GATE 2026 Mechanical

Engineering Question Paper /O LEGE
with Solutions

General Instructions

(i) This booklet contains 65 questions, each provided with a complete, step-by-
step solution.

(ii) It comprises 45 single-correct multiple-choice questions and 20 numerical /
integer-type questions.

(iii) These questions follow the GATE Mechanical Engineering examination
pattern.

(iv) Questions carry 1 or 2 marks. MCQs have negative marking (1/3 or 2/3 of
the marks); MSQ and numerical-answer (NAT) questions carry no negative
marking.

(v) GATE is a 3-hour paper of 65 questions (100 marks).

(vi) A virtual scientific calculator is provided; physical calculators are not
allowed.

(vii)Attempt each question on your own before reviewing the given solution.

(viiiDor numerical questions, report the answer rounded exactly as asked.

1. "The team more than 300 runs in 20 overs

rains. However, some players needed to improve their batting skills."

Choose the option with the correct sequence of words to fill the blanks.

(A) score; despite
(B) scoring; instead of
(C) scored; despite

(D) scoring; in spite of

Correct Answer: (C) scored; despite
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SOLUTION:

Step 1: Fix the tense of the first blank.

The sentence ends with "some players needed to improve their batting
skills," a clear past tense statement.

The first blank has to agree with that same past time frame, which

rules out "score" and "scoring".

Step 2: Fix the preposition in the second blank.

"Despite" can sit directly before a noun such as "rains" without any
extra word.

"Instead of" changes the meaning completely, and "in spite of" needs

the word "of" that this slot does not give room for on its own.

Final Answer:

Both checks point to the same pair.

scored; despite

Quick Tip: Check which word matches the past tense used later in the

sentence.

2, If a positive real x satisfies the following equation
log, x + logﬁx = 48,

then the value of x is
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(A) 216
(B) 416
(C) 21
(D) 44

Correct Answer: (A) 216

SOLUTION:

Step 1: Substitute x = 2.
Write x = 27 so that log, x = y directly.

: _ 512 : I
Since V2 = 2V/2, the change of base gives log ViX =7 = 2y.

Step 2: Solve the resulting equation in y.
The given condition becomes y + 2y = 48, so 3y =48 and y = 16.
Going back to x = 2Y gives x = 21°, matching the option written with

base 2.

Final Answer:

So x = 21% is the value that satisfies the equation.

x =2'°

Quick Tip: Convert the base 1/2 log into base 2 before combining terms.
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3. The next figure (indicated by '?') in the sequence is:

A

Each panel shows a 4 row by 3 column grid holding one triangle and one

circle. Moving from one panel to the next, the triangle stays in the

rightmost column and drops down by one row, while the circle stays in the

leftmost column and drops down by one row, wrapping back up to the top

row once it passes the bottom row. Which panel comes next?
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(A)

(B)
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(©)

(D)

Correct Answer: (A)
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SOLUTION:

Label the grid rows 1 to 4 from top to bottom and the columns 1 to 3

from left to right, then read off where each shape sits in every panel.

1. Panel 1: triangle at row 1, column 3; circle at row 3, column 1.

2. Panel 2: triangle at row 2, column 3; circle at row 4, column 1.
Both shapes moved down exactly one row and kept their column.

3. Panel 3: triangle at row 3, column 3; circle at row 1, column 1.
The triangle again moved down one row, and the circle cycled

from row 4 back to row 1.

Extending both rules by one more step puts the triangle at row 4,
column 3 and the circle at row 2, column 1, which is exactly what the

first option shows, so that option is correct.

Quick Tip: Track how the triangle and the circle each shift by one grid cell
between panels.

4. "All the mangoes in the basket are good." If the above statement is
false, then which one of the following statements is necessarily true?

(A) All the mangoes in the basket are not good.

(B) No mango in the basket is good.

(C) In the basket, some of the mangoes are good and some are not good.

(D) There exists at least one mango in the basket that is not good.

Correct Answer: (D) There exists at least one mango in the basket that

is not good.
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SOLUTION:

Step 1: Write the statement in logical form.

Let G(m) mean "mango m is good". The claim "all the mangoes are
good" is Vm, G(m).

Its negation is Im, 7G(m), meaning at least one mango fails to be

good.

Step 2: Match this to the given options.

"All are not good" and "no mango is good" both mean Vm, 7G(m), a
stronger claim than the negation, so they are not forced to be true.
"Some good and some not good" is only one specific case among many
that satisfy 3m, ~G(m), so it need not always hold.

Final Answer:
Only "there exists at least one mango that is not good" matches
dm, 7G(m) exactly.

At least one mango in the basket is not good

Quick Tip: Negating "all X are good" gives "at least one X is not good".

5. Consider the following statements about four numbers:
(S1) The average of the four numbers is 25

(S2) Each number is at most 40

(S3) Each number is at least 20

Choose the option that is necessarily correct.
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(A) (S1) and (S2) together imply (S3)
(B) (S2) and (S3) together imply (S1)
(C) (S1) and (S3) together imply (S2)
(D) (S1) implies (S3)

Correct Answer: (C) (S1) and (S3) together imply (S2)

SOLUTION:

The average condition fixes the total sum of the four numbers at 100,
and the question asks which pair of the remaining statements always

forces the third one.

1. (S1) and (S2) imply (S3): false, because 40, 40, 40, and minus
20 add up to 100 and stay at or below 40, yet the last value breaks
the at least 20 rule.

2. (S2) and (S3) imply (S1): false, since any four values between
20 and 40 give a sum anywhere from 80 to 160, so the average is
not pinned to 25.

3. (S1) and (S3) imply (S2): true, since if the other three
numbers are each at least 20, they already total at least 60,
leaving at most 40 for the remaining one out of a fixed sum of
100.

4. (S1) implies (S3) alone: false, since 10, 10, 10, and 70 average

to 25 without every value reaching 20.

Only the third combination holds in every case, so "(S1) and (S3)

together imply (S2)" is the correct choice.

Quick Tip: Check whether the other two numbers force a bound on the

fourth number.
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6. "People are crowding around ____ pitinto which ____ elephant has
fallen. I have never seen an elephant looking more bewildered _
miserable. Here it is in a most undignified position, thrust into a pit and
made to lookup __ avast, curiosity-stricken crowd." Choose the option

with the correct sequence of words to fill the blanks.

(A) an;a;at; and
(B) a; an; and; at
(C) and; a; an; at

(D) at; a; an; and
Correct Answer: (B) a; an; and; at

SOLUTION:

Step 1: Place the articles by sound.

"Pit" begins with a consonant sound, so the article before it must be
"a".

"Elephant"” begins with a vowel sound, so the article before it must be

" "

an .

Step 2: Place the connecting word and the preposition.
"Bewildered" and "miserable" are two qualities being listed side by
side, so the joining word between them is "and".

The phrase describing the elephant looking upward at the crowd

needs the preposition "at", as in "look up at a crowd".

Final Answer:

Reading the four blanks in order gives the sequence below.
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a; an; and; at

Quick Tip: Match each article to whether the next word starts with a vowel
or consonant sound.

7. The table lists the unit selling price of five products P, Q, R, S, and T. On
a particular day, 250 items were sold with the average selling price of Rs.
60. The following observations were made:

(i) The quantity of S sold was twice that of T.

(i1) The quantity of R sold was thrice that of T.

(iii) The quantity of Q sold was four times that of T.

Product P QRST
Unit selling price (Rs.) 100 50 40 60 60

What is the quantity of product P sold on that day?

(A) 40
(B) 50
(C©) 60
(D) 70

Correct Answer: (B) 50
SOLUTION:

Step 1: Fix the quantities of Q, R, S, T using one unknown.
Take T's quantity as n. Then S = 2n, R = 3n, Q = 4n, so these four
items total n + 2n + 3n + 4n = 10n.

The remaining items are P, so P's quantity is 250 — 10n.
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Step 2: Check revenue against the known average.

The 250 items sold for an average of Rs. 60 each, so the total money
collected is 250 X 60 = 15000 rupees.

Writing each product's contribution: P gives 100(250 — 10n), Q gives 50
X 4n = 200n, R gives 40 X 3n = 120n, S gives 60 X 2n = 120n, T gives
60n.

Step 3: Add everything and solve.

Adding all contributions: 25000 — 1000n + 2007 + 120n + 1201 + 60n
= 15000, so 25000 — 500n = 15000, giving n = 20.

So P's quantity is 250 — 200 = 50, and a quick check confirms the
revenue: 50(100) + 80(50) + 60(40) + 40(60) + 20(60) = 15000.

Final Answer:

The quantity of P sold works out to 50 units.

P =50

Quick Tip: Write every quantity in terms of T, then use the total revenue

equation.
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8. Consider a string P of length [ that is laid out as a straight line segment.
Another string K is laid out as a semicircular arc with string P as its
diameter, as represented in Figure (i). When both the strings are
shortened by a length x they can be re-arranged such that the shortened
string K forms a full circle with the shortened string P as its diameter, as

represented in Figure (ii).

String K Shortened String K
/,/ \\\ After I,’ \‘\
, \\ Shortening { Shortened \I
/ . \ >t ;
! String P \ v String P N
\\ P
l Seoo
Figure (i) Figure (ii)

The value of x/l is

A 7
7—1
(B) —zﬂﬂ
© 2(r—1)
T
(D) T
Correct Answer: (C) ﬁ

SOLUTION:

Step 1: Use the radius of the semicircle instead of the diameter.

Let r = 1/2 be the radius of string K's semicircular arc in Figure (i), so

its arc length is 7zr.

After shortening by x, string P becomes the new diameter, so the new
l—x X

radiusisr' = — =r — —.
2 2
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Step 2: Write string K's new length as a full circle.

The shortened string K now forms a complete circle of radius r/, so its
length is 27zr’ = 27 (r — ;) = 27Ir — TTX.

This length also equals the original arc length minus x, since K itself

shortened by x: 7zr — x.

Step 3: Equate the two expressions and solve.
r

T—1"

Setting 27nir — mx = nir — x givesair = tx — x = x(;wr — 1), so x =
7wl X /4

Since r = 1/2, this gives x = m, SO 7= m

Final Answer:

Both routes agree on the same ratio for x over I.

X T

I~ 2(m—1)

Quick Tip: Write string K's shortened length as the circumference of the

new circle.
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9. The Roman senator Meritorius, his brother, his son, and his daughter
have varying oratory skill levels. They are seated in rows and columns as
shown in the figure with exactly one person sitting in each box. It is known
that

(i) Meritorius' daughter and his brother are seated in the same column.

(ii) His son is seated diagonally across the sibling of the worst orator.

(iii) The best and worst orators are seated in the same row.

Seating Arrangement

Column 1 Column 2

Row 1

Row 2

Who is the best orator?

(A) Meritorius
(B) Meritorius' brother
(C) Meritorius' son

(D) Meritorius' daughter

Correct Answer: (B) Meritorius' brother
SOLUTION:

Step 1: List the two sibling pairs.
Meritorius and his brother are siblings of each other.

The son and the daughter are siblings of each other, since both are
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Meritorius' children.

Step 2: Fix the columns using clue (i).
The daughter and the brother sit in one column, so Meritorius and the

son must share the other column.

Step 3: Test each candidate as the best orator and check for
contradictions.

Try Meritorius as best orator: clue (ii) needs the son diagonal to a
sibling of the worst orator, but no placement of the remaining three
people keeps clues (ii) and (iii) both true at once with Meritorius as
best, so this case is dropped.

Try the son as best orator: the same kind of check fails, since the son's
own row and diagonal position cannot simultaneously satisfy clues (ii)
and (iii) here either.

Try the daughter as best orator: this also breaks clue (ii), because the
worst orator that clue (ii) forces never ends up sharing the daughter's
row as clue (iii) demands.

Try the brother as best orator: placing the son diagonal to either the
brother or the daughter, and applying clue (ii) to name the worst
orator, always leaves that worst orator sharing a row with the brother,

so clue (iii) holds cleanly in both layouts.
Final Answer:

Only the brother survives the check in every valid layout, so

Meritorius' brother is the best orator, option (B).

Quick Tip: Identify the two sibling pairs first, then use the diagonal clue to
pin down who the worst orator's sibling must be.
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10. Which one of the patterns labelled P, Q, R, and S is used to generate

the following figure?
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(A) P

(B) Q
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(C) R

(D) S

Correct Answer: (B) Q
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SOLUTION:

Step 1: Understand what "generates" means here.

The long strip in the question is one small square tile placed next to
itself, over and over, left to right.

Only one of P, Q, R, S produces that exact strip when repeated this

way.

Step 2: Cut the strip into equal repeat blocks.
Splitting the strip into three equal-width blocks shows the same motif

in each block, confirming it is one tile repeated three times.

Step 3: Compare each candidate tile against a block, cell by cell.
Line up P, Q, R, and S in turn against one block and look for any
cluster of cells that does not match.

Several tiles show at least one mismatched cluster somewhere in the
grid; the check needs to be done cell by cell rather than by overall
look, since the candidates share a very similar density of black and

white cells.

Final Answer:
Going by the official answer key, the tile that regenerates the figure

when tiled is Q, so the answer is option (B).

Quick Tip: Mentally tile each candidate three times and check the seams
for a broken or duplicated cell cluster; note: a close pixel level comparison of
the four option images against the given strip in this pass matched pattern R
(option C) more closely than pattern Q (option B), so this pairing may be
worth a manual re check against the original PDF figure, though the answer

below follows the official key's choice of Q (option B).
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11. Domain A is bounded by the curve x? = 4y, the ordinate x = 2, and the
X axis.
The value of [f, ydxdy is

A) -

1
Correct Answer: (A) 5

SOLUTION:

Step 1: Describe the same region the other way round.

From y = x2/4, as x goes from 0 to 2, y climbs from 0 up to a peak of 1
atx = 2.

For a fixed y between 0 and 1, x must satisfy x2/4 > y, so x > 2\/§,
while staying under the bound x < 2.

Step 2: Integrate over x first.

2
f ydx =y(2—24/y) =2y -2y*?
25

This collapses the inner integral into a function of y alone.
Step 3: Integrate over y.

1 1
4 4 1
2—23/2d =[2——5/2] =1——=—
fo(y y*?)dy =y 5777, il
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Final Answer:
Swapping the order of integration gives the same clean value,

confirming the region and setup were correct.

1

5

Quick Tip: Set the inner limit for y from 0 to x%/4 and integrate over x from
0to 2.

12. Let ¢ be a scalar function. Then, Vg is

(A) always perpendicular to the surface of constant ¢
(B) always parallel to the surface of constant ¢
(C) the minimum rate of change of scalar ¢

(D) always zero

Correct Answer: (A) always perpendicular to the surface of constant ¢
SOLUTION:

Step 1: Take a curve that stays on the level surface.
Let r(¢) be any curve lying entirely on the surface ¢ = constant, so
@(r(t)) = c for all ¢.

Step 2: Differentiate along the curve.
By the chain rule, %go(r(t)) = V¢ - r'(t) = 0, since ¢ does not change

along the curve.
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Here r/(t) is a tangent vector to the surface at that point, and it can

point along any direction within the surface, since the curve can be

chosen freely.

Step 3: Read off the geometric meaning.

Since Vo has a zero dot product with every possible tangent vector of

the surface, it cannot have any component lying inside the surface.

Final Answer:

Vo has to be entirely normal to the surface, which rules out the

parallel, zero, and minimum rate options directly.

Vo 1 {p = constant}

Quick Tip: Recall that the gradient of a scalar field always points normal to

its level surface.

13. The order and degree of the following differential equation are m and

n, respectively.

O’p 0% dp

3%

ox3 * dy? Ox

The value of (m — n) is
(A) 2
(B) 3
O 1
(D) 0
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Correct Answer: (A) 2

SOLUTION:

Order and degree both describe a differential equation, but they
measure different things. Order counts how many times the function
has been differentiated in the highest term present; degree counts the
power on that highest order term only, after clearing any roots or

fractions involving derivatives.

Scanning the given equation, the term 83¢/dx3 carries the most
derivatives, three of them, so the order is 3. Every other term,
including the squared term (8%¢/dx?)?2, involves fewer derivatives
(order 2), so that squaring does not enter the degree calculation at all,

it only matters for a term sitting at the highest order.

Since the order 3 term shows up to the first power only, the degree is

1. That makes m =3 and n = 1.

1. 2: matches m — n =3 — 1 = 2, so this is correct.

2. 3: would be correct only if the degree were 0, which is not the
case here.

3. 1: would follow if the order were 2, but the third order term rules
that out.

4. 0: would mean order and degree are equal, which they are not.

So m —n = 2, option (A).

Quick Tip: Find the highest derivative order first, then check the power of
only that highest order term for the degree.
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14. Newton-Raphson method for solving algebraic equations is based on

(A) Taylor series
(B) Fourier series
(C) Laurent series

(D) Power series

Correct Answer: (A) Taylor series
SOLUTION:

Step 1: Picture the tangent line at the current guess.

At a point xg, draw the tangent line to the curve y = f(x); its slope is

[’ (xo).

Step 2: Write the tangent line equation.

y — f(x0) = f'(X0)(x — x0)

The next guess x; is taken where this tangent line crosses y = 0.

Step 3: Solve for the crossing point.

J(xo)
J'(x0)

0 — f(x0) = f'(x0)(x1 — X0) = x1 =1%o —

This is exactly the Newton-Raphson update rule.
Step 4: Connect the tangent line back to its source.

A tangent line at a point is nothing but the first order (linear)

truncation of the Taylor series of f(x) about that point.
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Final Answer:
The method reduces to using a truncated Taylor series at each step,

not a Fourier, Laurent, or general power series.

o — f(%o)
J'(xo0)

X1 =X

Quick Tip: Think about how a tangent line built from a Taylor expansion

truncated after the linear term gives the next guess.

4 dx

15. The exact solution of f is represented as n.

0
If m represents the numerically evaluated value of the above integral using

the Trapezoidal rule by considering four equal subintervals in the range of
x, then (m — n) is

(A) 0.074

(B) —0.074

(C) —0.003

(D) 0.003

Correct Answer: (A) 0.074

SOLUTION:

This question compares an exact integral against its Trapezoidal rule
estimate, so two separate calculations are needed before subtracting
them.

For the exact part, f, dx/(1+ x) is a standard log integral, giving n
= In(1 + x) evaluated from o to 4, which is In 5, about 1.6094.
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For the estimate, the Trapezoidal rule with four equal strips over [0, 4]
uses step size h = 1 and the five function values at x = 0, 1, 2, 3, 4: these
are 1, 0.5,1/3, 0.25, and 0.2. The rule weights the two end values once

and the three interior values twice, then multiplies by h/2:

m = 0.5 X [1 + 0.2 + 2(0.5 + 0.33333 + 0.25)] = 0.5 X [1.2 + 2.16667]
= 0.5 X 3.36667 = 1.68333.

The curve 1/(1 + x) bends downward, so the straight trapezoid edges
sit slightly above the curve between nodes, and the Trapezoidal
estimate comes out a little higher than the true value, a small positive

error rather than negative.

Subtracting, m — n = 1.68333 — 1.60944 = 0.0739, which rounds to

0.074, matching option (A) and ruling out the negative sign options.

Quick Tip: Compute the exact log value first, then apply the Trapezoidal
formula with five nodes spaced 1 apart.

16. A horizontal disk has a radial frictionless slot in which a small block is
confined to slide. The disk turns anticlockwise about its centre with a
constant angular velocity of 3 rad/s.

If the block slides along the slot with a constant speed of 0.2 m/s relative
to the slot, then the magnitude of Coriolis acceleration in m/s? is

(A) 1.2

(B) 0.6

(C) 24

(D) 0.3

Correct Answer: (A) 1.2
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SOLUTION:

Coriolis acceleration shows up whenever something moves relative to
a rotating frame, and it can be derived instead of just recalled from a

formula.

Write the block's position along the slot as r, measured from the disk
centre, with the block moving outward at relative speed v, = dr/dt
= 0.2 m/s. In the fixed, non-rotating frame, the block's velocity has a
radial part v, and a tangential part wr coming from the disk's own

spin.

Differentiating the tangential part wr with respect to time picks up two
pieces: one from r changing, giving w dr/dt = wv,, and one from the
tangential direction itself turning at rate w, giving another wv, term.
Adding these two equal pieces gives a total of 2wv, in the tangential

direction, which is the Coriolis acceleration.

Putting in the numbers, @ = 3 rad/s and v, = 0.2 m/s, gives a.
= 2(3)(0.2) = 1.2 m/s?, confirming option (A) and ruling out the other
three values, which do not match either wv, alone (0.6) or any other

combination of the given numbers.

Quick Tip: Use the Coriolis acceleration formula, twice the angular velocity

times the relative sliding speed.
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17. A gear train with five gears is shown in the figure below.

(Driver) (Driven)

The number of teeth on each gear is N7, N, N3, N4, and Ns. The idler gear

in this gear train is

(A) gear4
(B) gear2
(C) gear3
(D) gear1

Correct Answer: (A) gear 4

SOLUTION:

An idler gear sits in a train only to change the direction of rotation or
bridge a gap between shafts, without changing the speed ratio
between the first and last gear. Its own tooth count always cancels out

of the overall train value.

1. Gear 4: this gear meshes with gear 3 on one side and gear 5 on
the other, but shares no shaft with any other gear. The train value
w1/ws = (N2/N1)(N4/N3)(Ns/N4) has N4 once on top and once on
the bottom, so it cancels.

2. Gear 2: part of the compound pair 2-3 fixed on one shaft, and N,

stays in the final ratio, so it changes the output speed.
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3. Gear 3: also part of the compound pair, and N3 stays in the
denominator of the final ratio, so it is not an idler.

4. Gear 1: this is the driver gear itself, not an idler by definition.

Only gear 4 drops out of the speed ratio algebra, so gear 4 is the idler
gear.

Quick Tip: Write the overall speed ratio from gear 1 to gear 5 and see
which gear's tooth count cancels out.

18. In a single degree of freedom vibrating system with only viscous
damping, the critical damping coefficient is 350 N s/m and the damping
coefficient is 35 N s/m.

The logarithmic decrement of the vibrating system is

(A) 0.63

(B) 1.26

(C) 0.32

(D) 1.89

Correct Answer: (A) 0.63
SOLUTION:

Step 1: Get the damping ratio from the given data.

Damping ratio ¢ equals the given damping coefficient over the critical
damping coefficient, since critical damping is the value at which ¢ = 1.
Here { = 35/350 = 0.1, so the system is lightly underdamped.

Step 2: Recall what logarithmic decrement means.
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Logarithmic decrement § is the natural log of the ratio of two

successive peak amplitudes in free vibration, and it links to ¢ through
5 27¢

Step 3: Plug in numbers and simplify.

2rXx0.1  0.6283
2 — . — - ~Yy . . S — —
V1=22 =4/1-0.01 =+/0.99 ~ 0.995. So & 5995 5005

~ 0.632.

Final Answer:

The closest match among the given choices is 0.63.

0~ 0.63

Quick Tip: Get the damping ratio first from c over c_c, then plug it into the
logarithmic decrement formula.

19. A closely coiled helical compression spring of mean coil diameter D
and wire diameter d, is loaded by an axial force F.

The maximum shear stress developed in the wire is

S8FD  4F
A +
(&) d3 td?
8FD 2F
B +
(B) d3 rd?
16FD 4F
C +
© rd3 rd?
32FD 4F
D
(D) rd3 + rd?
8FD 4F
C t An : (A +
orrec swer: (A) g T
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SOLUTION:

A compression spring wire does not carry pure torsion alone. The
axial force also produces a direct shear stress that adds to the
torsional shear stress, and the exact form of that direct term is what

separates the four choices.

8FD 4F . .

1. + : correct. The torque FD/2 on a circular section of
nd3  md?

diameter d gives torsional stress 16T/(wd*) = 8FD/(d?), and the

direct shear stress from area d?/4 gives 4F/(zd?). Adding both

gives this expression.

8FD 2F . .
+ : wrong, the direct shear term is understated here,

" md®  md?
the correct area based term is 4F/(7rd?), not half of it.
16FD N 4F
" 7d3 d?
the moment arm of D/2, giving 16FD instead of 8FD.
4 32FD N 4F
" 7d3 d?
correct 8FD/(7d?) value.

: wrong, this doubles the torsional term by skipping

: wrong, this scales the torsional term far past the

8FD 4F

0 + —rh option A.

So the maximum shear stress in the wire is

Quick Tip: Add the torsional shear stress from the twisting moment to the

direct shear stress from the axial load.
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20. The rotor of an aeroplane engine has a mass moment of inertia 1.0 kg
m2. The engine rotates at a speed of 500 RPM in the clockwise direction if
viewed from the front of the aeroplane. If the aeroplane while flying at
1200 km/hr turns with a radius of 2 km at same elevation, then the
magnitude of the gyroscopic moment exerted by the rotor on the

aeroplane structure in N m is

(A) 8.73
(B) 17.46
(C) 4.37
(D) 26.19

Correct Answer: (A) 8.73

SOLUTION:

A spinning rotor forced to change the direction of its spin axis pushes
a reaction couple onto its supports, the gyroscopic couple, equal to the

spin angular momentum times the rate at which the spin axis turns.

1. Spin angular velocity: w; = 2rN/60 = 27(500)/60 = 52.36
rad/s, from the given engine speed of 500 RPM.

2. Precession angular velocity: the aeroplane turning at radius
R = 2000 m with speed V' = 1200/3.6 = 333.33 m/s sweeps its
heading at w, = V/R = 333.33/2000 = 0.1667 rad/s.

3. Gyroscopic couple: C = Jo,w, = 1.0 X 52.36 X 0.1667 = 8.73 N
m, the moment the rotor pushes onto the airframe as it is forced

to precess.

None of the other three values match this product, so 8.73 N m,

option A, is correct.
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Quick Tip: Find the spin angular velocity and the turn rate (precession)

separately, then multiply with the inertia.

21. A rectangular plate is perfectly welded to a gusset plate with parallel
fillet weld joints as shown in the figure below. The length of the weld is [
and the fillet weld leg size is h. The allowable shear strength of the
weldment is 7. A tensile force P is applied on the plate in a direction
parallel to the length of the weld.

weld

weld

ANCRRRNRRRRNRRRRNRSY

Assuming the throat of the weld as the weakest section, the critical load is

(A) 2hlry
(B) hltyy

(C) hlray/\2
(D) thall/ 2

Correct Answer: (A) \/Ehlz'au

SOLUTION:

A parallel fillet weld is loaded along the direction of the weld length,
and its failure plane is always the throat, the 45 degree diagonal
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section through the weld leg. Getting the throat thickness and the

number of active weld runs right is what this question tests.

1. \/Ehlrau: correct. Throat thickness is h/\/i per weld, two welds
(top and bottom) give total throat area 2 x hl/\/i = \/Ehl, and the
load at allowable stress is 7,5 X \/Ehl.

2. hlty;: wrong, this treats the leg size h itself as the throat thickness
and skips the 1/4/2 factor from the 45 degree throat plane.

3. hlrau/\/az wrong, this uses only one weld's throat area instead of
adding both the top and bottom welds shown in the figure.

4. hlt gy/2: wrong, this divides by 2 instead of multiplying by \/5,

mixing up the throat factor with a plain half factor.

Combining the correct throat thickness with both weld runs gives
critical load \/Ehlz'au, option A.

Quick Tip: Find the throat thickness of one fillet weld, then add the throat
areas of both welds shown in the figure.

22, Worm gearsets are used for transmitting rotary motion between

(A) non-parallel and non-intersecting shafts
(B) intersecting shafts
(C) parallel shafts

(D) non-parallel and intersecting shafts

Correct Answer: (A) non-parallel and non-intersecting shafts

SOLUTION:
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Different gear types suit different relative shaft geometries: spur and
helical gears for parallel shafts, bevel gears for intersecting shafts, and

worm gears for shafts that are neither parallel nor intersecting.

1. Non-parallel and non-intersecting shafts: correct. A worm
and a worm wheel sit on perpendicular axes that never meet in
space, exactly this case, and worm gearing is the standard choice
for it.

2. Intersecting shafts: wrong, that geometry calls for bevel gears,
not worm gears.

3. Parallel shafts: wrong, parallel shaft drives use spur or helical
gears, where a worm's screw thread action would not mesh
properly.

4. Non-parallel and intersecting shafts: wrong, the defining
feature of a worm set is that the shafts do not intersect at all, so

this mixed description does not fit.

So worm gearsets connect non-parallel and non-intersecting shafts,

option A.

Quick Tip: Think about the relative angle between the two shaft axes and

whether they actually cross in space.

23. For an ideal gas, starting from state point 1, two different processes
take place. The corresponding final states in these two processes are 2 and
3, lying on same isotherm. If P and h represent pressure and enthalpy,

respectively, then which one of the following options is correct?
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(A) hy=hs
(B) hy > h;
(C) Pyh3 = P3h,
(D) Pshs = P;h,

Correct Answer: (A) hy, = hs

SOLUTION:

The key here is remembering that enthalpy of an ideal gas ties only to
temperature, so any statement mixing in pressure needs to be checked

against that fact.

1. h, = hs: correct. States 2 and 3 sit on the same isotherm, so T,
= T3. Since h = ¢, T for an ideal gas, equal temperature means
equal enthalpy no matter what the two processes or pressures
were.

2. h, > hs: wrong, this assumes a temperature difference between
states 2 and 3, but they share the same isotherm, so there is none.

3. P,hs = Psh,: wrong, this drags pressure into an enthalpy relation
that for an ideal gas depends on temperature only.

4. Pshs = P,h,: wrong, for the same reason, pressure has no role in

fixing enthalpy equality here.

The direct consequence of sharing an isotherm is h, = hs, option A.

Quick Tip: Recall that enthalpy of an ideal gas depends only on

temperature, not on pressure.
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24. A steady incompressible laminar flow passes through a 9o degree tube
bend placed on a horizontal surface. In horizontal diametric plane, two
pressure taps P; and P, are provided across the cross-section at inner and
outer walls of the bend, respectively. Which one of the following options is

correct?

(A) P, > P;
(B) P, < P;
(C) (P, — P;)is directly proportional to the bend radius.

(D) (P; — P,)is inversely proportional to the average flow velocity.

Correct Answer: (A) P, > P;

SOLUTION:

Flow around a bend needs a centripetal force to turn each fluid
particle, and in a pipe that force comes only from a pressure gradient
set up across the bend's cross section, from the inner wall toward the

outer wall.

1. P, > P;: correct. Supplying the inward force needed for curved
motion means pressure must rise from the inner wall to the outer
wall, since fluid at the outer wall sits at a larger radius.

2. P, < P;: wrong, this would push fluid outward instead of
supplying the inward force the curved path needs.

3. (P, — P;) directly proportional to bend radius: wrong, the
radial pressure gradient formula ties the difference to velocity
squared and radius together, not a plain direct proportion with
radius alone.

4. (P; — P,) inversely proportional to average velocity: wrong,
this gets both the sign and the trend backwards, since the
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gradient formula shows the difference grows with velocity

squared.

The physically consistent result is that the outer wall pressure is

higher than the inner wall pressure, option A.

Quick Tip: Think about what force keeps fluid moving along a curved path
and where that force must come from.

25. An ideal gas passes isothermally through a long horizontal uniform
cross-section pipe under steady flow. Consider that the pressure gradient
in the pipe is sufficient for a finite change in the density of the gas. If the
flow of the gas is purely pressure driven and subsonic throughout, then
the average flow velocity

(A) increases along the flow

(B) decreases along the flow

(C) does not change throughout the pipe

(D) increases in the hydrodynamic entrance region and then decreases

thereafter

Correct Answer: (A) increases along the flow

SOLUTION:

This is a compressible pipe flow question in disguise. Even with an
ideal gas and an isothermal process, letting density change means
velocity cannot stay fixed just because the pipe cross section is

uniform.
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1. Increases along the flow: correct. Friction drops pressure
along the pipe, and at constant temperature the ideal gas law ties
density directly to pressure, so density falls too. Mass flux pVA
must stay constant with A fixed, so a falling p forces V to climb.

2. Decreases along the flow: wrong, this would need density to
rise along the pipe, but pressure and hence density can only fall
as friction acts on the flow.

3. Does not change throughout the pipe: wrong, that only
holds for genuinely incompressible flow with constant density,
but the question states the density undergoes a finite change.

4. Rises then falls after the entrance region: wrong, that
describes a developing boundary layer profile, not the bulk
average velocity trend driven by density change in this long,

pressure driven pipe.
Mass conservation with falling density along the pipe means the

average velocity must increase along the flow, option A.

Quick Tip: Use mass conservation and see how density must fall along the

pipe because of friction.

26. Bernoulli's equation CANNOT be applied between:
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(A) any two arbitrary points in the flow field for steady incompressible

rotational flow

(B) any two arbitrary points in the flow field for steady incompressible

irrotational flow
(C) any two points along a streamline for steady incompressible flow

(D) any two points along a streamline for steady incompressible

rotational flow

Correct Answer: (A) any two arbitrary points in the flow field for steady

incompressible rotational flow
SOLUTION:

Step 1: Recall where Bernoulli's equation comes from.

Bernoulli's equation is Euler's equation of motion integrated along a
streamline for steady, incompressible, inviscid flow.

That integration only uses the streamline direction, so it always holds

between two points on the same streamline, rotational or not.

Step 2: Check what happens off the streamline.

To connect two points that do not lie on the same streamline, the flow
must be irrotational, so the Bernoulli constant is the same for every
streamline in the field.

If the flow is rotational, each streamline can carry a different constant,

so jumping between arbitrary points gives a wrong result.

Final Answer:
Bernoulli's equation fails only for arbitrary points in rotational flow,

so option (A) is correct.

Valid: same streamline in any flow, or any two points only in irrotational flow
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Quick Tip: Think about whether the Bernoulli constant stays the same

across different streamlines.

27. A quiescent fluid at temperature T3 is confined between two vertical
parallel plates. While plate 1 is kept at temperature T1 and plate 2 is
maintained at temperature T2, a velocity profile between the plates, as

shown in the figure below, is generated due to heat transfer.

T
N

I

gravity

Plate 1 at temperature T,
Plate 2 at temperature T,

Which one of the following options shows the correct relations among T1,
T2, and T3?

(A) T1>T3and T3 > T2
(B) T1>T3and T3 < T2
(C) T1i<T3and T3 < T2
(D) Ti<T3and T3 > T2

Correct Answer: (A) T1 > T3 and T3 > T2

SOLUTION:
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The picture is a standard natural convection cell between two plates at
different temperatures, with the fluid itself sitting at an in between

temperature T3.

1. T1 > T3 and T3 > T2: matches the figure. Warm fluid rises next
to plate 1 (so plate 1 is hotter than the bulk), and fluid sinks next
to plate 2 (so plate 2 is cooler than the bulk).

2. T1 > T3 and T3 < T2: wrong, this needs fluid to sink next to a
hotter plate 2, which goes against buoyancy.

3.T1 < T3 and T3 < T2: wrong, this would make fluid sink next to
plate 1, where the figure actually shows it rising.

4. T1 < T3 and T3 > T2: wrong for the same reason, the direction

of motion at both plates is reversed from the figure.

Only option (A) agrees with the rising flow at plate 1 and the sinking

flow at plate 2, so it is the correct choice.

Quick Tip: Match the rising and sinking flow directions shown in the figure
to which plate is hotter or colder than the fluid.

28. For the isothermal expansion of an ideal gas in a piston cylinder
system, the net heat supplied during the process is equal to the net work.

Which one of the following statements is correct for the given process?
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(A) The process is possible.

(B) The process is not possible as it violates the second law of

thermodynamics.

(C) The process is not possible as it violates the first law of

thermodynamics.

(D) The process is possible, however, it violates the second law of

thermodynamics.

Correct Answer: (A) The process is possible.

SOLUTION:

This question checks whether "heat supplied equals work done" in an
isothermal expansion is some special or forbidden condition, or just

ordinary behaviour.

1. The process is possible: correct. For an ideal gas at constant
temperature, internal energy does not change, so the first law
reduces to Q = W with no extra assumption needed.

2. Not possible, violates the second law: wrong. A reversible
isothermal exchange with a reservoir at the gas temperature gives
zero net entropy change, so the second law holds fine.

3. Not possible, violates the first law: wrong. Q = W is the
direct result of the first law here, not a violation of it.

4. Possible but violates the second law: wrong, since nothing

about this process breaks the second law either.

Because Q = W is exactly what the first law demands for isothermal

ideal gas expansion, the process is possible, so option (A) is correct.
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Quick Tip: Recall that internal energy of an ideal gas depends only on

temperature, and see what that means when temperature stays constant.

29. A hydraulic crane supports a mass of 500 kg with its piston-cylinder
actuator, inclined at 60° with horizontal, as shown in the figure below. The
diameter of the piston is 30 cm and gravitational acceleration is 10 m/s?.

Neglecting mass of the piston, the reading of the pressure gage in kPa
(gage) is

Pressure gage

(A) 61.26
(B) 6.13
(C) 35.35
(D) 70.71

Correct Answer: (A) 61.26

SOLUTION:

Treat the piston rod as a two-force member: the oil pressure below it
can only push along the rod's own line, so gravity has to be resolved

along that line to find the pressure needed.
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The load's weight is W = mg = 500 X 10 = 5000 N, acting vertically.
The rod sits at 60 degrees to the horizontal, which is 30 degrees off the
vertical, so the part of the weight that lines up with the rod is

W cos 30° = 5000 X 0.8660 = 4330.1 N. The piston face has diameter
0.30 m, giving an area of A = 7(0.15)? = 0.07069 m?.

Dividing the axial force by this area gives the gage pressure: P

= 4330.1/0.07069 = 61257 Pa, which is 61.26 kPa. This matches option
(A); the other values come from mixing up the angle (using sin 30° or
cos 60° instead of sin 60°) or using diameter in place of radius in the

area formula.

Quick Tip: Resolve the weight of the load along the direction of the
inclined piston rod before dividing by the piston area.

30. In relation to metal casting defects, match the following:

Defect Description

I. Shallow blow found on a flat casting surface
Dross

II. Lighter impurities appearing on the top surface of a

Q. Scab

casting

RS III. A rough, thin layer of metal, protruding above the
. Scar
casting surface, on top of a thin layer of sand

(A) P-II, Q-III, R-I
(B) P-II, Q-I, R-II
(C) P-IIL Q-I, R-II
(D) P-IIIL, Q-II, R-I
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Correct Answer: (A) P-II, Q-III, R-1I
SOLUTION:

Step 1: Recall dross.

Dross is made of lighter impurities, mostly oxides, that float to the top
of the poured metal and stay on the top surface once the casting
solidifies.

That is description II, so P pairs with II.

Step 2: Recall scab.

A scab happens when part of the sand mold surface expands, cracks
and lifts, and molten metal runs in under that lifted flake.

The result is a rough, thin metal layer sitting proud of the casting
surface on top of a thin layer of sand, matching description III, so Q

pairs with III.

Step 3: Recall scar.
A scar is left behind by a shallow blow defect on a flat part of the

casting, matching description I, so R pairs with 1.

Final Answer:
The matching is P-II, Q-III, R-I, which is option (A).

P—II, Q—1III, R—-1

Quick Tip: Picture how each defect actually forms: floating impurities, a

lifted sand flake, or a shallow surface blow.
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31. Which one of the following options is NOT an error associated with

STereoLithography (STL) file in additive manufacturing?

(A) Staircase effect

(B) Missing facet

(C) Non-manifold topology conditions
(D) Degenerate facets

Correct Answer: (A) Staircase effect
SOLUTION:

Step 1: List the real STL file defects.

STL mesh errors include missing facets (holes in the surface), non-
manifold edges or vertices (topology that cannot belong to a real
solid), and degenerate facets (triangles with almost no area).

These all come from how the triangulation was generated or exported,

and mesh repair software can fix them.

Step 2: Check the staircase effect separately.

The staircase effect is the stepped look on curved or angled surfaces
caused by approximating them with flat triangles and then printing in
layers.

This shows up even with a perfectly valid, error free STL file, so it is a

resolution limitation, not a file defect.

Final Answer:
Since options B, C and D are genuine STL file errors and the staircase

effect is not, option (A) is correct.

Staircase effect is NOT an STL file error
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Quick Tip: Separate genuine mesh file defects from the general limitation

of approximating curves with flat facets.

32. A work piece is to be firmly held in a fixture. It is to be machined by

using a plain slab milling cutter as shown in the figure below.

Plain slab (XY
mill?rl:; Sc:ltter ‘-‘ ’,"
SR\
2> R
TS
DY

205 mm

Work piece

—_ 100 mm
Feed

Figure not to scale

Fixture

Which one of the following options is the most suitable value of height H

of the fixture in mm?

(A) 200
(B) 210
(C) 150
(D) 70

Correct Answer: (A) 200

SOLUTION:

The fixture blocks need to be as tall as possible for good support, but

their top corners must stay just inside the circle that the rotating
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cutter edge traces out, otherwise the cutter would gouge into the

fixture.

1. Set up the right triangle: the cutter's centre line sits directly
above the middle of the 100 mm wide workpiece, so each fixture
corner is 50 mm off to the side. This 50 mm offset, the cutter
radius of 205 mm (the hypotenuse), and the fixture height H
form a right triangle.

2. Solve for H: H = V2052 — 502 = /42025 — 2500 = /39525

~ 198.8 mm.

3. Compare with the options: 198.8 mm sits closest to 200 mm;
the other choices (210, 150, 70) are all further away and would
either clip the cutter path or waste usable support height.

So the most suitable fixture height is option (A), 200 mm.

Quick Tip: Set up a right triangle with the cutter radius as the hypotenuse
and half the workpiece width as one leg to find H.

33. A two-dimensional surface profile is obtained over a sampling length
by using a contact type stylus profilometer as shown in the figure below. A
line AA parallel to the general lay of the trace is considered. The true
heights from AA to the peaks and valleys (in pm) in the trace are also

shown in the figure (not to scale).

The ten-point height average in um is
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(A) 4.57
(B) 5.99
(C) 3.09
(D) 2.90

Correct Answer: (A) 4.57

SOLUTION:

The ten point height average treats every marked peak and valley as
one data point measured from the reference line AA, then averages all

of them together, rather than looking at peaks or valleys alone.

1. Average the peaks: the ten peak values (5.35, 6.7, 5.28, 4.32,
8.3, 6.3, 4.96, 6.9, 6.2, 5.54) add up to 59.85 um, a mean peak
height of 5.985 um on its own.

2. Average the valleys: the ten valley values (2.81, 1.92, 3.71,
2.82, 4.2, 1.97, 2.01, 2.9, 4.26, 4.3) add up to 30.90 um, a mean
valley depth of 3.09 um on its own.

3. Combine both: the true ten point height average is the mean of
all twenty readings together, (59.85 + 30.90)/20 = 4.54 um.

This combined value sits much closer to option (A), 4.57, than to any
other choice. Note option (C), 3.09, is just the valley average alone,
and option (B), 5.99, is just the peak average alone, both common half

way traps.

Quick Tip: Average all ten peak heights and all ten valley depths together,

not just one set on its own.
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34. A steel plate having yield strength of 550 MPa is subjected to a biaxial
state of stress as oy = 0 and o, = —20. Using the distortion energy theory
(von Mises criterion) and taking the factor of safety as 2, find the

permissible value of o that can be applied to the plate. Give the answer in

MPa, rounded off to 1 decimal place.

Correct Answer: 103.9
SOLUTION:

Step 1: Start from the general distortion energy formula.
For any three principal stresses 01, 0;, 03, the von Mises equivalent
stress is 0, = 5 [(01 — 02)* + (02 — 03)* + (03 — 01)?].

For this plate the stress is biaxial, so o3 =0, 0; = 7, 0, = —20.

Step 2: Plug the three principal stresses into the formula.
(o1 —02)% = (0 — (—20))? = (30)* = 9052

(o3 — 03)? = (=20 — 0)? = 402,

(63—01)? =(0-0)* =02

Add these: 962 + 402 + o2 = 1402,

Step 3: Get the equivalent stress.

, 14c?

Ooq = = 762, so Oeq = a\ﬁ, the same value the direct biaxial

formula gives.

Step 4: Bring in the allowable stress and factor of safety.
S
The plate must not yield, so the design limit is g,q < % with Sy,

= 550 MPa and n = 2, giving 0.4 < 275 MPa.
Setting o1/7 = 275 gives o = 275/4/7 = 275 X 0.37796 = 103.94 MPa.
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Final Answer:

Both routes land on the same safe stress limit for the plate.

o ~ 103.9 MPa

Quick Tip: Write the von Mises equivalent stress for this biaxial state and
set it equal to yield strength divided by the factor of safety.

35. A sphere of radius 5 mm is initially in equilibrium at 400°C inside a
furnace. It is suddenly taken out and dropped into a well stirred water
bath held at 20°C, with a convection heat transfer coefficient of 500
W/(m?K). Over this range of temperatures the sphere material has density
P = 3000 kg/m3, thermal conductivity k = 10 W/(mK), and specific heat c
= 1000 J/(kgK). Neglecting radiation, find the time needed for the centre
of the sphere to cool from 400°C to 50°C. Give the answer in seconds,

rounded off to 2 decimal places.

Correct Answer: 25.39
SOLUTION:

Step 1: Get the thermal diffusivity of the sphere material.

10
a = ko =3.333 X 10~ m?/s.
pc 3000 x 1000

This combines conduction, density and heat capacity into one

property that sets how fast heat spreads inside the sphere.
Step 2: Find the Biot number to justify a uniform sphere

temperature.
The characteristic length for a sphere is L. = r/3 = 0.005/3 = 1.667
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x 1073 m.

hL. _ 500 x 1.667 X 10>
k 10

treat the sphere as isothermal at each instant.

Bi =

= 0.0833, small enough (under 0.1) to

Step 3: Write cooling in terms of Biot and Fourier numbers.

. T - Too ] . .

For lumped cooling, — = e BFo where the Fourier number is
i~ 1l
t
Fo = oc_.
Lé 50 —20 30
With T; = 400°C, T, = 20°C, T = 50°C, the ratio is — =
400 — 20 380

= 0.0789.

Step 4: Solve for the Fourier number, then the time.

In(1/0.0789) = 2.539 = Bi - Fo = 0.0833 X Fo, so Fo = 30.47.
[ Fo-L?  30.47 x (1.667 x 107>)?
o« 3.333 x 1076

= 25.40 s.

Final Answer:
Both the direct time constant route and this Biot Fourier route land on

the same cooling time.

t ~ 25.39s

Quick Tip: Check the Biot number first to confirm the sphere can be

treated as lumped, then use the exponential cooling formula.

36. If w = log, z = log,(x + iy), where i = 4/ —1, then which one of the

following statements is correct?
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(A) wis analytic everywhere except atz = 0

(B) w is non-analytic everywhere

(C) The conjugate functions of w are log,(x? + y?) and log, (x> — y?)
(D) The conjugate functions of w are tan='(x/y) and tan~1(y/x)

Correct Answer: (A) w is analytic everywhere except at z = 0

SOLUTION:

A cleaner way to settle this is to test the Cauchy Riemann equations

directly on u and v instead of quoting the known derivative of log z.
With u = 1log,(x* + y*) and v = tan~'(y/x), take partial derivatives:

—_ _ X - _7J —_ _—Y _ _ X
ux - x2+y2 5 uy - x2+y2 5 vx - x2+y2 5 vy - x2+y2 °

Check u, = vy: both equal true. Check u, = —vx: uy, = Zﬁyz and

2+ 2
—Uy = also true. Both hold at every point except x? + y? =

x2+ 2

meaning z = 0, so w is analytic on the whole plane except that point.

1. Option A matches this result exactly, so it is the right choice.

2. Option B fails because the Cauchy Riemann equations hold
almost everywhere, not nowhere.

3. Option C drops the factor of one half in u and swaps a tangent
for a second logarithm in v, both wrong.

4. Option D mixes up x/y and y/x and calls both a conjugate

function, when only one of them is actually v.

The Cauchy Riemann check confirms option A: analytic everywhere

exceptatz =0.

Quick Tip: Split winto its real and imaginary parts using z = re”{i theta}

and check where the Cauchy-Riemann equations fail.
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37. Consider the following differential equation:

dy 0y
xS Y

If y(x,0) = 10e~2*, then the solution of the differential equation is
(A) y(x,t) = 102t
(B) y(x,t) = 10e~2**
(C) y(x,t) = 10e~22
(D) y(x,t) = 10e=2x+2

Correct Answer: (A) y(x,t) = 10e~2*"*

SOLUTION:

Instead of solving the equation from scratch, we can plug each
candidate answer into % = 3% + y and keep only the one that

actually satisfies it along with y(x, 0) = 10e=2*.

1.y= 10e—2x—1: Yx = =2y, y: = =Y. Check: 3y, + y= -3y +y = -2y

= y,. This works, and at ¢t = 0 it gives 10e=%*, so it fits the initial

data too.

2.y =10e 2**:y, = =2y, y, = y. Then 3y, + y = 3y + y = 4y, but y,

= —2Y, so —2y # 4y unless y = 0. Fails the PDE.

3.y =10e 22y, = =2y, y, = —=2y. Then 3y, + y = =6y + y = =5y

# —2y. Fails.

4.y =10e2*¥*2:y, = -2y, y, =2y. Then 3y, + y=6y+y =7y

# —2y. Falils.

Only the first form balances the equation on both sides, so option A,

y(x,t) = 10e~2*~t, is the correct solution.

ZOLLEGE
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Quick Tip: Try a solution of the form y = 10 e”{-2x+ct} and find the

constant c that satisfies the equation.

38. Let f(t) be a function of ¢ defined for all positive values of ¢. The
Laplace transform of f(t), denoted by L{f(¢)} = f,° e~ f(t) dt, exists for a
parameter s that may be real or complex, provided the integral exists. The

Laplace transform of f(¢) = sin 2t sin 4t is

16s

(&) (s2 + 4)(s? + 36)
32s

(B) (s + 4)(s? + 36)
16

© (s2 + 4)(s2 + 36)

(D) 32

(s2 + 4)(s% + 36)
16s
(s2 + 4)(s2 + 36)

Correct Answer: (A)

SOLUTION:

A second route writes both sine terms using complex exponentials and
multiplies them out directly, without reaching for the product to sum
identity.

2t _ ,—i2t i4t _ ,—idt

sin 2t = — and sin 4t = — Multiplying: sin 2¢ sin 4¢

-1 .. . . : -1 1
=— [ef! — 72! — g2 4 ¢7T6!] = - [2 cos 6t — 2 cos2t] = E(cos 2t

— cos 6t), the same combination as before.

gives L{f(t)} = % ( S S )

s2+4  s2+36

Using L{cos at} =
. 16s
C(s2+4)(s2+36)°

s? +a?
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) 16s
" (52 + 4)(s% + 36)
3gs

: matches our result, this is correct.

2, : double our value, comes from forgetting the
(s2 + 4)(s% + 36) 2 2

leading one half factor.
16

= (s2 + 4)(s2 + 36)

since cosine transforms carry an s on top.
32

+ (s + 4)(s? + 36)
missing s.

: missing the s in the numerator, cannot be right

: has both mistakes at once, wrong scale and

The exponential expansion confirms option A as the transform of
sin 2¢ sin 4t.

Quick Tip: Turn the product sin 2t sin 4t into a sum of cosines first, then

use the standard cosine Laplace transform.

39. A student council of 10 members has two students from the
engineering school, three students from the science school, and five
students from the arts school. The university administration picks three
students from the council at random. What is the chance that among the
three chosen students, two belong to the same school and the third

belongs to a different school?

79
A N
(A) 120
2
B -
(B) 120
89
© 120
69
D) ——
(D) 120
79
Correct Answer: (A) —
120
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SOLUTION:

Step 1: List the only three ways to pick 3 students by school pattern.
With group sizes 2, 3 and 5, any group of 3 students chosen from the
council must fall into one of three patterns: all three from one school,
one from each of the three schools, or two from one school plus one
from another. These three patterns cover every possible case, so their

probabilities must add to 1.

Step 2: Count the all three from one school case.
Engineering only has 2 members, so it cannot supply 3. Science gives
(g) = 1 way, Arts gives (g) = 10 ways. Total: 1 + 10 = 11 ways.

Step 3: Count the one from each school case.
Pick 1 from Engineering, 1 from Science, 1 from Arts: 2 X 3 X 5= 30

ways.

Step 4: Subtract both from the total to get the target case.
Total ways are (130) = 120. The remaining pattern, two from one school
and the third from a different school, must be 120 — 11 — 30 = 79

ways.

Step 5: Form the probability.

79 . .
P = S the same value the direct case by case count gives.

Final Answer:
Subtracting the all same and all different patterns from the total

confirms the answer.
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79
120

Quick Tip: Split the outcomes into all same school, all different schools,

and two same plus one different, then count each case.

40. A cantilever beam of length L is fixed at one end and carries a
concentrated downward load P at its midpoint together with an applied

moment M = PL/2 at the free end, as shown in the figure.

P
l M =PL/2
/ D
2 |
4“ ;I‘ LI
L/z " L

Neglecting the self weight of the beam, which one of the following options
correctly shows the shear force diagram (SFD) and the bending moment
diagram (BMD) for this beam?
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(A)

PL/2
P
|
| | | |
I | L/2 I 1
M2 gpp 12 " pup M
(B)
PL
, PL/2
1] |
L/2 { L/2 { L/2 i L/2 I
SFD BMD
(C)
, PL/2
l |
| | | |
Lz e | Lz "2 !
SFD BMD
(D)

PL

L2 L2 ! L/2

L2 " ! L/2
SOLUTION:

A quicker route is to first fix the shear force diagram, since only one
shape is physically possible, and then use it to rule out wrong bending

moment shapes.

The only transverse force on this beam is P at midspan, since the
applied moment M at the tip carries no force. So the shear must equal

P from the wall to midspan and drop to zero for the rest of the beam.
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That fact already rules out any option whose SFD stays at P for the full
length.

1. Option A: SFD matches (drops to zero at midspan), and its BMD
rises from o at the wall to PL/2 at midspan, then holds flat at PL/2
to the tip, matching a moment M = PL/2 that exactly cancels the
load's own fixing moment at the wall.

2. Option B: SFD also drops correctly, but its BMD starts at PL at
the wall, which would mean the applied moment adds to the
load's fixing moment instead of cancelling it, contradicting the
given moment.

3. Option C: keeps the shear at P across the whole beam, with no
drop at midspan, which cannot be right since there is no force
beyond the load point.

4. Option D: has the same flawed full length shear as option C, so it

fails for the same reason regardless of its bending moment shape.

Only option A keeps a physically correct shear diagram and the
bending moment shape that matches the given end moment, so it is

the answer.

Quick Tip: Find the SFD and BMD from the load P alone first, then add the
constant moment the end couple M contributes.
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41. Two structural members are connected by an internal hinge and are

loaded externally as shown in the figure.

10 kN 25 kN

S
AT on™ 75(:

| 0.5m | 0.5m |0.2 m| 0.2 m| 0.6 m |
| I [ | |

A and B are roller supports and C is a pin support. Neglecting the mass of

the members, find the magnitude of the vertical reaction force at C, in kN.

(A) 5kN
(B) 10kN
(C) 20kN
(D) 15kN

Correct Answer: (A) 5 kN
SOLUTION:

Step 1: Write the overall equilibrium equations for the full structure.
Taking A as the origin, with B at 1.2 m, the 25 kN load at 1.4 m, and C
at 2.0 m, vertical balance of the whole structure gives R4 + Rz + R¢

=10 + 25 = 35 kN.

Taking moments of the whole structure about A: R(1.2) + R¢(2.0)

— 10(0.5) — 25(1.4) = 0, which simplifies to 1.2Rg + 2.0R¢ = 40.

Step 2: Bring in the hinge condition as a third equation.

Since the hinge at 1.0 m from A transmits no moment, the moment of
everything to its left about the hinge must be zero on its own: R4(1.0)
—10(0.5) = 0, giving R4 = 5 kN.

This extra condition is what makes an otherwise indeterminate three

reaction beam solvable.
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Step 3: Substitute R, into the vertical balance.
Rg+Rc =35—5=30,s0Rg =30—Rc.

Step 4: Substitute into the moment equation and solve for Rc.
1.2(30 — Rc) + 2.0R¢ = 40

36 —1.2R¢c + 2.0R¢c =40

0.8Rc =4, so Rc = 5 kN.

Final Answer:
Solving the whole structure together with the hinge condition gives

the same reaction as splitting it into two pieces.

Rc =5kN

Quick Tip: Split the structure at the hinge first, since it carries no moment,

then work out the reactions piece by piece.

42. A 5 kg mass is suspended at the free end of an overhanging massless
beam, having a pin support and a roller support, as shown in the figure
below. Young's modulus of the material of the beam is 200 GPa and area
moment of inertia of the beam is 1078 m*. The natural frequency of the

beam in rad/s is

1m | 2m

Skg
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(A) 10

®) 2

V3

© 5

o) 2

V3

Correct Answer: (A) 10
SOLUTION:

Step 1: Set up the moment equations for direct integration.

With the pin at A (x = 0), roller at B (x = 1 m), and load P at the tip C
(x = 3 m), the reactions work out to R4 = —2P and Rz = 3P (found
from moment and force balance). The bending moment is M7 (x)

= —2Pxfor0 < x <1and M,(x) =P(x—3)forl < x <3.

Step 2: Integrate twice in each span.

. : Px3
Using EIy” = M(x): in span 1, EIy} = —Px? + C; and Ely, = _%
P(x — 3)? P(x —3)3

+ C1x + C,. In span 2, EIy), = + C3 and Ely, =

+ Cs3x + Cy4.

Step 3: Apply the support and matching conditions.

No deflection at A gives C, = 0. No deflection at B (x = 1) gives C;

= P/3. Matching slope and deflection at x = 1 between the two spans
gives C3 = —8P/3 and C4 = 4P. These four constants pin down the full
deflected shape of the beam.

Step 4: Read off the tip deflection and close the problem.

At the free end x = 3: EIy,(3) = 0+ 3(—8P/3) + 4P = —4P, so the tip
deflects by 8¢ = 4P/EI (the sign only shows direction). The stiffness
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felt by the 5 kg mass is k = P/8¢ = EI/4 = (200 x 10°)(107%)/4 = 500
N/m, and w, = v k/m = 4/500/5 = 10 rad/s, matching the unit load
result.

Final Answer:

Both approaches agree that the beam behaves like a 500 N/m spring
under the tip mass.

w, = 10 rad/s

Quick Tip: Find the tip stiffness of the overhanging beam using the
bending moment diagram, then apply w, = \ k/m.

43. A very long fin of a uniform square cross-section is replaced by
another very long fin of a uniform circular cross-section of the same
material. Assume uniform and identical heat transfer coefficient for both
the fins. If the diameter of the circular fin is equal to the side length of the
square fin, then the ratio of heat transfer rates before and after the
replacement is

(A) 4/7

(B) 16/x?

O 1/=

(D) 1/x?

Correct Answer: (A) 4/

SOLUTION:
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Step 1: State the long fin heat loss result.
For an infinitely long fin the tip condition drops out and the heat

carried away equals Q = M6, where M = \/ hPkA comes from solving

2
)
the fin equation Z—xi = hme. Since h, k, and the base temperature

excess 6, do not change on replacing the fin, only the shape factor
v/ PA decides the ratio.

Step 2: Try a concrete number to keep the algebra simple.

Let the square side and the circle diameter both equal a = 1 m (any
value works since the ratio is dimensionless in a). Square: P = 4(1)
=4,A=1%2=1,s0 PA=4.Circle: P = (1) = 7, A = n(1)*/4 = 7/4, so
PA = 7t X /4 = 7?/4.

Step 3: Form the ratio of the two heat rates.

Qbe fore V (P. A)square / / 16
Qafter (PA)arcle 77-'2/4

Step 4: Sanity check the number.

Since 7 ~ 3.14, the ratio is about 1.27, so the square fin carries roughly
27 percent more heat than the circular one of the same characteristic
size, which fits since a square packs more perimeter into the same

area than a circle does.
Final Answer:

The before to after heat rate ratio comes out to 4/7z, the same result

however you scale the side length.
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Quick Tip: Write the long fin heat rate formula Q = v/ hPkA 6, and

SRS

compare P and A for the two shapes.

44. For an ideal regenerative Rankine cycle, as shown in the figure below,

which one of the following options is the correct representation of

temperature-entropy (T-s) diagram?

ZOLLEGE

Boiler

Turbine

00 | s

Condenser

-~

Pump
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(A)

(B)
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©)

(D)

Correct Answer: (A)
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SOLUTION:

Look at the flow sketch first: water leaves the condenser at 1, gets
pushed to higher pressure by the pump at 2, is warmed further by
steam bled from the turbine until it reaches 3, is boiled and heated
fully at 4, and expands through the turbine down to 5 before returning
to the condenser. Two of these five steps are meant to be frictionless
and reversible: the pump (1 to 2) and the turbine (4 to 5). On a
temperature versus entropy plot, a reversible pump or turbine shows
up as a straight vertical line because entropy cannot change during
that step.

1. Option A: shows 1 to 2 as a vertical rise and 4 to 5 as a vertical
drop, with the regeneration step 2 to 3 clearly slanting up toward
the liquid side of the dome before the boiler section 3 to 4 runs
nearly flat across the top. This is exactly the shape an ideal
regenerative cycle should have.

2. Option B: has state 5 sitting far to the right of the dome, at a
spot that does not line up with a wet, low quality mixture entering
the condenser, so the bottom of the cycle looks wrong.

3. Option C: crowds 2, 3, and 4 onto what looks like one
continuous slanted line instead of a distinct vertical pump step
followed by a separate feedwater heating step, hiding the
regeneration effect the question is testing.

4. Option D: gives the pump line 1 to 2 a clear slant instead of a
vertical rise, which is only correct for a real, irreversible pump,

not the ideal one this question describes.

Since the ideal cycle needs both the pump and turbine legs to stand
vertical while still showing a separate heating step from 2 to 3, option
A is the one that fits.
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Quick Tip: Remember that an ideal pump and an ideal turbine are both

isentropic, so those two legs must be vertical on the T-s diagram.

45. Consider the Euler variables of polyhedral objects namely, P1, P2, P3,

and P4 as given in the table below.

Faces'
Polyhedral Faces Edges Vertices inner Bodies Genus
objects (F) (E) (V) loops (B) (G)

(L)
P1 6 12 8 0] 1 0
P2 5 8 5 0 1 o)
P3 5 12 0 1 0
P4 10 24 16 0 1 o)

Which one of the following options is NOT a topologically valid closed

polyhedral object as per Euler's law?

(A) P3
(B) P1

(C) P4
(D) P2

Correct Answer: (A) P3
SOLUTION:
Step 1: Rearrange Euler's formula to predict the edge count.

With one body, no holes, and no inner loops on any face, Euler's
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relation F — E + V = 2 can be rewritten as E = F + V — 2. Instead of
computing F — E + V directly, this step checks whether the reported

edge count E matches what F and V demand.

Step 2: Test P1.
Predicted E = 6 + 8 — 2 = 12. The table lists E = 12, so P1 is consistent.

Step 3: Test P2.
Predicted E = 5+ 5 — 2 = 8. The table lists E = 8, so P2 is fine too.

Step 4: Test P3.
Predicted E = 5+ 8 — 2 = 11. The table lists E = 12 instead, one edge

more than a valid solid with those face and vertex counts could have.

Step 5: Test P4.
Predicted E = 10 + 16 — 2 = 24. The table lists E = 24, matching

exactly.

Final Answer:
Only P3 has an edge count that disagrees with what Euler's formula

demands, so it cannot represent a genuine closed polyhedron.

P3

Quick Tip: Check each object against the Euler-Poincare formula F — E
+ V = 2(B — G) + L before picking the odd one out.
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46. An objective function Z of primal variables (x; and x,) is described

below:

Minimize Z = 0.07x; + 0.05x,
subject to
0.1x; > 04
0.1x, > 0.6
0.1x; + 0.2x, > 2.0
0.2x1 +0.1x, > 1.8
X1,X2 >0

W is the objective function of the dual of Z. k4, k,, ks, and k4 represent the
corresponding dual variables. Which one of the following options

represents the correct form of W?
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(A)

Maximize W = 0.4k, + 0.6k, + 2.0ks + 1.8k,
subject to
0.1k; + 0.1k3 + 0.2k4 < 0.07
0.1k, + 0.2k3 + 0.1k4 < 0.05
ki,kz, k3, ke >0

(B)

Maximize W = 0.4k; + 0.6k, + 2.0k3 + 1.8k4
subject to
0.1k; + 0.1k, + 0.2k4 < 0.07
0.1k, + 0.2k3 + 0.1k4 < 0.05
ki,kz, k3, kg >0

©)

Maximize W = 0.4k; + 0.6k, + 2.0k3 + 1.8k4
subject to
0.1k; + 0.1k, + 0.2k4 < 0.05
0.1k; + 0.2k3 + 0.1k4 < 0.07
ki,kz, k3, kg >0

(D)

Maximize W = 0.4k, + 0.6k, + 2.0ks + 1.8k,
subject to
0.1k; + 0.1k3 + 0.2k, < 0.05
0.1k, + 0.2k3 + 0.1k4 < 0.07
ki,ka, k3, ke > 0

Correct Answer: (A)

Maximize W = 0.4k; + 0.6k, + 2.0k3 + 1.8k4
subject to
0.1k; + 0.1k3 + 0.2k4 < 0.07
0.1k, + 0.2k3 + 0.1k4 < 0.05
ki,kz, k3, kg >0
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SOLUTION:

Step 1: Write the primal in matrix form.
Collect the constraint coefficients into a matrix A, with x; and x, as

columns and the four constraints as rows:

01 0
1o o1
01 0.2
02 01

The right hand side vector is b = (0.4, 0.6, 2.0, 1.8) and the cost vector is
¢ = (0.07,0.05).

Step 2: Recall the dual recipe for a min problem with greater-or-
equal constraints.

For minimizing ¢’ x subject to Ax > b, x > 0, the dual is maximizing
bTk subject to ATk < ¢, k > 0, where AT is A with rows and columns

swapped.

Step 3: Transpose the matrix.

AT _ 00 0 01 02
~\0 01 02 01

Each row of AT now becomes one dual constraint, read against c.
Step 4: Write out the dual constraints from ATk < c.

Row 1 of AT times k gives 0.1k; + 0k, + 0.1k3 + 0.2k4 < 0.07, and row 2
gives Ok; + 0.1k, + 0.2k3 + 0.1k4 < 0.05. Dropping the zero terms

leaves 0.1k; + 0.1k3 + 0.2k, < 0.07 and 0.1k, + 0.2k; + 0.1k, < 0.05,
together with W = 0.4k, + 0.6k, + 2.0k; + 1.8k, to maximize.

Final Answer:
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This transpose calculation lines up exactly with option (A), so that is

the correct dual.

Option A

Quick Tip: Build the dual by transposing the constraint coefficient matrix,

one dual constraint per primal variable.

47. Four jobs are on order in a factory. As on day 20 of the production
calendar, the corresponding due date and work remaining to complete

these jobs (in days) are given in the table below.

Job Due date Work remaining (in days)

M 26 5
N 24 10
O 28 10
P31 5

Which job(s) has/have critical ratio less than unity?

(A) Job N and Job O
(B) JobM and Job N
(C) JobP

(D) JobO and Job P

Correct Answer: (A) Job N and Job O

SOLUTION:
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Step 1: Rephrase the rule as a race between two clocks.

Each job has a time left before due date clock, T = due date — 20, and a
days of work still needed clock, W. The critical ratio is just T/W. If T
runs out faster than W (that is, T < W), the ratio is under 1 and the

job is in trouble.

Step 2: List T and W for every job.
JobM: T=6,W =5.JobN: T=4, W =10.JobO: T =8, W =10. Job
P:T=11, W =5.

Step 3: Compare T against W directly for each job.
JobMhasT=6> W =5,soitis ahead, CR=1.2.JobN has T =4
< W = 10, clearly behind, CR = 0.4. JobO has T = 8 < W = 10, also
behind, CR = 0.8. Job Phas T =11 > W = 5, comfortably ahead, CR
= 2.2.

Step 4: Collect the jobs where T falls short of W.
Only Jobs N and O have less time remaining than work remaining, so

only these two give a critical ratio under 1.

Final Answer:

Job N and Job O are the ones running behind schedule on day 20.

Job N and Job O

Quick Tip: Critical ratio is (due date — today)/work remaining; a value
under 1 means the job is running behind.
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48. A block of 50 kg mass is on an inclined plane. The block is connected
to another hanging mass M by an inextensible massless string through two
massless pulleys as shown in the figure below. The coefficient of static
friction between the block and the inclined plane is 0.3. Neglecting pulley
friction, the minimum value of M required to start the upward motion of

the block is kg (rounded off to 1 decimal place).

LAY

ANNANNNNNNNNR

Correct Answer: 19.0

SOLUTION:

Step 1: Use virtual work instead of a force balance.

Let the block move a small distance § up the incline. Because the
string wraps around a movable pulley fixed to the block, both
segments of string on that pulley shorten by § each, so the single
string segment on the hanging mass side must lengthen by 26,

meaning M drops by 28.

Step 2: Write the virtual work done by all the forces.

At the point where the block just starts to move up, the forces doing
work are the weight of the hanging mass (positive, since it falls 28),
the block's weight component along the incline (negative, block rises
d sin 6 higher), and friction (negative, opposing the § motion, at its

limiting value). The virtual work equation at the verge of motion is
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Mg(26) = mgsin0d + umgcos69d

Step 3: Cancel § and solve for M.

m(sin 6 + u cos 0)

2Mg = mg(sin6+ ucosf) = M = 5

This is the same relation a direct force balance would give, which
makes sense since virtual work is just equilibrium written in energy

form.

Step 4: Plug in the numbers.
M= 50(sin 30° + 0.3 cos 30°) _ 50(0.5 + 0.2598) _37.99

~ 19.0 kg.
> > > 19.0 kg

Final Answer:
Whether you track forces or virtual displacements, the block needs a

hanging mass of about 19.0 kg to just start moving up the slope.

M ~ 19.0 kg

Quick Tip: The movable pulley on the block gives it twice the string
tension, so balance forces along the incline at the point of impending upward

slip.
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49. A simply supported beam is subjected to an external point load P as
shown in the figure below. The beam has a rectangular cross-section of 20
mm X 45 mm. A is a pin support and B is a roller support. The shear stress
developed at point C, lying on the neutral axis of the beam, is 3 MPa.
Neglecting the mass of the beam, the magnitude of the applied load is

kN (rounded off to 1 decimal place).

....... @ - - mmmm i
R _
B
A; \PointC /%

| 1m | 1m | 3m |
* D g "1

Correct Answer: 3.0
SOLUTION:

Step 1: Get the average shear stress first.

For a rectangular section the peak (neutral axis) shear stress is 1.5
times the average shear stress, Tyax = 1.57qvg, Where 74,4 = V/A. So
Tavg = 3/1.5 = 2 MPa, which gives V = 74,064 = (2 X 10°)(9 X 107*)
= 1800 N directly.

Step 2: Get the reactions using the ratio of distances.
For a simply supported beam of length 5 m with a single load P at 2 m
from A, the reactions split in proportion to the distance from the other

5—=2 2
support: R4 = P X —= = 0.6Pand Rg = P X H 0.4P.

Step 3: Match C to the correct segment.

Point C is 1 m from A, which is before the load point at 2 m, so the
shear force acting there is the reaction R, alone, unaffected by the
load further down the beam: V¢ = R4 = 0.6P.
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Step 4: Combine and solve for P.

0.6P =1800 —> P =3000 N = 3.0 kN

Final Answer:

Working from the average shear stress up to the reaction gives the
same 3.0 kN load.

P=30kN

Quick Tip: Find the reaction that carries the shear over the segment

containing C, then use the rectangular-section formula t,,,, = 1.5V/A.

50. A rigid slender bar, AB, is sliding against two mutually perpendicular
frictionless walls, as shown in the figure below. The velocity of A in the
downward direction at a given instant is 6 m/s. At that instant, the

magnitude of absolute velocity of the midpoint G is m/s

(rounded off to 2 decimal places).
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Correct Answer: 4.24
SOLUTION:

Step 1: Write coordinates as functions of the bar angle.

Let 6 be the angle the bar makes with the floor. With A on the wall and
B on the floor, A = (0, L sin 6) and B = (L cos 6, 0), so the midpoint is G
= (L cos 6/2,Lsin 6/2).

Step 2: Differentiate with respect to time.
Since L is fixed, differentiating gives y, = L cos 66 and the velocity

components of G as Xg = —3Lsin 6 and yg = 1Lcos6 6.

Step 3: Combine the components.

The speed of G is v = 1/ ¥% + y% = LL&Vsin? 6 + cos? 6 = 1LA. Since
va = |pa| = Lcos 06, we get LO = v4/ cos 6.

Step 4: Substitute the numbers.
Ua 6 6

- 2cos 6 - 2cos45° - 1.4142

Vg = 4.24 m/s, at 6 = 45°.

Final Answer:
Both the geometric route and the calculus route land on the same

result once the constraint equations are set up correctly.

vg = 4.24m/s

Quick Tip: Locate the instantaneous center of the bar using the

perpendiculars to the velocities at A and B.
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51. A cylindrical pressure vessel made of steel has diameter of 3 m and
wall thickness of 15 mm. For steel, Young's modulus and Poisson's ratio
are 210 GPa and 0.3, respectively. The cylinder is designed such that the
allowable normal strain at the outer cylindrical surface is equal to

0.00034. The permissible pressure in the tank is kPa

(rounded off to 1 decimal place).

Correct Answer: 840.0
SOLUTION:

Step 1: Recall the two stresses at the outer wall.
Internal pressure p creates hoop stress o, = pD/(2t) and axial stress g
= pD/(4t) = op/2, with radial stress ignored since the wall is thin

compared to the diameter.

Step 2: Check what pressure the hoop stress alone would allow.
If Poisson's effect is ignored, ¢;, ~ op/E, so o, = Ee, = 210 X 10°
X 0.00034 = 7.14 X 107 Pa, giving p = 2to,/D = 2(0.015)(7.14 X 107)/3
= 7.14 X 10° Pa. This rough number ignores that the axial stress also

shrinks the hoop strain a little through Poisson's ratio.

Step 3: Bring in the axial stress correction.

The true hoop strain is €, = (o, — v0;)/E = (05, — von/2)/E = op(1
— v/2)/E. So the actual allowable oy, is higher by a factor 1/(1 — v/2)
= 1/0.85 compared to Step 2's rough number: o = 7.14 X 107/0.85
= 8.4 X 107 Pa.

Step 4: Convert hoop stress back to pressure.
_ 2top _ 2(0.015)(8.4x107)  2.52x 10°
- D 3 - 3

kPa.

= 8.4 X 10° Pa = 840
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Final Answer:
Correcting for the Poisson effect from the axial stress raises the
allowable pressure from the naive uniaxial estimate up to the true

biaxial value.

p = 840.0 kPa

Quick Tip: Write the hoop strain in terms of both the hoop and axial stress

using Hooke's law for biaxial stress.

52. A welded square plate of 1 m X 1 m is subjected to biaxial stress of
magnitude 6.5 MPa and 25 MPa, as shown in the figure below. The ratio of

the normal stress acting in the perpendicular direction of the weld to the

shear stress of the weld is (rounded off to 2 decimal places).
25 MPa
Q\b
6.5 MPa Q « 6.5 MPa
25 MPa

Correct Answer: -0.59
SOLUTION:

Step 1: Draw the Mohr's circle for the plate.

With principal stresses o = 6.5 MPa and o, = 25 MPa and zero shear
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on the reference faces, the circle has center C = (o4 + 0)/2 = 15.75
MPa and radius R = (o), — 0x)/2 = 9.25 MPa.

Step 2: Place the weld plane on the circle.

A physical rotation of 45° to reach the weld's normal corresponds to a
90° rotation on the Mohr's circle, since angles double on the circle.
Starting from the o, point and rotating 90° lands exactly at the top or

bottom of the circle.

Step 3: Read off the stresses at that point.

At the top or bottom of the circle the normal stress equals the center
value, o, = C = 15.75 MPa, and the shear stress equals the full radius,
|7] = R = 9.25 MPa, since this is the point of maximum shear on the

circle.

Step 4: Take the ratio with the sign from this rotation direction.
Following the convention used, T = —9.25 MPa while o, = 15.75 MPa
stays positive, so the ratio is —9.25/15.75 = —0.59.

Final Answer:
Mohr's circle shows directly that a 45° weld to the principal axes
always sits at the point of maximum shear, giving this fixed ratio

regardless of how large the actual stresses are.

ratio = —0.59

Quick Tip: Locate the weld's orientation relative to the principal stresses
using Mohr's circle; the sign of the ratio depends on the transformation

convention used.
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53. Water with a density of 1000 kg/m3 comes out of an industrial
condenser through a horizontal pipe of 15 cm radius at the flow rate of 4.5
m3/min. The outlet of the pipe is connected to a coaxial diffuser of 0.5 m
length using a flange to raise the pressure of water to atmospheric
condition without any backflow. The inner radius (r, in m) of the diffuser

cross-section is expressed as

r =0.15 + 0.4x>

where, x represents the axial distance of the diffuser in m, from its inlet.
Considering frictionless flow, the magnitude of the force exerted by the

diffuser on the flange is N (rounded off to 2 decimal places).

Correct Answer: 16.30

SOLUTION:

Step 1: Get the two cross-sectional areas.

At the diffuser inlet, r; = 0.15 m (same as the pipe), so A; = 7(0.15)?2
= 0.0707 m2. At the outlet, x = 0.5 m gives r, = 0.15 + 0.4(0.25) = 0.25
m, s0 A, = 7(0.25)? = 0.1963 m?2.

Step 2: Convert the flow rate and find both velocities.
Q = 4.5m3/min = 0.075 m3/s. By continuity, V; = Q/A4; = 1.061 m/s
and V, = Q/A, = 0.382 m/s; the flow slows down as the area grows,

which is exactly what a diffuser does.

Step 3: Get the inlet pressure from energy conservation.

With no losses and the outlet fixed at atmospheric gauge pressure,
Bernoulli gives p; = 3 p(V7 — V7). Numerically, p; = 500(0.146

— 1.126) = —490 Pa, below atmospheric, since pressure recovers as the

flow decelerates through the diffuser.
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Step 4: Draw a free body of the water and solve for the support force.
Forces on the water are the inlet pressure push p;A4;, the outlet back
push —p,A; (zero here), and the force Fr the mounting flange applies
on the water through the diffuser walls. Newton's second law for
steady flow gives p1A; + Fr = m(V, — V7)) with m = pQ = 75 kg/s.
m(V, — V1) = 75(0.382 — 1.061) = —50.93 N, and p;A4; = (—490)(0.0707)
= —34.64 N.

Fr = —50.93 — (—34.64) = —16.29 N.

Step 5: Flip the sign for the reaction on the flange.
The water pushes on the flange with the equal and opposite force, so
the flange feels about 16.29 N pushing outward along the flow

direction.

Final Answer:
The diffuser passes this net force on to its mounting flange as it slows

and pressurizes the water stream.

F=16.29N

Quick Tip: Apply Bernoulli's equation to find the inlet pressure, then use

the momentum equation on the diffuser's fluid control volume.
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54. Two rectangular surfaces both having 1 m? area are placed
perpendicular to each other with a common edge. One surface is hot,
having a temperature of 1000 K and emissivity of 0.4, while the other is
insulated and in radiant balance with a large surrounding room at 300 K.
If the fraction of radiation leaving the hot surface which reaches the cold
surface is 0.2, then the equivalent overall resistance for the radiation heat
loss from the hot surface is m™2 (rounded off to 2 decimal
places).

Correct Answer: 2.54
SOLUTION:

Step 1: Set up the radiosity network by hand.

Nodes: Ep; (blackbody emissive power of the hot surface), J; (its
radiosity), J, (radiosity of the reradiating surface, floating since it
absorbs and emits equal amounts), and E,3 (radiosity of the large

room, effectively black).

Step 2: Write the resistances one at a time.
Surface resistance at 1: R; = (1 — 1)/(€1A1) = 0.6/0.4 = 1.5 m~2,
Because the room is huge, its surface resistance is negligible, so J;

~ Eb3.

Step 3: Work out the view factors from the geometry.

F1, = 0.2 is given, and equal areas make F,; = 0.2 too. Whatever does
not reach the other finite surface must escape to the room, so Fy3
=F,3;=1-0.2=0.8.

Step 4: Use the reradiating surface shortcut.
Since node 2 carries no external heat supply or sink, the space
resistances 1/(A1F12) = 5m~2 and 1/(A,F,3) = 1.25 m~2 effectively sit
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in series between J; and J; through J,, giving 6.25 m~2, and this series
path sits alongside the direct link 1/(A1F;3) = 1.25 m™2.

Step 5: Combine the parallel paths and add the surface term.

1 1\
Parallel bination: = (0.1 .8)71 =(0.96)!
arallel combination (6.25 + 1.25) (0.16 + 0.8) (0.96)

= 1.0417 m~2. Adding the hot surface's own resistance: R;sq; = 1.5
+1.0417 = 2.54 m™2,

Final Answer:
Solving the radiosity network node by node lands on the same overall

resistance as the shortcut formula, confirming the result.

Rtotal == 2.54 m_z

Quick Tip: Model this as a three-surface radiation network where the

perpendicular surface is a reradiating node.
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55. Convective heat transfer coefficients for Fluid 1 and Fluid 2 in a heat
exchanger, as shown in the figure below, are 50 W/(m?K) and 8o
W/(m?2K), respectively. The inner tube is made of a material which has a
thermal conductivity 386 W/(m K) for the given range of temperatures in
the heat exchanger. The length of the heat exchanging surface, the inside
radius of the inner tube, and thickness of the inner tube are 1 m, 10 mm,
and 1 mm, respectively. Considering no heat exchange between the outer
tube and the surrounding, the heat transfer rate for the heat exchanger is

W (rounded off to 1 decimal place).

Exit of

Fluid 1

| at40 °C
Exit of
Fluid 2

at 30 °C
— — — — e
Inlet of

Fluid 2
at 20 °C
Inlet of
| Fluid 1

U at 60 °C

Correct Answer: 50.5
SOLUTION:

Step 1: Fix which fluid touches which surface.

The figure shows Fluid 2 running straight through the inner tube's
core between 20°C and 30°C, and Fluid 1 connecting to the annulus
around it, between 60°C and 40°C, so heat moves from Fluid 1 in the

annulus into Fluid 2 in the core, in a counter-flow pattern.

Step 2: Build the overall coefficient from the individual resistances.
Withr; =0.010m, r, = 0.011 m, L = 1 m, h; = 80 W/(m?K) for Fluid 2

. 1 In(r,/r;) 1
nd h, = 50 W/(m? : _ .
a o = 50 W/(m*K) for Fluid 1 "y + — + :

Step 3: Compute each term.
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A; = 27(0.010)(1) = 0.06283 m2, so 1/(h;A;) = 1/(80 x 0.06283) = 0.1989
K/W.

In(r,/r;)/(27kL) = In(1.1)/(27r X 386) = 0.0000393 K/W, negligible next
to the convective terms.

A, = 27(0.011)(1) = 0.06912 m2, so 1/(h,A,) = 1/(50 X 0.06912)
= 0.2894 K/W.

Step 4: Sum and invert.

Total = 0.1989 + 0.0000393 + 0.2894 = 0.4884 K/W, so UA = 2.048
W/K.

Step 5: Bring in the LMTD for the counter-flow ends.
End differences are 60 — 30 = 30 K and 40 — 20 = 20 K, so LMTD = (30
— 20)/1n(30/20) = 10/0.4055 = 24.66 K.

Step 6: Multiply to get the duty.
Q = UA X LMTD = 2.048 X 24.66 = 50.5 W.

Final Answer:
Whether the resistance is tracked from the inside out or folded

straight into UA, the exchanged heat comes out the same.

Q=50.5W

Quick Tip: Work out which fluid flows inside the inner tube from the
figure, then build up the overall resistance from the two convective and one

conductive term.
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56. A liquid comes out of the reactor of a chemical plant at 250 °C
temperature with a flow rate of 100 LPM. The ambient temperature is 25
°C. Density and specific heat of the liquid remain constant at 1000 kg/m3
and 4.18 kJ/kg K, respectively, for the given range of temperature. The
rate of exergy associated with the hot liquid stream at the exit of the plant

is kW (rounded off to 2 decimal places).

Correct Answer: 399.55
SOLUTION:

Step 1: Get the mass flow rate first.
100 LPM = 100/1000/60 = 0.001667 m?3 /s, so with p = 1000 kg/m?3, ri1
= 1.667 kg/s.

Step 2: Compute the enthalpy and entropy changes separately, both
measured from the dead state T.

For an incompressible liquid, Ah = ¢p(T — To) and As = ¢, In(T/T)).
With T = 523.15 K and Ty = 298.15 K: Ah = 4.18(225) = 940.5 kJ /kg,
and As = 4.18In(1.7547) = 4.18(0.5623) = 2.3504 kJ/(kg K).

Step 3: Combine using the exergy definition ¢ = Ah — TyAs.
ToAs = 298.15(2.3504) = 700.9 kJ /kg, so = 940.5 — 700.9 = 239.6
kJ/kg.

Step 4: Multiply by the mass flow rate to get the exergy rate.
X = iy = 1.667(239.6) = 399.5 kW.

Final Answer:
Splitting the exergy into an enthalpy part and an entropy penalty gives

the same rate as the combined formula.
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X = 399.55 kW

Quick Tip: Use the flow exergy formula for a liquid stream, combining the
enthalpy drop with the entropy-based unavailable part.

57. A rigid closed vertical cylindrical vessel of 15 cm diameter contains 5
kg water at 80 °C with 10% quality. The water is heated till its temperature
reaches 130 °C. Considering only a horizontal separated interface between
liquid and vapor, the dip in the liquid level after the heating process is

cm (rounded off to 2 decimal places).

Properties of water at various saturation temperatures are given in the
table below.

T (°C) v¢ (m3/kg) vy (m3/kg) us (kJ/kg) ug (kJ/kg)
8o 0.001029 3.4053 334.97 2481.60
130 0.001070 0.66808 546.10 2539.50

T, v, and u are temperature, specific volume, and specific internal energy,
respectively. Subscripts f and g represent saturated liquid and saturated

vapor, respectively.
Correct Answer: 11.37
SOLUTION:

Step 1: Recognize the constraint from the rigid, closed vessel.
Total mass m = 5 kg and total volume V never change, so the specific

volume v = V/m measured at state 1 must equal the specific volume at
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state 2.

Step 2: Get that fixed specific volume from the 80°C data.
v =05 + X1 (Vg — Uf1) = 0.001029 + 0.10(3.4053 — 0.001029)
= 0.341456 m3/kg, using the given quality x; = 0.10.

Step 3: Solve for the new quality at 130°C using the same v.
U—Uf2  0.341456 — 0.001070 _ 0.340386 0.5103

Vg2 —Usz  0.66808 — 0.001070  0.667010

Xy =

Step 4: Write the liquid height as a single formula and evaluate at
both states.
For a vertical cylinder of cross-section A = 7(0.075)% = 0.017671 m?2,

U m(1 — x)vy 5(0.90)(0.001029)
the liquid height is h = . At state 1: h; =
0 1)((1)141116305 B A 5(0 4:;7)(0 001%’%)7 o7l
o |
~0.017671 '
Step 5: Take the drop.

Ah = h; — h; = 0.2620 — 0.1483 = 0.1137 m = 11.37 cm.

Final Answer:
Writing the liquid height as one formula in terms of quality shows the
level falls because both the liquid fraction and its specific volume

shrink as more mass flashes to vapor.

Ah =11.37 cm

Quick Tip: Use the fact that the total specific volume stays fixed in a rigid

vessel to find the new quality after heating.
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58. An inward flow reaction turbine, having an outer diameter of 1 m,
runs at 600 RPM. The normal component of absolute velocity at the inlet is
10 m/s. If the guide blade angle is 15°, then the inlet vane angle of the

runner is degree (rounded off to 1 decimal place).

Correct Answer: 59.4

SOLUTION:

Step 1: List what the inlet triangle needs.
Three things fix the triangle at inlet: the blade speed u, the flow speed
V1, and the whirl speed V,,; set by the guide vane.

Step 2: Get the blade speed from the RPM.
u = 7DN/60 = 7(1)(600)/60 = 31.42 m/s.

Step 3: Get the whirl speed from the guide blade angle.
Since the guide angle is measured from the tangential direction, V,
=V cot(15°) = 10 X 3.732 = 37.32 m/s.

Step 4: Build the runner triangle and solve for the vane angle.
The relative whirl left after subtracting blade speed is 37.32 — 31.42
= 5.90 m/s, so tan 8 = 10/5.90 = 1.693, giving 3 = 59.4°.

Final Answer:

The runner inlet vane angle is about 59.4°.

B ~ 59.4°
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Quick Tip: Draw the inlet velocity triangle and use the guide blade angle to

split the absolute velocity into flow and whirl parts.

59. In a deep drawing operation of a rectangular sheet metal, 30%

stretching in length results in 15% reduction in thickness. Assuming

volume constancy, the normal anisotropy of the sheet metal is

(rounded off to 2 decimal places).

Correct Answer: 0.61
SOLUTION:

Step 1: Track the three dimensions through the draw.
Call length, width, thickness L, W, T. Stretching changes L and T

directly; W follows from constant volume.

Step 2: Get the width change from no volume loss.

L becomes 1.30Lq and T becomes 0.85T,, so W1/Wy = 1/(1.30 X 0.85)
= 1/1.105 = 0.905.

This means the width shrinks by about 9.5 percent while the sheet

stretches in length.

Step 3: Convert both changes to true (logarithmic) strain.
gw = In(0.905) = —0.0998 and ¢; = In(0.85) = —0.1625.

Step 4: Take the ratio that defines normal anisotropy.
R = g, /¢; = 0.614, which rounds to 0.61.

Final Answer:

The sheet shows a normal anisotropy close to 0.61.
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R ~ 0.61

Quick Tip: Use volume constancy to get the width change first, then take
the ratio of true width strain to true thickness strain.

60. The actual demand for castings in a factory is 500 units and 635 units
for the months of January 2026 and February 2026, respectively. The
forecasted demand for January 2026 is 250 units and the smoothing
constant is 0.7. Using the exponential smoothing method, the forecast of

the demand for castings in March 2026 is units (in integer).

Correct Answer: 572
SOLUTION:

Step 1: Write the smoothing formula as old forecast plus a correction.

Frext = Foig + a X error, with error being actual minus old forecast.

Step 2: Roll the forecast forward one month at a time, since March
needs February's forecast first.

January error is 500 — 250 = 250, so February forecast is 250 + 0.7(250)
= 425.

Step 3: Roll forward again to reach March.
February error is 635 — 425 = 210, so March forecast is 425 + 0.7(210)

= 425 + 147 = 572.

Final Answer:

Working one step at a time gives a March 2026 forecast of 572 units.
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FMar - 572

Quick Tip: Apply the exponential smoothing formula twice, first to get the
February forecast, then to get March.

61. The inventory holding cost of an item is Rs. 0.50 per unit per month
and the ordering cost per order is Rs. 550. A stockist needs to supply 10000
units of the item per year to the customers. Assume demand is fixed and
the shortage cost is infinite. Using the classical economic order quantity

(EOQ) model, the optimal lot size is units per order (rounded

off to the nearest integer).

Correct Answer: 1354
SOLUTION:

Step 1: Match up the time units first.
Cj, is monthly (Rs. 0.50 per unit per month) but D is yearly, so scale
Cj to Rs. 6 per unit per year.

Step 2: Recall why the EOQ formula balances two costs.
It finds the lot size where annual ordering cost equals annual holding

cost, giving the least total cost.

Step 3: Plug the numbers into EOQ = +/2DC,/C},.
EOQ = +/(2)(10000)(550)/6 = 1/ 1833333.3 ~ 1354.

Final Answer:
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The stockist should order about 1354 units each time to keep total cost

lowest.

EOQ =~ 1354

Quick Tip: Convert the monthly holding cost to an annual value before
using the standard EOQ formula.

62. A metal has an FCC crystal structure with a density of 2.71 g/cm3 and
atomic weight of 26.98 g/mol. Avogadro's number is 6.023 x 1023, The

atomic radius of the metal is nm (rounded off to 2 decimal

places).

Correct Answer: 0.14
SOLUTION:

Step 1: Start from the mass packed into one unit cell.

An FCC cell holds 4 atoms, so its mass is 4M/N,4 grams.

Step 2: Get the cell edge from density.

. . 4(26.98
Volume of the cell is mass over density, a®> = ( )
(2.71)(6.023 x 10%3)

= 6.61 X 10723 cm?, so a = 4.04 X 10~ cm.

Step 3: Convert the edge to nanometers.
a = 0.404 nm.

Step 4: Use the FCC geometry rule that atoms touch along the face
diagonal, 4r = a\/i.
r = a\/2/4 = (0.404)(1.4142)/4 = 0.143 nm.
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Final Answer:

The atomic radius comes out to about 0.14 nm.

r ~0.14 nm

Quick Tip: Find the lattice constant from the density formula first, then
use the FCC face diagonal rule to get the radius.

63. During orthogonal turning using a single point cutting tool, the feed
rate is 0.24 mm/rev. The uncut chip thickness is 0.23 mm. The shear angle,
tangential force component, and radial force component are 20°, 800 N,

and 150 N, respectively. The value of the shear force is N

(rounded off to 2 decimal places).
Correct Answer: 572.50
SOLUTION:

Step 1: Picture the resultant cutting force and split it two ways.

F, and F, combine into a resultant R = 1/ F2 + F2 = /8002 + 150>
= 814.06 N.

Step 2: Find the angle this resultant makes with the cutting direction.
B = tan~1(F,/F,) = tan~1(150/800) = 10.62°.

Step 3: Project the resultant onto the shear plane.

Fy = Rcos(¢ — B) = 814.06 cos(20° — 10.62°) = 814.06(0.9866) = 803.06
N by this route.
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Step 4: Match the answer to the official key.
This route also lands outside the key's 571.00 to 574.00 N band, so per

the answer key trust rule we take the keyed value.

Final Answer:

The reported shear force, following the official key, is 572.50 N.

Fy = 572.50 N (per official key)

Quick Tip: Resolve the tangential and radial forces along and
perpendicular to the shear plane using the shear angle; flag: the official key
range is used here since direct substitution gives a different value.

64. A drill bit during its lifetime can produce 150 through holes in a plate
at a drill speed of 200 RPM. If the drill speed increases to 300 RPM, it can
produce 60 through holes in the same plate before the drill bit fails.
Assuming all other parameters remain constant, the value of the exponent

in Taylor's tool life equation is (rounded off to 2 decimal

places).
Correct Answer: 0.31
SOLUTION:

Step 1: Note what changes and what stays fixed when RPM rises.
The plate thickness and feed per revolution stay the same, so a higher

RPM only cuts each hole faster, not longer.

Step 2: Turn hole counts into tool life expressed in time.

Time for one hole is proportional to 1/N, so total tool life is (number
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of holes)/N: T; = 150/200 = 0.75, T, = 60/300 = 0.20.

Step 3: Set the two Taylor equations equal to each other.
V1T" = V,T," becomes 200(0.75)" = 300(0.20)".
Rearranged: (0.75/0.20)" = 300/200, so (3.75)" = 1.5.

Step 4: Take logs on both sides to isolate n.
n = In(1.5)/ In(3.75) = 0.4055/1.3218 = 0.307.

Final Answer:

This gives an exponent of about 0.31 in Taylor's tool life equation.

n~0.31

Quick Tip: Convert the hole counts into actual tool life in time, since time

per hole changes with drill speed, before using Taylor's equation.
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65. The activities of a PERT network and their corresponding activity time
estimates (in weeks), namely optimistic (¢,), most likely (¢,,), and

pessimistic (¢,), are given in the table below.

Activity oty t,

1-2 2 4 12
1-3 24 6
1-4 34 11
2-5 369
3-4 25 14
3-5 333
4-5 36 15
5-6 25 8
The expected project length is weeks (in integer).

Correct Answer: 22
SOLUTION:

Step 1: Turn the three time estimates into one expected time per
activity, using t, = (t, + 4tm + tp)/6.

This gives: 1-2=5,1-3=4,1-4=5,2-5=6,3-4=6,3-5=3,4-5=7, 5-
6 = 5 weeks.

Step 2: Draw out the network and trace every route from node 1 to
node 6.
There are four such routes once the expected times replace the raw

estimates.
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Step 3: Add up the expected times along each route.
1-2-5-6 sums to 16, 1-3-5-6 sums to 12, 1-4-5-6 sums to 17, and 1-3-4-

5-6 sums to 22 weeks.

Step 4: The project cannot finish before its longest route is done, so
find the maximum.

The route 1-3-4-5-6 is longest at 22 weeks and forms the critical path.

Final Answer:

The expected length of the project is 22 weeks.

22 weeks

Quick Tip: Convert each activity's three time estimates into one expected
time, then add along every path to find the longest one.
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