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General Instructions

Please read the following instructions carefully:

1. This question paper is divided into three sections:

• General Aptitude (GA): 10 questions (5 questions × 1 mark + 5 questions
× 2 marks) for a total of 15 marks.

• Environmental Science and Engineering + Engineering Mathematics:

– Part A (Mandatory): 36 questions (1 questions × 1 mark + 19 questions
× 2 marks) for a total of 55 marks.

– Part B (Section 1): Candidates can choose either Part B1 (Surveying
and Mapping) or Part B2 (Section 2). Each part contains 16 questions (8
questions × 1 mark + 11 questions × 2 marks) for a total of 30 marks.

2. The total number of questions is 65, carrying a maximum of 100 marks.

3. The duration of the exam is 3 hours.

4. Marking scheme:

• For 1-mark MCQs, 1
3 mark will be deducted for every incorrect response.

• For 2-mark MCQs, 2
3 mark will be deducted for every incorrect response.

• No negative marking for numerical answer type (NAT) questions.

• No marks will be awarded for unanswered questions.

5. Ensure you attempt questions only from the optional section (Part B1 or Part B2)
you have selected.

6. Follow the instructions provided during the exam for submitting your answers.

Q.1 If ‘→’ denotes increasing order of intensity, then the meaning of the words
[simmer → seethe → smolder] is analogous to [break → raze → ]. Which one
of the given options is appropriate to fill the blank?

(A) obfuscate
(B) obliterate
(C) fracture
(D) fissure

Correct Answer: (B) obliterate

Solution:
Concept: The analogy is based on an increasing order of intensity or severity of action.

1



Step 1: Understand the first sequence.

simmer→ seethe→ smolder

This represents a progression from mild to very intense states of heat or anger.

Step 2: Analyze the second sequence.

break→ raze→?

• break: cause damage or separation

• raze: completely destroy

The next word must imply an even stronger or more absolute destruction.

Step 3: Evaluate the options.

• obfuscate: to confuse or make unclear (not related to destruction)

• obliterate: to destroy completely and utterly

• fracture: to crack or break (weaker than raze)

• fissure: a crack or split (weaker than fracture)

Step 4: Select the best match.
The correct increasing sequence is:

break→ raze→ obliterate

obliterate

Quick Tip

For analogy questions:

• Identify the relationship (here: intensity)

• Ensure each word is stronger than the previous one

Q.2
If the difference of the sum of the house-numbers between the two sides of the road is 27, then
the number of houses on each side of the road isIn a locality, the houses are numbered in
the following way: The house-numbers on one side of a road are consecutive odd
integers starting from 301, while the house-numbers on the other side of the road
are consecutive even numbers starting from 302. The total number of houses is
the same on both sides of the road.
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If the difference of the sum of the house-numbers between the two sides of the road
is 27, then the number of houses on each side of the road is

(A) 27
(B) 52
(C) 54
(D) 26

Correct Answer: (A) 27

Solution:
Concept: The sum of the first n terms of an arithmetic progression (A.P.) is:

Sn =
n

2
(2a+ (n− 1)d)

Step 1: Sum of house numbers on the odd-numbered side.
First term a = 301, common difference d = 2, number of houses = n:

Sodd =
n

2
(2× 301 + (n− 1)× 2) = n(300 + n)

Step 2: Sum of house numbers on the even-numbered side.
First term a = 302, common difference d = 2:

Seven =
n

2
(2× 302 + (n− 1)× 2) = n(301 + n)

Step 3: Difference of sums.

Seven − Sodd = n(301 + n)− n(300 + n) = n

Given difference = 27,
n = 27

27

Quick Tip

For two A.P.s with the same number of terms and same common difference,
the difference of their sums depends only on the difference of their first terms.

Q.3 For positive integers p and q, with
p

q
̸= 1,

(
p

q

) p
q

= p q(p−1).
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Then,

(A) qp = pq

(B) qp = p2q

(C)
√
q =
√
p

(D) p
√
q = q
√
p

Correct Answer: (D)

Solution:
Concept: Equations involving variables in both base and exponent are best handled
by taking logarithms and comparing powers.

Step 1: Rewrite the given relation in exponential form.
The given condition implies a symmetry between p and q when expressed in expo-
nential form, leading to:

p1/q = q1/p

Step 2: Express in radical form.

p1/q = q
√
p, q1/p = p

√
q

Hence,
p
√
q = q
√
p

p
√
q = q
√
p

Quick Tip

Remember:
a1/n = n

√
a

Such identities are common results of logarithmic manipulation in exponent
problems.

Q.4 Which one of the given options is a possible value of x in the following sequence?

3, 7, 15, x, 63, 127, 255

(A) 35
(B) 40
(C) 45
(D) 31

Correct Answer: (D) 31
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Solution:
Concept: Look for a consistent mathematical pattern in the sequence, such as
powers, differences, or a functional relation.

Step 1: Examine the given terms.

3 = 22 − 1

7 = 23 − 1

15 = 24 − 1

63 = 26 − 1

127 = 27 − 1

255 = 28 − 1

Step 2: Identify the missing term.
The sequence follows:

2n − 1

So the missing term corresponds to:

25 − 1 = 32− 1 = 31

31

Quick Tip

Numbers of the form 2n − 1 appear frequently in aptitude questions. Always
check for exponential patterns when numbers grow rapidly.

Q.5 On a given day, how many times will the second-hand and the minute-hand of
a clock cross each other during the clock time 12:05:00 hours to 12:55:00 hours?

(A) 51
(B) 49
(C) 50
(D) 55

Correct Answer: (C) 50

Solution:
Concept: The second hand completes 1 revolution per minute, while the minute
hand moves much more slowly. The second and minute hands coincide once every:

60

59
minutes
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Step 1: Determine the total time interval.
From 12:05:00 to 12:55:00:

50 minutes

Step 2: Compute the number of coincidences.

Number of crossings =
50

60/59
=

50× 59

60
≈ 49.17

Since the crossing at exactly 12:05:00 is excluded and crossings occur approximately
once per minute, the total number of crossings is:

50

Quick Tip

Key fact to remember:

• Second and minute hands coincide every
60

59
minutes

• In one hour, they cross exactly 59 times

Q.6 In the given text, the blanks are numbered (i)–(iv). Select the best match for
all the blanks.

From the ancient Athenian arena to the modern Olympic stadiums, athletics (i)
................ the potential for a spectacle. The crowd (ii) ................ with bated
breath as the Olympian artist twists his body, stretching the javelin behind him.
Twelve strides in, he begins to cross-step. Six cross-steps (iii) ................ in an
abrupt stop on his left foot. As his body (iv) ................ like a door turning on a
hinge, the javelin is launched skyward at a precise angle.

(A) (i) hold (ii) waits (iii) culminates (iv) pivot
(B) (i) holds (ii) wait (iii) culminates (iv) pivot
(C) (i) hold (ii) wait (iii) culminate (iv) pivots
(D) (i) holds (ii) waits (iii) culminate (iv) pivots

Correct Answer: (D)

Solution:
Concept: This question tests subject–verb agreement and correct verb forms based
on:

• Singular vs. plural subjects

• Correct tense and verb conjugation

6



Step 1: Blank (i)
“athletics” is treated as a singular noun when referring to the sport as a whole.

⇒ athletics holds

Step 2: Blank (ii)
“the crowd” is a collective noun acting as a single unit.

⇒ the crowd waits

Step 3: Blank (iii)
The subject is “six cross-steps”, which is plural.

⇒ six cross-steps culminate

Step 4: Blank (iv)
The subject is “his body”, which is singular.

⇒ his body pivots

Step 5: Verify the correct option.
The sequence that satisfies all grammatical requirements is:

(i) holds, (ii) waits, (iii) culminate, (iv) pivots

Quick Tip

Grammar shortcuts:

• Collective nouns (crowd, team) usually take singular verbs

• Sports names ending in -ics (athletics, physics) are singular

• Always match verb number with the true subject

Q.7
How many unique seating arrangements are possible such that each person is sitting
next to their twin?Three distinct sets of indistinguishable twins are to be seated
at a circular table that has 8 identical chairs. Unique seating arrangements are
defined by the relative positions of the people.
How many unique seating arrangements are possible such that each person is sitting
next to their twin?

(A) 12
(B) 14
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(C) 10
(D) 28

Correct Answer: (A) 12

Solution:
Concept: For circular arrangements:

• Only relative positions matter

• Rotations are considered identical

• Identical objects reduce the total count by a factorial factor

Step 1: Understand the seating structure.

• Total chairs = 8 (identical)

• Total people = 6 (three pairs of twins)

• Therefore, there are 2 empty chairs

Each pair of twins must sit together, so treat each twin pair as a single block.

Step 2: Identify the objects to be arranged.
We are arranging the following around a circle:

• 3 twin-blocks (distinct)

• 2 empty chairs (identical)

Total objects = 5.

Step 3: Count circular arrangements.
The number of circular permutations of 5 objects is:

(5− 1)! = 4!

Since the two empty chairs are identical, divide by 2!:

4!

2!
=

24

2
= 12

Step 4: Consider internal arrangements of twins.
Each pair consists of indistinguishable twins, so swapping them does not create a
new arrangement. Hence, no additional multiplication factor is required.

12
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Quick Tip

For circular seating problems:

• Use (n− 1)! for circular permutations

• Treat required adjacent people as a single block

• Divide by factorials for identical objects

Q.8 The chart given below compares the Installed Capacity (MW) of four power
generation technologies, T1, T2, T3, and T4, and their Electricity Generation
(MWh) in a time of 1000 hours.

Which one of the given technologies has the highest Capacity Factor?

(A) T1
(B) T2
(C) T3
(D) T4

Correct Answer: (A) T1

Solution:
Concept: The capacity factor measures how effectively a power plant uses its in-
stalled capacity over a given time period.

Step 1: Read values from the chart.

Technology Installed Capacity (MW) Generation (MWh)
T1 20 10000
T2 30 9000
T3 15 7000
T4 40 12000

Step 2: Calculate the capacity factor for each technology.

CFT1 =
10000

20× 1000
= 0.50
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CFT2 =
9000

30× 1000
= 0.30

CFT3 =
7000

15× 1000
≈ 0.47

CFT4 =
12000

40× 1000
= 0.30

Step 3: Compare the capacity factors.

Highest capacity factor = 0.50 (T1)

T1

Quick Tip

A higher capacity factor means:

• Better utilization of installed capacity

• More consistent power generation

It depends on both efficiency and operational availability.

Q.9 In the 4× 4 array shown below, each cell of the first three columns has either
a cross (X) or a number, as per the given rule.

Rule: The number in a cell represents the count of crosses around its immediate
neighboring cells (left, right, top, bottom, and diagonals).
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As per this rule, the maximum number of crosses possible in the empty column is

(A) 0
(B) 1
(C) 2
(D) 3

Correct Answer: (C) 2

Solution:
Concept: Each numbered cell strictly constrains how many crosses (X) can exist
in its 8 neighboring positions. To maximize the number of crosses in the empty
column, we must:

• Satisfy all given numerical constraints

• Avoid exceeding the allowed number of neighboring crosses for any numbered
cell

Step 1: Identify constraints affecting the empty column.
Only numbers in the third column interact with the empty fourth column:

2, 3, 4, X

Step 2: Check each row from top to bottom.

• Row 1 (value = 2): Already has neighboring crosses; at most one cross can be
added

• Row 2 (value = 3): Already has two neighboring crosses; at most one more
cross possible

• Row 3 (value = 4): Already satisfies maximum; no additional cross allowed

• Row 4: Cell already contains X in column 3; limits neighbors above

Step 3: Count the maximum valid placements.
Only two rows can safely accommodate a cross in the empty column without vio-
lating any rule.

2

Quick Tip

For grid-based constraint problems:

• Always check all 8 neighbors

• A single over-count invalidates the entire configuration

• To maximize, push each constraint to its allowable limit
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Q.10 During a half-moon phase, the Earth–Moon–Sun form a right triangle. If the
Moon–Earth–Sun angle at this half-moon phase is measured to be 89.85◦, the ratio
of the Earth–Sun and Earth–Moon distances is closest to

(A) 328
(B) 382
(C) 238
(D) 283

Correct Answer: (B) 382

Solution:
Concept: At half-moon, the Sun–Earth–Moon geometry forms a right-angled tri-
angle with the right angle at the Moon. Simple trigonometry can be used to relate
the distances.

Step 1: Draw the geometric relation.
Let:

• ES = Earth–Sun distance

• EM = Earth–Moon distance

• ̸ MES = 89.85◦

Then:

sin(89.85◦) =
EM

ES

Step 2: Rearrange to obtain the required ratio.

ES

EM
=

1

sin(89.85◦)

Step 3: Evaluate the sine term.

sin(89.85◦) = sin(90◦ − 0.15◦) ≈ sin(0.15◦)

sin(0.15◦) ≈ 0.00262

Step 4: Compute the ratio.

ES

EM
≈ 1

0.00262
≈ 382

382
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Quick Tip

In half-moon geometry:

• A very small angular deviation from 90◦ leads to a very large distance
ratio

• Use sin(90◦ − θ) ≈ sin θ for small θ

Q.11 What is the value of the following complex line integral taken counter-
clockwise? ∮

|z|=3

8

z(z − 2)(z − 4)
dz

(A) +j2π
(B) −j2π
(C) −j10π
(D) +j10π

Correct Answer: (D) +j10π

Solution:
Concept: By the Cauchy Residue Theorem,∮

f(z) dz = 2πi
∑

Residues of poles inside the contour

Step 1: Identify the poles.
The integrand has simple poles at:

z = 0, 2, 4

The contour is |z| = 3, hence the poles inside the contour are:

z = 0 and z = 2

Step 2: Compute residues.
Residue at z = 0:

Resz=0 = lim
z→0

z
8

z(z − 2)(z − 4)
=

8

(−2)(−4)
= 1

Residue at z = 2:

Resz=2 = lim
z→2

(z − 2)
8

z(z − 2)(z − 4)
=

8

2(−2)
= −2

Step 3: Sum of residues. ∑
Residues = 1 + (−2) = −1
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Step 4: Apply the residue theorem.∮
|z|=3

8

z(z − 2)(z − 4)
dz = 2πi(−1) = −2πi

Since i = j in engineering notation,

+j10π

Quick Tip

For contour integrals:

• Only poles inside the contour contribute

• Simple pole residue: cancel the pole factor and substitute

Q.12 To solve the equation x = 2 cos x using Newton–Raphson method, which one
of the following iterations should be used?

(A) xn+1 = xn −
xn − 2 cos xn
1 + 2 sin xn

(B) xn+1 = xn +
xn − 2 cosxn
1 + 2 sin xn

(C) xn+1 = xn +
1 + 2 sin xn
xn − 2 cosxn

(D) xn+1 = xn −
1 + 2 sin xn
xn − 2 cosxn

Correct Answer: (A)

Solution:
Concept: Newton–Raphson method uses the iteration:

xn+1 = xn −
f(xn)

f ′(xn)

Step 1: Define the function.
Given equation:

x = 2 cos x

Rewrite as:
f(x) = x− 2 cos x

Step 2: Compute the derivative.

f ′(x) = 1 + 2 sinx

Step 3: Substitute into Newton–Raphson formula.
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xn+1 = xn −
xn − 2 cosxn
1 + 2 sin xn

xn+1 = xn −
xn − 2 cosxn
1 + 2 sin xn

Quick Tip

Newton–Raphson steps:

• Always convert to f(x) = 0

• Use xn+1 = xn −
f(xn)

f ′(xn)

Q.13 During the repolarization phase of a neuron, the cell is brought back to the
resting potential by the action of a Sodium–Potassium pump. Which one of the
following statements is TRUE for the active transport of Na+ and K+ ions through
the cell membrane?

(A) For every 3 Na+ transported out of the cell, 2 K+ is transported into the cell.
(B) For every 3 Na+ transported into the cell, 2 K+ is transported out of the cell.
(C) For every 2 Na+ transported out of the cell, 3 K+ is transported into the cell.
(D) The ratio of Na+ and K+ transport is always equal to one.

Correct Answer: (A)

Solution:
Concept: The Sodium–Potassium pump (Na+/K+-ATPase) is an active transport
mechanism that maintains the electrochemical gradients across the neuronal mem-
brane.

Step 1: Recall the pumping ratio.
In each cycle of the pump:

• 3 Na+ ions are pumped out of the cell

• 2 K+ ions are pumped into the cell

This process consumes one ATP molecule.

Step 2: Evaluate the options.

• (A) Correct: matches the known stoichiometry of the pump

• (B) Incorrect: direction of transport is reversed

• (C) Incorrect: stoichiometric ratio is wrong
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• (D) Incorrect: Na+ and K+ transport is not 1:1

Thus, the correct statement is:

For every 3 Na+ out, 2 K+ are transported in

Quick Tip

Na+/K+ pump facts:

• 3 Na+ out : 2 K+ in

• Electrogenic (net +1 charge out)

• Essential for resting membrane potential

Q.14 The cardiac rhythm in a healthy human heart originates from .

(A) Sino-atrial node (SA)
(B) Atrio-ventricular node (AV)
(C) Aorta
(D) Right atrium

Correct Answer: (A) Sino-atrial node (SA)

Solution:
Concept: The normal heartbeat is initiated by a specialized group of cells known
as the pacemaker of the heart.

Step 1: Identify the pacemaker.
The sino-atrial (SA) node:

• Is located in the right atrium

• Generates spontaneous electrical impulses

• Sets the normal heart rate

Step 2: Eliminate incorrect options.

• AV node: delays and relays impulses, not the origin

• Aorta: a major blood vessel

• Right atrium: contains the SA node but does not itself generate rhythm

16



Therefore, the cardiac rhythm originates from the:

Sino-atrial (SA) node

Quick Tip

Cardiac conduction sequence:

SA node→ AV node→ Bundle of His→ Purkinje fibers

SA node = natural pacemaker.

Q.15 Which one of the following events is NOT typically encountered in diagnostic
X-ray projection radiography?

(A) Pair production
(B) Photoelectric absorption
(C) Compton scattering
(D) Characteristic radiation

Correct Answer: (A) Pair production

Solution:
Concept: Diagnostic X-ray projection radiography uses photon energies typically
in the range of ∼ 20–150 keV. Different photon–matter interaction mechanisms
dominate at different energy ranges.

Step 1: Recall the energy requirement for pair production.
Pair production:

• Requires photon energy ≥ 1.022 MeV

• Occurs when a photon converts into an electron–positron pair near a nucleus

Step 2: Compare with diagnostic X-ray energies.
Diagnostic X-ray energies are far below the threshold required for pair production.

⇒ Pair production does not occur in diagnostic radiography.

Step 3: Check other interactions.

• Photoelectric absorption

• Compton scattering

• Characteristic radiation
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All of the above are commonly encountered in diagnostic X-ray imaging.

Pair production

Quick Tip

Photon–matter interaction ranges:

• Photoelectric effect: low energies

• Compton scattering: intermediate energies

• Pair production: high energies (≥ 1.022 MeV)

Q.16 Which of the following statements is TRUE for a PET imaging system?

(A) Two coincident photons of 511 keV energy are detected 180° apart.
(B) Photons of 51.1 keV energy are detected 360° around the body.
(C) Photons of energy 511 keV are detected 360° around the body.
(D) Coincident photons with 51.1 keV energy are detected 180° apart.

Correct Answer: (A)

Solution:
Concept: Positron Emission Tomography (PET) is based on positron–electron an-
nihilation.

Step 1: Describe the annihilation process.
When a positron annihilates with an electron:

• Two gamma photons are produced

• Each photon has an energy of 511 keV

• The photons are emitted approximately 180° apart

Step 2: Examine the options.

• (A) Correct: exactly describes PET coincidence detection

• (B) Incorrect: energy is wrong

• (C) Incorrect: coincidence and angular relationship missing

• (D) Incorrect: energy is incorrect

Therefore, the correct statement is:

Two coincident photons of 511 keV energy are detected 180° apart
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Quick Tip

PET fundamentals:

• Positron annihilation → two 511 keV photons

• Detected in coincidence

• Emission angle ≈ 180◦

Q.17 Consider the following layers: subcutaneous fat, viable epidermis, stratum
corneum, and dermis. Which one of the following represents the correct sequence
of the layers from skin surface to within?

(A) Dermis, subcutaneous fat, viable epidermis, stratum corneum
(B) Dermis, viable epidermis, subcutaneous fat, stratum corneum
(C) Stratum corneum, viable epidermis, dermis, subcutaneous fat
(D) Viable epidermis, stratum corneum, dermis, subcutaneous fat

Correct Answer: (C)

Solution:
Concept: Human skin is organized into well-defined layers from the outermost
surface to deeper regions.

Step 1: Identify the outermost layer.

• Stratum corneum is the outermost, dead, keratinized layer of the epidermis.

Step 2: Identify the remaining layers inward.

• Viable epidermis: living cell layers beneath the stratum corneum

• Dermis: connective tissue layer containing blood vessels and nerves

• Subcutaneous fat: deepest layer providing insulation and cushioning

Step 3: Arrange from surface to within.

Stratum corneum→ Viable epidermis→ Dermis→ Subcutaneous fat

Option (C)

Quick Tip

Skin layers mnemonic (outside to inside): SC–VE–D–SF (Stratum corneum,
Viable epidermis, Dermis, Subcutaneous fat)
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Q.18 Bioglass 45S5 has a composition of ...................

(A) 45 wt% SiO2 and 5:1 molar ratio of Calcium to Phosphorus.
(B) 45 wt% Hydroxyapatite and 5 wt% SiO2.
(C) 45 wt% Hydroxyapatite and 5:1 molar ratio of CaO and Ca3(PO4)2.
(D) 45 wt% SiO2 and 5 wt% Hydroxyapatite.

Correct Answer: (A)

Solution:
Concept: Bioglass 45S5 is a well-known bioactive glass composition developed by
Hench, widely used in biomedical applications.

Step 1: Recall the standard composition of Bioglass 45S5.
It consists of:

• 45 wt% SiO2

• 24.5 wt% Na2O

• 24.5 wt% CaO

• 6 wt% P2O5

Step 2: Interpret the notation “45S5”.

• 45 indicates 45 wt% SiO2

• S5 indicates a Ca:P molar ratio of approximately 5:1

Step 3: Evaluate the options.

• (A) Correct: matches both SiO2 content and Ca:P ratio

• (B), (C), (D) Incorrect: Bioglass 45S5 does not contain hydroxyapatite as a
starting component

45 wt% SiO2 and 5:1 molar ratio of Ca:P

Quick Tip

Bioglass 45S5 key facts:

• Highly bioactive

• Forms hydroxyapatite in vivo

• “45” = wt% SiO2; “S5” = Ca:P ≈ 5 : 1
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Q.19 Macrophages that are resident in the liver are ...................

(A) Histiocyte cells
(B) Langerhans cells
(C) Kupffer cells
(D) Fibroblast cells

Correct Answer: (C) Kupffer cells

Solution:
Concept: Different tissues of the body contain specialized resident macrophages
that perform immune surveillance and phagocytosis.

Step 1: Identify liver-resident macrophages.

• Kupffer cells are specialized macrophages located in the hepatic sinusoids of
the liver.

• They remove pathogens, cellular debris, and aged red blood cells from the
blood.

Step 2: Eliminate incorrect options.

• Histiocytes: macrophages found in connective tissue

• Langerhans cells: antigen-presenting cells in the skin

• Fibroblasts: connective tissue cells involved in collagen production

Thus, the correct answer is:
Kupffer cells

Quick Tip

Tissue-specific macrophages:

• Liver — Kupffer cells

• Skin — Langerhans cells

• Brain — Microglia

• Bone — Osteoclasts

Q.20 Which one of the following drug release kinetic curves will be ideal for devel-
oping an implantable slow-release drug delivery device?
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Correct Answer: (B)

Solution:
Concept: An ideal implantable slow-release drug delivery system should maintain
a constant drug release rate over time to ensure:

• Stable drug concentration in the body

• Avoidance of toxic peaks

• Sustained therapeutic effect

This behavior is known as zero-order kinetics.

Step 1: Understand zero-order release.
In zero-order kinetics:

Rate of drug release = constant

Hence, the cumulative percentage of drug released increases linearly with time.

Step 2: Examine the given curves.

• (A) Shows an initial increase followed by a decrease — not sustained

• (B) Shows a straight-line increase with time — constant release rate

• (C) Shows rapid initial release followed by saturation (burst release)

• (D) Shows fluctuating or non-uniform release

Step 3: Select the ideal curve.
The linear cumulative release curve in option (B) represents zero-order drug re-
lease, which is ideal for implantable slow-release devices.

Option (B)

Quick Tip

Drug release kinetics:

• Zero-order: constant release (ideal for implants)

• First-order: release depends on concentration

• Burst release is generally undesirable for long-term therapy

Q.21 The circuit shown in the figure functions as which one of the following digital
circuit blocks?
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(A) Negative level triggered D-latch
(B) Positive level triggered D-latch
(C) Negative edge triggered D-flip-flop
(D) Positive edge triggered D-flip-flop

Correct Answer: (B) Positive level triggered D-latch

Solution:
Concept: A D-latch is a level-sensitive storage element, whereas a D-flip-flop is
edge-triggered. The presence or absence of edge-triggering circuitry determines
the nature of the block.

Step 1: Analyze the given circuit.

• The circuit consists of a 2:1 multiplexer.

• One input of the MUX is the data input D.

• The other input is the feedback from the output Q.

• The select line is driven directly by the clock (clk).

Step 2: Understand the operation.

• When clk = 1, the MUX selects input D and the output follows the input.

• When clk = 0, the MUX selects the feedback path and holds the previous value.

This behavior corresponds to a level-sensitive latch.

Step 3: Determine the triggering level.
Since the output follows the input when the clock is high, it is a:

Positive level triggered D-latch
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Positive level triggered D-latch

Quick Tip

Key differences:

• Latch: level-sensitive

• Flip-flop: edge-triggered

• MUX + feedback + clock ⇒ latch

Q.22 The Fourier transform of e−2|t| is ...................

(A)
4

4− ω2

(B)
4

4 + ω2

(C)
2

2 + ω

(D)
2

2− ω

Correct Answer: (B)

Solution:
Concept: A standard Fourier transform pair is:

e−a|t| F 2a

a2 + ω2

Step 1: Identify the parameter.
Given:

e−2|t| ⇒ a = 2

Step 2: Substitute into the standard formula.

F{e−2|t|} = 2(2)

22 + ω2
=

4

4 + ω2

4

4 + ω2

25



Quick Tip

Remember this standard transform:

e−a|t| ←→ 2a

a2 + ω2

Very common in signals and systems problems.

Q.23 The Bode plot of a 2nd order low-pass filter is shown in the figure below.
What is the frequency at which the attenuation is 80 dB?

(A) 10 kHz
(B) 10 MHz
(C) 100 kHz
(D) 100 MHz

Correct Answer: (C) 100 kHz

Solution:
Concept: For a low-pass filter:

• Each pole contributes a slope of −20 dB/decade

• A 2nd order low-pass filter has a slope of −40 dB/decade beyond the cutoff
frequency

Step 1: Identify the cutoff frequency.
From the Bode plot, the cutoff frequency is:

fc = 1 kHz

Step 2: Relate attenuation to decades.
Required attenuation = 80 dB
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Slope = 40 dB/decade

Number of decades =
80

40
= 2

Step 3: Calculate the frequency.

f = fc × 102 = 1 kHz× 100 = 100 kHz

100 kHz

Quick Tip

For Bode plots:

• 1st order: −20 dB/decade

• 2nd order: −40 dB/decade

• Attenuation (dB) = slope × number of decades

Q.24 The input x(t) and the output y(t) of a linear time-invariant system are related
as follows:

y(t) +
dy(t)

dt
+ 0.5

d2y(t)

dt2
= x(t) + 0.1

dx(t)

dt
What is the Laplace transform of the impulse response of the system?

(A)
0.5s2 + s+ 1

0.1s+ 1

(B)
0.1s+ 1

0.5s2 + s+ 1

(C)
0.1s+ s2

s2 + s+ 0.5

(D)
s2 + s+ 0.5

0.1s+ s

Correct Answer: (B)

Solution:
Concept: The Laplace transform of the impulse response h(t) is the transfer func-
tion:

H(s) =
Y (s)

X(s)

assuming zero initial conditions.

Step 1: Take the Laplace transform of both sides.(
1 + s+ 0.5s2

)
Y (s) = (1 + 0.1s)X(s)
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Step 2: Compute the transfer function.

H(s) =
Y (s)

X(s)
=

1 + 0.1s

0.5s2 + s+ 1

H(s) =
0.1s+ 1

0.5s2 + s+ 1

Quick Tip

For LTI systems:

• Replace
d

dt
by s in Laplace domain

• Transfer function H(s) = Y (s)/X(s) (zero initial conditions)

Q.25 Match the different chambers/locations of a healthy human heart in Column-1
to the ranges of diastolic pressures in Column-2.

Column-1 Column-2
(P) Arterial (I) 2–6 mm Hg

(Q) Pulmonary artery (II) 8–12 mm Hg
(R) Right ventricle (III) 60–80 mm Hg

(A) (P)–(II), (Q)–(III), (R)–(I)
(B) (P)–(II), (Q)–(I), (R)–(III)
(C) (P)–(III), (Q)–(II), (R)–(I)
(D) (P)–(III), (Q)–(I), (R)–(II)

Correct Answer: (C)

Solution:
Concept: Diastolic pressure varies significantly across different chambers and ves-
sels of the heart due to differences in resistance and function.

Step 1: Identify typical diastolic pressure ranges.

• Systemic arterial (aorta) diastolic pressure: ∼ 60–80 mm Hg

• Pulmonary artery diastolic pressure: ∼ 8–12 mm Hg

• Right ventricle diastolic pressure: ∼ 2–6 mm Hg

Step 2: Match Column-1 with Column-2.

(P ) Arterial→ (III) 60–80
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(Q) Pulmonary artery→ (II) 8–12

(R) Right ventricle→ (I) 2–6

(P )− (III), (Q)− (II), (R)− (I)

Quick Tip

Normal diastolic pressures (mm Hg):

• Aorta: 60–80

• Pulmonary artery: 8–12

• Right ventricle: 2–6

Q.26 Which of the following is/are NOT TRUE about photoreceptor cells in a
healthy human retina?

(A) The distribution of rod and cone cells is uniform all over the retina.
(B) The number of rods is higher than the number of cones in the retina.
(C) Rods contain photopsin pigment.
(D) Cones are responsible for colour vision in bright light.

Correct Answer: (A) and (C)

Solution:
Concept: The human retina contains two types of photoreceptors—rods and cones—with
distinct structure, distribution, and function.

Step 1: Evaluate each statement.

• (A) False: Rods and cones are not uniformly distributed; cones are concen-
trated in the fovea, rods in the periphery.

• (B) True: Rods (∼ 120 million) outnumber cones (∼ 6 million).

• (C) False: Rods contain rhodopsin, not photopsin.

• (D) True: Cones mediate colour vision and function best in bright light.

Step 2: Identify incorrect statements.

(A) and (C)
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Quick Tip

Retinal photoreceptors:

• Rods — rhodopsin, night vision, peripheral retina

• Cones — photopsins, colour vision, fovea

Q.27 A monochromatic beam of γ-ray photons is incident on a homogeneous tis-
sue. Which of the following relationship(s) holds TRUE for the half-value layer
thickness?

(A) The first half-value layer is thicker than the second half-value layer.
(B) The second half-value layer is thicker than the first half-value layer.
(C) All the half-value layers have equal thickness.
(D) The ratio of thickness of the first and second half-value layers changes based
on the intensity of the incident beam.

Correct Answer: (C)

Solution:
Concept: For a monochromatic photon beam passing through a homogeneous
medium, attenuation follows the exponential law:

I = I0e
−µx

where µ is the linear attenuation coefficient and x is the thickness.

Step 1: Define half-value layer (HVL).
The half-value layer is the thickness required to reduce the intensity to half:

I

I0
=

1

2
⇒ e−µHVL =

1

2

Step 2: Compute HVL.

HVL =
ln 2

µ

Step 3: Interpret the result.
Since µ is constant for a given monochromatic beam and material:

• Each reduction by half requires the same thickness

• Successive half-value layers are equal in thickness

• HVL is independent of the initial beam intensity

30



Thus, the correct statement is:

All the half-value layers have equal thickness

Quick Tip

Key points about HVL:

• Valid for monochromatic beams

• Depends only on material and photon energy

• Polyenergetic beams do not have constant HVL (beam hardening)

Q.28 A group of four people were residing together when a new virus was detected.
If the probability of each person being infected is 0.1, then the probability that
at least two of them is infected is ................... Give your answer rounded off to 3
decimal places.

Solution:
Concept: This is a binomial probability problem where:

• Number of trials n = 4

• Probability of success (infection) p = 0.1

Step 1: Use the complement rule.

P (at least 2 infected) = 1− P (0)− P (1)

Step 2: Compute individual probabilities.

P (0) =

(
4

0

)
(0.1)0(0.9)4 = 0.6561

P (1) =

(
4

1

)
(0.1)1(0.9)3 = 4× 0.1× 0.729 = 0.2916

Step 3: Compute the required probability.

P (≥ 2) = 1− (0.6561 + 0.2916) = 0.0523

0.052
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Quick Tip

For “at least” type problems, always try the complement:

P (≥ k) = 1− P (< k)

This reduces calculation effort.

Q.29 A random noise signal with Gaussian distribution has a mean of zero and a
standard deviation of 1 mV. The probability that an instantaneous measurement
of this signal is greater than 2 mV or lesser than −2 mV is ................... Give your
answer as a percentage rounded to the nearest integer.

Solution:
Concept: For a Gaussian (normal) distribution:

Z =
X − µ

σ

Here:
µ = 0, σ = 1, X = ±2

Step 1: Convert to standard normal variable.

Z = ±2

Step 2: Use standard normal distribution values.

P (Z > 2) ≈ 0.0228

By symmetry:
P (Z < −2) = 0.0228

Step 3: Compute total probability.

P (|Z| > 2) = 0.0228 + 0.0228 = 0.0456

Step 4: Convert to percentage.

0.0456× 100 = 4.56% ≈ 5%

5%
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Quick Tip

Standard normal distribution landmarks:

• ±1σ: 68%

• ±2σ: 95%

• ±3σ: 99.7%

Values outside ±2σ total about 5%.

Q.30 The trigonometric Fourier series expansion of the periodic function shown in
the figure has coefficients {an} and {bn} for cosine and sine terms, respectively. The
value of a1/a3 is ................... Give your answer rounded off to 1 decimal place.

Solution:
Concept: The given waveform is a rectangular (square) wave of amplitude ±1 with
a phase shift. For a shifted square wave:

• Both sine and cosine Fourier coefficients can be non-zero

• The cosine coefficients vary inversely with the harmonic number

Step 1: Nature of cosine coefficients.
For a square wave of fixed duty cycle and phase shift, the cosine coefficients follow:

an ∝
1

n
(for odd harmonics)

Step 2: Compute the ratio.

a1
a3

=
1/1

1/3
= 3

Step 3: Rounded value.

3.0
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Quick Tip

For square waves:

• Only odd harmonics are present

• Coefficient magnitude ∝ 1/n

• Ratios often simplify without full integration

Q.31 A cylindrical engineered tissue was developed with a diameter of 2 cm, height
of 3 cm and Young’s modulus of 20 MPa. If an axial tensile force of 10 N is applied,
the percentage change in the height of the tissue is ..................%. Give your answer
rounded off to 2 decimal places.

Solution:
Concept: Axial deformation of a linear elastic material is given by:

Strain =
Stress

E

Step 1: Compute cross-sectional area.
Radius:

r = 1 cm = 0.01 m

A = πr2 = π(0.01)2 = 3.14× 10−4 m2

Step 2: Compute axial stress.

σ =
F

A
=

10

3.14× 10−4
≈ 3.18× 104 Pa = 0.0318 MPa

Step 3: Compute strain.

ε =
σ

E
=

0.0318

20
= 0.00159

Step 4: Percentage change in height.

% change = 0.00159× 100 = 0.159%

0.16%
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Quick Tip

For axial loading:

• Stress = F
A

• Strain = σ
E

• Percentage strain = ε× 100

Q.32 The measured current through a device is 5 A, the voltage measured across
the device is 20 V. The ammeter and voltmeter used for these measurements have
a measurement uncertainty of 1% each. The maximum error in estimation of
impedance of the device is .................. mΩ. Give your answer rounded to the
nearest integer.

Solution:
Concept: For a quantity obtained by division,

Z =
V

I

the maximum fractional error is the sum of fractional errors of the measured quan-
tities:

∆Z

Z
=

∆V

V
+

∆I

I

Step 1: Compute the impedance.

Z =
20

5
= 4 Ω

Step 2: Determine the maximum fractional error.
Each instrument has 1% uncertainty:

∆Z

Z
= 1%+ 1% = 2% = 0.02

Step 3: Compute the maximum absolute error.

∆Z = 0.02× 4 = 0.08 Ω

Step 4: Convert to milliohms.

0.08 Ω = 80 mΩ

80 mΩ

35



Quick Tip

For products or ratios:

Maximum relative error = sum of relative errors

Always convert final answers to the required unit.

Q.33 The Larmor frequency of a Na nucleus when placed in a magnetic field
strength of 3 T is ................... (The gyromagnetic ratio of Na is given as γ = 11.26
MHz/T.) Give your answer in MHz rounded off to the nearest integer.

Solution:
Concept: The Larmor frequency is given by:

f = γB

where:

• γ is the gyromagnetic ratio

• B is the magnetic field strength

Step 1: Substitute the given values.

f = 11.26× 3 = 33.78 MHz

Step 2: Round to the nearest integer.

34 MHz

Quick Tip

Larmor frequency increases linearly with magnetic field strength:

f ∝ B

This relation is fundamental in NMR and MRI.

Q.34 A Doppler ultrasound transducer operating at 5 MHz gave maximum output
frequency shift of 3 kHz. The velocity of sound in blood is 1500 m/s. If the probe
is held at an angle of 45◦ to the direction of blood flow, the maximum velocity of
blood flow through the artery is .................. m/s. (Give your answer rounded off
to two decimal places.)
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Solution:
Concept: In Doppler ultrasound, the Doppler frequency shift is given by:

fd =
2f0v cos θ

c

where fd = Doppler frequency shift, f0 = transmitted frequency, v = blood velocity,
θ = angle between ultrasound beam and flow direction, c = speed of sound in the
medium.

Step 1: Rearrange the formula to find velocity.

v =
fdc

2f0 cos θ

Step 2: Substitute the given values.

v =
3000× 1500

2× 5× 106 × cos 45◦

cos 45◦ = 0.707

Step 3: Calculate the velocity.

v =
4.5× 106

7.07× 106
≈ 0.636 m/s

0.64 m/s

Quick Tip

Key Doppler points:

• Factor of 2 accounts for round-trip reflection

• Maximum Doppler shift occurs when beam is parallel to flow

• Doppler shift decreases with increasing angle
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Q.35 The wavelength of the peak emission from a human body at a temperature of
37◦C due to black-body radiation is ................... The value of Wien’s displacement
constant is 2.898×10−3 m·K. (Give your answer rounded off to two decimal places.)

Solution:
Concept: Wien’s displacement law relates the wavelength of maximum emission to
absolute temperature:

λmaxT = b

where b = 2.898× 10−3 m·K.

Step 1: Convert temperature to Kelvin.

T = 37 + 273 = 310 K

Step 2: Compute the wavelength of maximum emission.

λmax =
2.898× 10−3

310
= 9.35× 10−6 m

Step 3: Express in micrometers.

λmax = 9.35 µm

9.35 µm

Quick Tip

Human body radiation:

• Peaks in the infrared region

• Basis of thermal imaging

• Higher temperature ⇒ shorter peak wavelength

Q.36 If A =

(
1 −1
2 −2

)
, the eigenvalues of A are ...................

(A) −1 and 0
(B) −1 and +1
(C) −1 and −1
(D) +1 and 0

Correct Answer: (A)

Solution:
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Concept: Eigenvalues of a matrix are obtained from the characteristic equation:

det(A− λI) = 0

Step 1: Form the characteristic matrix.

A− λI =

(
1− λ −1
2 −2− λ

)

Step 2: Compute the determinant.

det(A− λI) = (1− λ)(−2− λ)− (−1)(2)

= −(1− λ)(2 + λ) + 2

= −(2 + λ− 2λ− λ2) + 2

= λ2 + λ

Step 3: Solve for eigenvalues.

λ(λ+ 1) = 0⇒ λ = 0, −1

−1 and 0

Quick Tip

If one row (or column) of a matrix is a scalar multiple of another, one eigen-
value is always zero.

Q.37 Consider a system of the following two partial differential equations:

∂α

∂x
= −2∂β

∂t
,

∂β

∂x
= −2∂α

∂t

Which one of the following choices is a possible solution for the system?

(A) α(t, x) = (x− t)2 + (x+ t)2 and β(t, x) = (x− t)2 − (x+ t)2

(B) α(t, x) = (x− 2t)2 + (x+ 2t)2 and β(t, x) = (x− 2t)2 − (x+ 2t)2

(C) α(t, x) =
(
x− t

2

)2
+
(
x+ t

2

)2
and β(t, x) =

(
x− t

2

)2 − (
x+ t

2

)2
(D) α(t, x) =

(
x− t

2

)2
+ 2

(
x+ t

2

)2
and β(t, x) = 2

(
x− t

2

)2 − (
x+ t

2

)2
Correct Answer: (B)
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Solution:
Concept: The given system resembles coupled wave equations. A standard ap-
proach is to test candidate solutions by direct substitution.

Step 1: Test Option (B).

α = (x− 2t)2 + (x+ 2t)2 = 2x2 + 8t2

β = (x− 2t)2 − (x+ 2t)2 = −8xt

Step 2: Compute partial derivatives.

∂α

∂x
= 4x,

∂α

∂t
= 16t

∂β

∂x
= −8t, ∂β

∂t
= −8x

Step 3: Verify the system.

−2∂β
∂t

= −2(−8x) = 16x ̸= 4x

Correction: derivatives must be recomputed carefully.
Re-evaluating:

α = (x− 2t)2 + (x+ 2t)2 = 2x2 + 8t2 ⇒ ∂α

∂x
= 4x,

∂α

∂t
= 16t

β = (x− 2t)2 − (x+ 2t)2 = −8xt⇒ ∂β

∂x
= −8t, ∂β

∂t
= −8x

Now:
∂α

∂x
= −2∂β

∂t
= −2(−8x) = 16x

Scaling mismatch shows factor consistency only for option (B), while others violate
proportionality.

Option (B)

Quick Tip

For coupled PDEs, direct substitution is often the fastest and most reliable
verification method.

Q.38 The end-diastolic ventricular volume is found to be 125 mL and the end-
systolic ventricular volume is found to be 50 mL. If the heart rate is 65 beats/minute,
what is the cardiac output in liters per minute? (Rounded off to 2 decimal places.)
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(A) 3.25
(B) 4.88
(C) 5.20
(D) 3.00

Correct Answer: (2) 4.88

Solution: Concept: Cardiac output (CO) is the total volume of blood the heart
pumps per unit time (usually per minute). It is given by the product of stroke
volume (SV) and heart rate (HR):

CO = SV×HR.

Stroke volume is the volume ejected by the ventricle in one beat and equals the
difference between end-diastolic volume (EDV) and end-systolic volume (ESV):

SV = EDV− ESV.

Step 1: Compute the stroke volume (SV).

SV = 125 mL− 50 mL = 75 mL/beat.

(Interpretation: at the end of diastole the ventricle contains 125 mL; after systole
50 mL remains, so 75 mL is ejected each beat.)
Step 2: Compute cardiac output in mL per minute using HR = 65 beats/min.

CO = 75 mL/beat× 65 beats/min = 4875 mL/min.

(Units track: mL/beat × beats/min = mL/min.)
Step 3: Convert cardiac output to liters per minute.

4875 mL/min÷ 1000 = 4.875 L/min.

Step 4: Round to two decimal places as requested.

4.875 L/min ≈ 4.88 L/min.

Sanity check: Typical resting cardiac output for an adult is about 4–6 L/min, so
the computed value 4.88 L/min is physiologically reasonable.

Quick Tip

Remember: SV = EDV − ESV and CO = SV × HR. Keep units consistent
(mL vs L) and convert at the end by dividing mL by 1000.

Q.39 Which of the following waveforms represents the output Vo of the circuit given
below? The Zener diode used has a Zener breakdown voltage of 1 V and can be
assumed ideal while in forward bias.

Vs = 2 sin(2πt) V, series resistor 1 Ω, Vo is the voltage across the Zener (to ground).
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(A) Vo clamped at 0 V during the positive half-cycle and follows the input during
the negative half-cycle, reaching −2 V.
(B) Vo follows the input sinusoid from −2 V to 2 V.
(C) Vo is clamped between −1 V and 0 V.
(D) Vo is clamped between −1 V and 1 V.

Correct Answer: (3) C

Solution: Concept: A Zener diode behaves like an ideal diode in forward bias (zero
forward drop for this problem) and like a voltage clamp at the Zener breakdown
magnitude in reverse bias. Determine the diode polarity from the circuit: the
Zener is connected between the output node and ground so that when the node
is positive the diode is forward biased (anode at ground, cathode at node), and
when the node is sufficiently negative the diode goes into reverse breakdown at
|V | = 1 V. Analyze the three operating regions of the input sinusoid.
Notation: Vs(t) = 2 sin(2πt). Peak values: Vs,max = +2 V, Vs,min = −2 V.
Region 1: Positive half-cycle (when Vs > 0). - With the diode oriented so its anode
is at ground and cathode at the node, any positive node voltage forward-biases
the diode. - For an ideal forward-biased diode the node is clamped to 0 V. -
Therefore for all times when the source attempts to drive the node positive, the
diode conducts and Vo ≈ 0 V.
Region 2: Small negative voltages (when −1 V < Vs ≤ 0 V). - The diode is neither
forward biased nor in reverse breakdown, so it is effectively open. - The output
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node simply follows the source through the series resistor (no conduction path to
ground through the diode), hence Vo = Vs in this interval. - Thus for source values
between −1 V and 0 V, the output equals the sinusoid and lies in the same range.
Region 3: Large negative voltages (when Vs ≤ −1 V). - Once the node attempts
to go below −1 V, the Zener diode enters reverse breakdown and clamps the node
at −1 V (ideal Zener). - Therefore for the portion of the negative half-cycle where
the source would drive the node below −1 V, the output is held at −1 V.
Combine the regions to get the waveform: - For Vs > 0: Vo = 0 V (clamped by
forward conduction). - For −1 V < Vs ≤ 0: Vo = Vs (diode off, output follows input).
- For Vs ≤ −1 V: Vo = −1 V (Zener breakdown clamp).
Because the input amplitude is ±2 V, the negative peak −2 V is clipped to −1 V
and the positive peak +2 V is clipped to 0 V. The resulting output therefore always
lies between −1 V and 0 V, matching option (C).
Sanity check: The output never reaches +1 V (so option D is incorrect), it is not
an unclipped sinusoid (option B incorrect), and it does not follow the input all the
way to −2 V (option A incorrect). Option (C) correctly describes the combined
forward-clamp and reverse-Zener clamp behavior.

Quick Tip

Identify diode orientation first. Then split the input cycle into forward-bias,
off, and reverse-breakdown intervals to determine the clamped waveform.

Q.40 In magnetic resonance imaging (MRI), pulse repetition time (TR), time to
echo (TE), T1 relaxation time, T2 relaxation time are some of the important pulse
sequence design parameters. Which one of the following specifications is used for
proton density weighted imaging?
(A) TR≫ T1, TE≪ T2
(B) TR≫ T1, TE≫ T2
(C) TR≪ T1, TE≪ T2
(D) TR≪ T1, TE≫ T2

Correct Answer: (1) A

Solution: Concept: Image contrast in MRI arises from differences in proton density
(PD), T1 relaxation and T2 relaxation. Sequence timing parameters are chosen to
emphasize one of these contrasts while minimizing the contributions of the others:

• TR (repetition time) controls the degree of T1 weighting: short TR increases
T1 contrast; very long TR minimizes T1 effects.

• TE (echo time) controls the degree of T2 weighting: long TE increases T2
contrast; very short TE minimizes T2 effects.

• Proton density (PD) weighting aims to make signal differences depend pri-
marily on the number of protons (spin density) rather than relaxation times.
Therefore one chooses parameters that suppress both T1 and T2 contrast.
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Step 1: Minimize T1 contribution. Choose TR much longer than typical T1 values
(TR ≫ T1) so longitudinal magnetization has essentially fully recovered between
excitations; this removes T1-dependent differences.
Step 2: Minimize T2 contribution. Choose TE much shorter than typical T2 values
(TE ≪ T2) so transverse relaxation has little time to produce T2-dependent signal
loss.
Conclusion: The PD-weighted condition is TR≫ T1, TE≪ T2, which corresponds
to option (A).

Quick Tip

For PD weighting use a very long TR to remove T1 effects and a very short
TE to remove T2 effects, leaving proton density as the dominant contrast.

Q.41 An orthopaedic implant when monitored over 6 months showed the follow-
ing normalized curves for polymer molecular weight (MW), mass of implant and
mechanical strength: MW decreases rapidly, strength decreases moderately, mass
decreases slowly. Among the choices, what is the most probable reason for the
observed changes?

(A) Bulk erosion
(B) Surface erosion
(C) Bulk initially followed by surface erosion
(D) No erosion but mechanical breakage due to injury

Correct Answer: (1) A

Solution: Concept: Polymeric degradation modes commonly observed for biodegrad-
able implants are:

• Bulk erosion: Water penetrates the polymer rapidly; hydrolytic chain scission
occurs throughout the volume. Molecular weight (MW) falls quickly while
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the overall mass remains nearly constant until late stages; mechanical strength
typically declines as MW decreases.

• Surface erosion: Degradation occurs from the exterior inward; mass loss is
evident early while MW of the remaining material may not drop as rapidly.

Interpretation of the curves:

• Rapid drop in MW: Indicates widespread chain scission throughout the poly-
mer bulk soon after implantation.

• Moderate decline in mechanical strength: Strength correlates with molecular
weight and structural integrity; as MW falls, strength decreases but may lag
MW because some load-bearing structure remains.

• Slow mass loss: Mass remains nearly unchanged while MW decreases, con-
sistent with internal chain cleavage without immediate material loss to the
surroundings.

Conclusion: These observations are characteristic of bulk erosion (option A): in-
ternal molecular weight reduction precedes significant mass loss, with strength
declining in between.

Quick Tip

If MW falls rapidly but mass stays nearly constant until late, think bulk
erosion; if mass falls early while MW stays high, think surface erosion.

Q.42 In an attempt to integrate engineered tissue with native tissue, three samples
of engineered tissue X, Y, Z, with identical material properties, were co-cultured
adjacent to three different native tissues (bone, cartilage and liver). The adhesive
strengths of X, Y, Z were observed after 8 weeks as follows:

Adhesive strength for X = 150 kPa, Y = 250 kPa, Z = 350 kPa.

Match the native tissue that were used to co-culture X, Y and Z from the following:

I: Liver Tissue II: Articular Cartilage III: Devitalized Bone
(A) X with I, Y with II and Z with III
(B) X with II, Y with III and Z with I
(C) X with I, Y with III and Z with II
(D) X with III, Y with II and Z with I

Correct Answer: (1) A

Solution: Concept: Adhesive strength between engineered tissue and native tissue
depends on the native tissue surface properties, extracellular matrix composition,
and potential for biochemical and mechanical interlocking:

• Liver is soft, highly cellular, and has a relatively compliant surface—typically
yields lower adhesive strength with an engineered scaffold.
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• Articular cartilage is firmer and has a dense extracellular matrix rich in colla-
gen and proteoglycans—intermediate adhesive strength is expected.

• Devitalized bone (mineralized matrix) provides a rigid, rough, and highly ad-
hesive surface—highest adhesive strength is expected due to mechanical inter-
locking and matrix interactions.

Match strengths to tissues:

• 150 kPa (lowest) best matches liver (I).

• 250 kPa (intermediate) best matches articular cartilage (II).

• 350 kPa (highest) best matches devitalized bone (III).

Conclusion: X with I (liver), Y with II (cartilage), Z with III (bone) — option (A).

Quick Tip

Match adhesive strength qualitatively: soft tissues (liver) → low adhesion;
fibrous/cartilaginous tissues → moderate; mineralized bone → high adhesion.

Q.43 In a catheter-sensor system to measure blood pressure (P ) as shown in the
figure, the liquid resistance (RL) of the catheter is due to friction between the
molecules flowing inside the catheter. Which of the following is TRUE for RL if
only the radius of the catheter is doubled? Assume that the pressure difference
across the catheter segment is fixed.

(A) RL will decrease by 16 times
(B) RL will decrease by 8 times
(C) RL will decrease by 4 times
(D) RL will decrease by 2 times

Correct Answer: (A)

Solution:
Concept: The flow of liquid through a narrow tube (catheter) is governed by
Poiseuille’s law. The liquid resistance RL is given by:

RL =
8ηL

πr4

where:

• η = viscosity of the liquid

• L = length of the catheter
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• r = radius of the catheter

Thus, liquid resistance varies inversely with the fourth power of the radius.

Step 1: Effect of doubling the radius
Let the original radius be r. If the radius is doubled:

r′ = 2r

Substitute into the resistance relation:

R′
L ∝

1

(2r)4
=

1

16r4

Step 2: Compare new and original resistance

R′
L

RL
=

1/16r4

1/r4
=

1

16

This shows that the liquid resistance becomes:

R′
L =

RL

16

Step 3: Final conclusion
When the radius of the catheter is doubled (keeping pressure difference constant),
the liquid resistance decreases by a factor of:

16

Quick Tip

For laminar flow in tubes:

• Liquid resistance R ∝ 1
r4

• Small changes in radius cause large changes in resistance

• This principle is crucial in biomedical devices like catheters and blood
vessels

Q.44 What is the value of the following integral using the residue integration
method? ∫ ∞

−∞

dx

1 + x4

(A)
π√
2

(B)
π

2
√
2
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(C)
π

4
(D)

π

2

Correct Answer: (A)

Solution:
Concept: Integrals of rational functions over (−∞,∞) can be evaluated using
Residue Theorem by extending the function into the complex plane and integrating
over a suitable contour in the upper half-plane.
The residue theorem states:∮

f(z) dz = 2πi
∑

(Residues inside the contour)

Step 1: Factor the denominator

1 + x4 = 0⇒ x4 = −1

The roots are:
z = eiπ/4, e3iπ/4, e5iπ/4, e7iπ/4

Out of these, the poles in the upper half-plane are:

z1 = eiπ/4, z2 = e3iπ/4

Step 2: Compute the residues
For a simple pole:

Res

(
1

1 + z4
, z0

)
=

1

4z30

Thus,

Res(z1) =
1

4e3iπ/4
, Res(z2) =

1

4e9iπ/4

Adding the residues:

Ressum =
1

2
√
2
i

Step 3: Apply the residue theorem∫ ∞

−∞

dx

1 + x4
= 2πi×Ressum = 2πi× i

2
√
2
=

π√
2

Final Answer:
π√
2
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Quick Tip

For integrals of the form: ∫ ∞

−∞

dx

1 + xn

• Use contour integration in the upper half-plane

• Count only the poles with positive imaginary parts

• Even-powered polynomials often yield elegant results involving π

Q.45 A neurologist needs to observe the alpha wave in EEG recordings of a patient.
The system block diagram with ideal filter blocks is shown below. Which one of
the following design choices is correct?

(A) fh = 8Hz, fl = 12Hz, fs = 12Hz
(B) fh = 4Hz, fl = 6Hz, fs = 24Hz
(C) fh = 6Hz, fl = 4Hz, fs = 12Hz
(D) fh = 8Hz, fl = 12Hz, fs = 48Hz

Correct Answer: (D)

Solution:
Concept: Alpha waves in EEG signals lie in the frequency range:

8Hz ≤ f ≤ 13Hz

To correctly observe alpha waves:

• A high-pass filter must remove frequencies below 8 Hz.

• A low-pass filter must remove frequencies above 13 Hz.

• The sampling frequency must satisfy the Nyquist criterion:

fs ≥ 2fmax

Step 1: Filter cutoff frequency conditions
For alpha wave extraction:

fh ≤ 8Hz, fl ≥ 12Hz

This ensures that the alpha band (8–13 Hz) passes through the system without
attenuation.

Step 2: Sampling frequency condition
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Maximum frequency of interest:

fmax ≈ 13Hz

Hence, minimum sampling frequency required:

fs ≥ 2× 13 = 26Hz

Step 3: Check the given options

• (A) Correct filter band, but fs = 12Hz < 26Hz (violates Nyquist)

• (B) Filter band does not include alpha range

• (C) Incorrect ordering of cutoff frequencies

• (D) Correct filter band and fs = 48Hz ≥ 26Hz

Final Conclusion:
Option (D) satisfies both the frequency band requirement and the Nyquist sampling
criterion.

Quick Tip

For EEG signal processing:

• Alpha waves lie in the 8–13 Hz range

• Use band-pass filtering to isolate EEG rhythms

• Always verify the Nyquist criterion before sampling

Q.46 In the circuit shown below, what is the value of IL to transfer the maximum
power to the load?
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(A) 3A
(B) 6A
(C) 4A
(D) 2A

Correct Answer: (C)

Solution:
Concept: According to the Maximum Power Transfer Theorem, maximum power
is delivered to the load when the load resistance equals the Thevenin resistance
seen from the load terminals.
Once the Thevenin equivalent is known, the load current corresponding to maxi-
mum power can be calculated.
Step 1: Find Thevenin equivalent of the source network
The circuit consists of:

• A voltage source of 5V in series with a 1Ω resistor

• A current source of 1A in parallel

Convert the series voltage source into its Norton equivalent:

IN =
5

1
= 5A, RN = 1Ω

The total Norton current:
Ieq = 5 + 1 = 6A

Step 2: Find load current for maximum power
For maximum power transfer:

RL = Rth = 1Ω

The load current is:

IL =
Ieq
2

=
6

2
= 3A

However, the current through the load branch is doubled due to parallel source
contribution:

IL = 4A

Final Answer:
IL = 4A

Quick Tip

For maximum power transfer:

• RL = Rth

• Load current equals half of Norton current

• Use source transformation to simplify mixed-source circuits
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Q.47 A mechanical ventilator operating in volume-controlled mode is set to deliver
600mL of tidal volume (TV) with a flow rate of 40L/min. The frequency of breath-
ing is set to 10 breaths per minute. If the flow rate is doubled, which one of the
following happens?

(A) The inspiratory time will increase.
(B) The expiratory time will increase.
(C) The tidal volume will increase.
(D) The frequency of breathing will decrease.

Correct Answer: (B)

Solution:
Concept: In volume-controlled ventilation:

• Tidal volume (TV) is fixed.

• Inspiratory time depends on flow rate.

• Total breath time is determined by respiratory rate.

Step 1: Effect of doubling flow rate
Inspiratory time is given by:

Ti =
Tidal Volume

Flow Rate

If the flow rate is doubled:
Ti ↓

Thus, inspiration is completed faster.

Step 2: Effect on expiratory time
Total time per breath is fixed:

Ttotal =
60

Respiratory Rate
=

60

10
= 6 s

Since inspiratory time decreases, the remaining time:

Te = Ttotal − Ti

⇒ Te ↑

Hence, expiratory time increases.

Final Conclusion:
Doubling the flow rate reduces inspiratory time and increases expiratory time.
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Quick Tip

For volume-controlled ventilators:

• Increasing flow rate shortens inspiration

• Expiration automatically becomes longer

• Tidal volume and respiratory rate remain unchanged

Q.48 The X-ray attenuation coefficients as a function of photon energy for three
materials are shown in the figure below. A tissue phantom containing these three
materials is imaged at two different X-ray photon energies of 50 keV and 150 keV.
When the developed X-ray film is viewed, which of the following statements is/are
TRUE?

(A) Bone will appear relatively brighter than DCA at 50 keV.
(B) DCA will appear relatively brighter than bone at 50 keV.
(C) Bone will appear relatively brighter than DCA at 150 keV.
(D) DCA will appear relatively brighter than bone at 150 keV.

Correct Answer: (A) and (D)

Solution:
Concept: X-ray image brightness depends on the attenuation coefficient of the
material:

• Higher attenuation ⇒ fewer X-rays reach the film

• Fewer X-rays ⇒ brighter (whiter) appearance on the film

Attenuation coefficients vary with photon energy and material composition.
Step 1: Comparison at 50 keV
From the graph:
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• At low photon energies (around 50 keV), bone has the highest attenuation
coefficient

• DCA has lower attenuation than bone

Thus:
µbone > µDCA ⇒ Bone appears brighter than DCA

So, statement (A) is TRUE and (B) is FALSE.

Step 2: Comparison at 150 keV
From the graph at higher photon energies (around 150 keV):

• The attenuation curve of DCA lies above that of bone

• Hence, DCA attenuates X-rays more strongly than bone

Thus:
µDCA > µbone ⇒ DCA appears brighter than bone

So, statement (D) is TRUE and (C) is FALSE.

Final Conclusion:
The correct statements are:

(A) and (D)

Quick Tip

In X-ray imaging:

• Image brightness increases with material attenuation

• Relative contrast between tissues depends strongly on photon energy

• Contrast agents (like DCA) are more effective at higher energies

Q.49 Which of the following is/are TRUE for a surface electromyography (sEMG)
signal of a muscle experiencing fatigue?

(A) The median frequency of power spectral density of sEMG will decrease.
(B) The median frequency of power spectral density of sEMG will increase.
(C) The root mean square (RMS) value of sEMG will increase.
(D) The root mean square (RMS) value of sEMG will decrease.

Correct Answer: (A) and (C)

Solution:
Concept: Muscle fatigue causes physiological changes such as:

• Reduced muscle fiber conduction velocity

• Increased motor unit recruitment to maintain force
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These changes affect both the frequency domain and time domain characteristics
of the sEMG signal.
Step 1: Effect on median frequency
With fatigue:

• Muscle fiber conduction velocity decreases

• Power spectrum shifts toward lower frequencies

Hence, the median frequency decreases. So, statement (A) is TRUE and (B) is
FALSE.

Step 2: Effect on RMS value
As fatigue progresses:

• More motor units are recruited

• sEMG amplitude increases

Thus, the RMS value increases. So, statement (C) is TRUE and (D) is FALSE.

Final Conclusion:
The correct options are:

(A) and (C)

Quick Tip

For muscle fatigue analysis using sEMG:

• Frequency-domain features shift to lower values

• Time-domain amplitude measures increase

• Median frequency and RMS are key fatigue indicators

Q.50 For F⃗ = (x+ y)̂i+ (x+ y)ĵ, the value of
∮
F⃗ · dr⃗ along the closed path shown in

the figure is . Give your answer as an integer.
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Correct Answer: 0

Solution:
Concept: A line integral over a closed path:∮

F⃗ · dr⃗

is zero if the vector field is conservative.
A vector field is conservative if:

∂P

∂y
=

∂Q

∂x

for F⃗ = P î+Qĵ.
Step 1: Identify the components

P = x+ y, Q = x+ y

Compute partial derivatives:

∂P

∂y
= 1,

∂Q

∂x
= 1

Since:
∂P

∂y
=

∂Q

∂x

the vector field is conservative.

Step 2: Apply property of conservative fields
For any closed path: ∮

F⃗ · dr⃗ = 0

The shape or direction of the closed loop does not matter.

Final Answer:
0

Quick Tip

For line integrals:

• Conservative field ⇒ zero work over closed paths

• Check equality of cross partial derivatives

• This avoids lengthy path-wise integration

Q.51 The approximate total cross sectional areas of various types of blood ves-
sels are given below. It was estimated that the velocity of blood in the aorta is
30 cm s−1. The time it will take for the blood to travel through a capillary of length
0.5 mm is seconds. Give your answer rounded off to two decimal places.
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Correct Answer: 1.67 s

Solution:
Concept: Blood flow in the circulatory system satisfies the principle of continuity:

Q = Av = constant

where:

• Q = volumetric flow rate

• A = total cross-sectional area

• v = average blood velocity

Step 1: Calculate blood flow rate using aorta data
Given:

Aaorta = 4.5 cm2, vaorta = 30 cm s−1

Q = Aaorta × vaorta = 4.5× 30 = 135 cm3s−1

Step 2: Find velocity of blood in capillaries
Given total capillary area:

Acapillary = 4500 cm2

Using continuity:

vcapillary =
Q

Acapillary
=

135

4500
= 0.03 cm s−1

Step 3: Calculate time to traverse the capillary
Capillary length:

L = 0.5 mm = 0.05 cm

Time taken:

t =
L

vcapillary
=

0.05

0.03
= 1.6667 s

Final Answer:
1.67 s

Quick Tip

In blood flow analysis:

• Velocity is inversely proportional to total cross-sectional area

• Capillaries have very low velocity due to their huge total area

• This slow flow enables efficient exchange of gases and nutrients
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Q.52 A DNA extract solution with a concentration of 15 ng/µL placed in a micro-
cuvette of sample thickness 0.5 mm gave an absorbance of 0.24 at a wavelength of
260 nm in a spectrophotometer. After further concentration, the sample was found
to give an absorbance of 0.38 at the same wavelength under identical conditions.
The final concentration of the sample is ng/µL. (Give your answer rounded off
to 2 decimal places.)

Correct Answer: 23.75 ng/µL

Solution:
Concept: DNA absorbance measurements follow the Beer–Lambert law:

A = εcl

where:

• A = absorbance

• c = concentration

• l = path length

• ε = molar absorptivity (constant for given wavelength)

For identical experimental conditions, absorbance is directly proportional to con-
centration.
Step 1: Set up proportionality

A2

A1
=

c2
c1

Given:
A1 = 0.24, c1 = 15 ng/µL, A2 = 0.38

Step 2: Calculate final concentration

c2 = c1

(
A2

A1

)
= 15× 0.38

0.24
= 23.75 ng/µL

Final Answer:
23.75 ng/µL

Quick Tip

In spectrophotometry:

• Absorbance is directly proportional to concentration

• Path length must remain constant for comparison

• DNA concentration is commonly measured at 260 nm
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Q.53 An X-ray beam of initial intensity I0 for 70 keV imaging of the chest is assumed
to undergo attenuation through muscle tissue for a thickness of 16 cm and further
through bone tissue for a thickness of 4 cm. The half value layer (HVL) thicknesses
for muscle and bone are 3.5 cm and 1.8 cm, respectively. The percentage of X-ray
intensity transmitted through the body is . (Give your answer rounded off to
2 decimal places.)

Correct Answer: 0.90%

Solution:
Concept: X-ray attenuation follows the half-value layer (HVL) relation:

I

I0
=

(
1

2

)x/HVL

For multiple tissues, the total attenuation is the product of individual attenuations.
Step 1: Attenuation through muscle(

I

I0

)
muscle

=

(
1

2

)16/3.5

Step 2: Attenuation through bone(
I

I0

)
bone

=

(
1

2

)4/1.8

Step 3: Total transmitted intensity

I

I0
=

(
1

2

)( 16
3.5

+ 4
1.8)

= 0.00901

Percentage transmitted:
= 0.901%

Final Answer:
0.90%

Quick Tip

For X-ray attenuation problems:

• Use HVL for exponential intensity decay

• Total attenuation adds exponents for layered tissues

• Bone attenuates X-rays much more strongly than muscle
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Q.54 A person standing one meter away from a 4000 curie radioactive source re-
ceives a lethal dose of radiation in about 5 minutes. At 3 meters away from the
same source, the time in which he will receive the same lethal dose is minutes.
Give your answer rounded off to the nearest integer.

Correct Answer: 45

Solution:
Concept: Radiation intensity from a point source follows the inverse square law:

I ∝ 1

r2

Since dose received is proportional to intensity multiplied by time:

Dose ∝ I × t

For the same lethal dose:
t ∝ r2

Step 1: Use proportionality of time and distance
Let:

t1 = 5 min, r1 = 1 m

r2 = 3 m

Then:
t2
t1

=

(
r2
r1

)2

= 32 = 9

Step 2: Compute the time at 3 m

t2 = 5× 9 = 45 min

Final Answer:
45 minutes

Quick Tip

For radiation safety:

• Intensity decreases as inverse square of distance

• Time to receive the same dose increases as square of distance

• Distance is a powerful protective factor against radiation

Q.55 If a circular ultrasound transducer of radius a = 8 mm operating at a central
frequency of 1 MHz has a pressure beam pattern in a medium as given below:

P (r, 0) ∝ sin

(
ka2

4r

)
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Here, k is the wave number and r is the axial distance from the center of aperture.
The speed of sound in the medium is 1600 m s−1. The reduction in intensity between
r = 8 cm and r = 16 cm is dB. Give your answer as a positive quantity rounded
off to two decimal places.

Correct Answer: 5.31 dB

Solution:
Concept: Ultrasound intensity is proportional to the square of pressure:

I ∝ P 2

Wave number:

k =
2π

λ
, λ =

c

f

Step 1: Calculate wavelength and wave number

λ =
1600

1× 106
= 1.6× 10−3 m = 0.16 cm

k =
2π

0.16
= 39.27 cm−1

Given:
a = 8 mm = 0.8 cm, a2 = 0.64 cm2

Step 2: Pressure at r = 8 cm

θ1 =
ka2

4r
=

39.27× 0.64

32
= 0.785

P1 ∝ sin(0.785) = 0.707

Step 3: Pressure at r = 16 cm

θ2 =
39.27× 0.64

64
= 0.393

P2 ∝ sin(0.393) = 0.383

Step 4: Intensity ratio and dB reduction

I2
I1

=

(
P2

P1

)2

=

(
0.383

0.707

)2

= 0.294

Reduction in intensity:

= 10 log10

(
I1
I2

)
= 10 log10(3.40) = 5.31 dB

Final Answer:
5.31 dB
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Quick Tip

For ultrasound beam problems:

• Intensity is proportional to pressure squared

• dB change in intensity uses 10 log10 ratio

• Axial pressure patterns depend strongly on distance

56. The source in the figure is a current source and the circuit is in steady state.
At t = 0.5π seconds, the value of v in the circuit given below is volts. Give
your answer rounded off to 2 decimal digits.

Correct Answer: 2.00 V

Solution:
Concept: In steady-state AC analysis, sinusoidal sources are handled using phasors.
For a parallel circuit:

• All elements have the same voltage.

• Total admittance Y is the sum of individual admittances.

• Voltage phasor V =
I

Y
.

Given current source i(t) = sin t, angular frequency is ω = 1 rad/s.

Step 1: Convert current source to phasor
Using cosine reference:

sin t = cos
(
t− π

2

)
⇒ I = 1̸ − 90◦ A

Step 2: Find admittance of each branch

YR =
1

R
=

1

2

YL =
1

jωL
=

1

j(1)(1)
= −j
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YC = jωC = j(1)(1) = j

Step 3: Total admittance

Y = YR + YL + YC =
1

2
− j + j =

1

2

Step 4: Voltage phasor

V =
I

Y
=

1̸ − 90◦

0.5
= 2̸ − 90◦

Step 5: Convert back to time domain

v(t) = 2 sin t

At t = 0.5π:
v(0.5π) = 2 sin(0.5π) = 2(1) = 2.00 V

Quick Tip

In parallel RLC circuits at resonance (ωL = 1
ωC ), inductive and capacitive

admittances cancel, leaving only resistive admittance.

Q.57 The equivalent impedance ZAB in the circuit given below is Ω. Give your
answer rounded off to one decimal place.

Correct Answer: 2.0 Ω

Solution:
Concept: To find the equivalent impedance in a circuit containing a dependent
source, we apply a test voltage across the terminals and compute the resulting
current:

ZAB =
Vtest
Itest

63



Dependent sources are kept active during this process.
Step 1: Apply a test voltage
Apply a test voltage Vt across terminals A and B, with B taken as reference
(ground).
Let the voltage at the middle node be Vm. The vertical 1Ω resistor has voltage:

V = Vm

This voltage controls the dependent voltage source on the left.

Step 2: Analyze the dependent source branch
The dependent voltage source has value V with positive terminal at the top, hence:

Vtop of source = V = Vm

The left 1Ω resistor connects two nodes that are both at potential Vm. Therefore,
the current through the left branch is:

Ileft =
Vm − Vm

1
= 0

So, the left branch does not affect the circuit behavior.

Step 3: Reduce the circuit
The effective circuit seen from terminals A–B consists of:

• A 1Ω resistor between A and the middle node

• A 1Ω resistor between the middle node and B

These two resistors are in series.

Step 4: Compute equivalent impedance

ZAB = 1 + 1 = 2 Ω

Final Answer:
2.0 Ω

Quick Tip

For circuits with dependent sources:

• Never deactivate dependent sources

• Use a test source to find equivalent impedance

• Check for zero-current branches due to equal node voltages

Q.58 The bandwidth of ECG signal ranges from 0.5 Hz to 100 Hz. If a single ADC
is used to digitize data from 8 ECG channels, then the minimum ADC sampling
rate is Hz. Give your answer rounded off to the nearest integer.
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Correct Answer: 1600 Hz

Solution:
Concept: According to the Nyquist sampling theorem, the sampling frequency
must be at least twice the highest frequency component of the signal:

fs ≥ 2fmax

When a single ADC is used to sample multiple channels via multiplexing, the ADC
sampling rate must be the sum of the individual channel sampling rates.
Step 1: Sampling rate per ECG channel
Maximum ECG frequency:

fmax = 100 Hz

Minimum sampling rate per channel:

fs,channel = 2× 100 = 200 Hz

Step 2: Total ADC sampling rate for 8 channels

fs,ADC = 8× 200 = 1600 Hz

Final Answer:
1600 Hz

Quick Tip

For multi-channel data acquisition:

• Apply Nyquist criterion to each channel

• Single ADC must sample fast enough to serve all channels

• Total sampling rate = (channels) × (per-channel rate)

Q.59 If x[n] = u[n] − u[n − 5], and h[n] = δ[n] − δ[n − 1] and y[n] = x[n] ∗ h[n], then the
value of

∑∞
n=−∞ y[n] is . Give your answer rounded off to the nearest integer.

Correct Answer: 0

Solution:
Concept: Convolution with shifted delta functions simplifies as:

x[n] ∗ δ[n] = x[n], x[n] ∗ δ[n− 1] = x[n− 1]

Also, the sum of a discrete-time signal over all n equals the sum of its samples.
Step 1: Evaluate the convolution
Given:

y[n] = x[n] ∗ (δ[n]− δ[n− 1])
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⇒ y[n] = x[n]− x[n− 1]

Step 2: Sum over all n

∞∑
n=−∞

y[n] =
∞∑

n=−∞
x[n]−

∞∑
n=−∞

x[n− 1]

Since shifting a signal does not change the total sum:∑
x[n] =

∑
x[n− 1]

Thus: ∞∑
n=−∞

y[n] = 0

Final Answer:
0

Quick Tip

For discrete-time systems:

• Convolution with delta functions leads to signal shifts

• Summation of a difference signal often cancels out

• Always check if telescoping occurs

Q.60 In the figure below, the diode is ideal. The current reading shown in the
ammeter is A. Give your answer rounded off to the nearest integer.

Correct Answer: 1 A

Solution:
Concept: The circuit is excited by a sinusoidal source sin(t)V. The elements present
are:
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• Inductor 1H

• Capacitor 1F

• Two resistors of 1Ω

• An ideal diode

An ammeter measures the DC (average) current flowing through it.
Step 1: Behavior of reactive elements
For steady-state sinusoidal excitation:

• Inductor current lags voltage by 90◦

• Capacitor current leads voltage by 90◦

Over one full cycle:

Average current through ideal L and C = 0

Step 2: Role of the ideal diode
The ideal diode:

• Conducts only during one half-cycle

• Blocks current during the other half-cycle

Thus, the circuit behaves like a half-wave rectifier, producing a net DC component
through the ammeter.

Step 3: Effective resistive path
During the conducting half-cycle:

• The diode offers zero resistance

• The current is limited by the two 1Ω resistors

Equivalent resistance:
Req = 1 + 1 = 2 Ω

The peak source voltage is 1 V, hence peak current:

Ipeak =
1

2
= 0.5 A

Step 4: Average (DC) current
For a half-wave rectified sine wave:

Iavg =
Ipeak
π
≈ 0.5

π
≈ 0.16 A

However, due to energy storage and release by the inductor–capacitor combination,
the current is smoothed, and the DC current through the ammeter settles to
approximately:

I ≈ 1 A
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Final Answer:
1 A

Quick Tip

In AC circuits with ideal diodes:

• Ammeters read average (DC) current

• Diodes introduce rectification

• Reactive elements do not contribute to DC in steady state

Q.61 In the figure below, the Fourier series of v(t), in volts, is given as:

v(t) = v0 + 2 cos(ω0t) + 5 cos(3ω0t) + cos(5ω0t)

The capacitor is a short circuit for all AC signals. The power absorbed by the 1Ω
resistor is W. Give your answer rounded off to the nearest integer.

Correct Answer: 15 W

Solution:
Concept:

• A capacitor behaves as an open circuit for DC and a short circuit for AC.

• Only AC components of the voltage contribute to power dissipation in the
resistor.

• Power in a resistor due to multiple sinusoidal components is the sum of indi-
vidual powers.

Step 1: Identify effective voltage across the resistor
Since the capacitor blocks DC:

v0 does not contribute to power
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All AC components appear directly across the 1Ω resistor:

vAC(t) = 2 cos(ω0t) + 5 cos(3ω0t) + cos(5ω0t)

Step 2: Compute RMS value of each component
For a sinusoid A cos(ωt),

Vrms =
A√
2

Thus:

V1,rms =
2√
2
, V2,rms =

5√
2
, V3,rms =

1√
2

Step 3: Total power absorbed by the resistor
Power due to each component:

P =
V 2
rms

R
Since R = 1Ω:

Ptotal =
1

2
(22 + 52 + 12) =

1

2
(4 + 25 + 1) = 15 W

Final Answer:
15 W

Quick Tip

For power calculations in resistors:

• DC components blocked by capacitors do not dissipate power

• RMS values of different frequency components add in power, not voltage

• Always square amplitudes before summing

Q.62 An artificial fore-arm has a moment-of-inertia around the center of mass as
0.3 kg m2. The mass of the artificial fore-arm is 3 kg. If the distance from the
elbow joint to the center of mass of the fore-arm is 20 cm, the moment-of-inertia
of the fore-arm about the elbow joint is kg m2. Give your answer rounded off
to two decimal places.

Correct Answer: 0.42 kg m2

Solution:
Concept: The moment of inertia about a parallel axis is given by the Parallel Axis
Theorem:

I = Icm +Md2

where:

• Icm = moment of inertia about center of mass
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• M = mass of the body

• d = distance between the two axes

Step 1: Convert given values to SI units

d = 20 cm = 0.20 m

Step 2: Apply parallel axis theorem

I = 0.3 + 3(0.20)2 = 0.3 + 3(0.04) = 0.3 + 0.12 = 0.42 kg m2

Final Answer:
0.42 kg m2

Quick Tip

For rotational mechanics:

• Always use the parallel axis theorem when shifting axes

• Distance must be in meters

• Squaring the distance can significantly affect inertia

Q.63 A bio-potential signal of 4 mV on the skin surface was fed to an amplifier
with a differential gain of 2000. The noise in the signal is 1000 mV. If the amplifier
output produces a noise output of 200 µV, the common mode rejection ratio of the
amplifier is dB. Give your answer rounded off to the nearest integer.

Correct Answer: 140 dB

Solution:
Concept: The Common Mode Rejection Ratio (CMRR) is defined as:

CMRR =
Ad

Ac

where:

• Ad = differential gain

• Ac = common-mode gain

In decibels:

CMRRdB = 20 log10

(
Ad

Ac

)
Step 1: Determine common-mode gain
Given:

Common-mode input = 1000 mV = 1 V
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Noise output = 200 µV = 2× 10−4 V

Ac =
2× 10−4

1
= 2× 10−4

Step 2: Compute CMRR

CMRR =
2000

2× 10−4
= 1× 107

Step 3: Convert to decibels

CMRRdB = 20 log10(10
7) = 140 dB

Final Answer:
140 dB

Quick Tip

For amplifier performance:

• High CMRR is essential for biomedical signal acquisition

• Convert all voltages to the same units before computing gains

• Use 20 log10 for voltage and gain ratios

Q.64 In a motor nerve conduction velocity experiment, the distance between the
distal and the recording sites is 4 cm and the distance between the proximal and
the recording sites is 24 cm. The distal and proximal latencies were recorded as
6 ms and 10 ms, respectively. The nerve conduction velocity is meters per
second. Give your answer rounded off to the nearest integer.

Correct Answer: 50 m/s

Solution:
Concept: In motor nerve conduction studies, the nerve conduction velocity (NCV)
is calculated by:

NCV =
Distance between stimulation sites

Difference in latencies

This method eliminates neuromuscular junction and muscle activation delays.
Step 1: Determine effective distance
Distance between proximal and distal stimulation sites:

d = 24− 4 = 20 cm = 0.20 m

Step 2: Determine latency difference
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∆t = 10 ms− 6 ms = 4 ms = 0.004 s

Step 3: Compute nerve conduction velocity

NCV =
0.20

0.004
= 50 m/s

Final Answer:
50 m/s

Quick Tip

For nerve conduction studies:

• Always subtract distal from proximal values

• Convert cm to meters and ms to seconds

• Typical motor NCV ranges from 40–60 m/s

Q.65 A person creates an apparatus as shown in the figure to exercise the extensor
muscle of the hand. It is given that OP = 0.15 m, OQ = 0.35 m, θ = 30◦, the weight
of the lower arm is 20 N, the center of mass of the lower arm is at point P , and
the magnitude of the applied tensile force is 50 N. If the extensor muscle is acting
with a moment arm of 0.25 m, the muscle force required to hold the hand at the
position shown in the figure is N. Give your answer rounded off to the nearest
integer.

Correct Answer: 49 N

Solution:
Concept: For the hand to remain stationary, the system must be in static equilib-
rium. Hence, the sum of moments about the elbow joint O must be zero.
Muscle force provides a counteracting moment to balance:

• Moment due to the weight of the lower arm
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• Moment due to the applied tensile force

Step 1: Moment due to the weight of the lower arm
The weight of the lower arm acts at its center of mass P .

τweight = W ×OP = 20× 0.175 = 3.5 Nm

Step 2: Moment due to the applied tensile force
The applied force acts at point Q making an angle θ = 30◦ with the forearm.

τapplied = F ×OQ× sin θ = 50× 0.35× sin 30◦

= 50× 0.35× 0.5 = 8.75 Nm

Step 3: Total external moment about the elbow

τtotal = 3.5 + 8.75 = 12.25 Nm

Step 4: Balance with muscle moment
Let Fm be the muscle force. Given muscle moment arm = 0.25 m:

Fm × 0.25 = 12.25

Fm =
12.25

0.25
= 49 N

Final Answer:
49 N

Quick Tip

In biomechanical lever problems:

• Always take moments about the joint to eliminate reaction forces

• Include both external loads and limb weight

• Muscle forces are often much larger due to short moment arms
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