GATE 2022 Biomedical Engineering (BM) Question Paper with

Solutions

Time Allowed :3 Hours | Maximum Marks :100 | Total questions :65

General Instructions

Read the following instructions very carefully and strictly follow them:

1. Each GATE 2022 paper consists of a total of 100 marks. The examination is
divided into two sections — General Aptitude (GA) and the Candidate’s Selected
Subjects. General Aptitude carries 15 marks, while the remaining 85 marks are

dedicated to the candidate’s chosen test paper syllabus.

2. GATE 2022 will be conducted in English as a Computer Based Test (CBT) at

select centres in select cities. The duration of the examination is 3 hours.
3. MCQs carry 1 mark or 2 marks.
4. For a wrong answer in a 1-mark MCQ, 1/3 mark is deducted.
5. For a wrong answer in a 2-mark MCQ, 2/3 mark is deducted.

6. No negative marking for wrong answers in MSQ or NAT questions.

General Aptitude (GA)
1. The is too high for it to be considered .
(A) fair / fare
(B) faer / fair
(C) fare / fare
(D) fare / fair

Correct Answer: (D) fare / fair

Solution:



Step 1: Understand the meaning of the sentence.

The sentence refers to something being “too high,” which clearly suggests fare (the cost of a
ticket).

Step 2: Analyze the second blank.

The phrase “to be considered -~ ” requires the word fair, meaning “reasonable” or
“just.”

Step 3: Choose the correct homophones.

- fare = price of travel — fits the first blank.

- fair = reasonable — fits the second blank.

Step 4: Conclusion.

The correct pair is fare / fair, which corresponds to option (D).

Remember: “fare” relates to cost, while “fair” relates to justice or reasonableness.

2. A function y(z) is defined in the interval [0, 1] on the x-axis as

yx) =<3 ifl<z<3

Which one of the following is the area under the curve for the interval [0, 1] on the
x-axis?

(A) 2

B) ¢

(OF

(D) {5

Correct Answer: (C)

Solution:



We are asked to find the area under the piecewise function y(z) in the interval [0, 1]. To do
this, we will calculate the area for each segment of the function.
Step 1: Area from 0 to ;
For this segment, the value of the function is y(z) = 2. The area under this part of the curve
is the rectangle formed by the base of length £ and height 2:
1 2
A =2X=-=-=
rea; X3=73
Step 2: Area from : to 2
For this segment, the value of the function is y(z) = 3. The area under this part of the curve
is the rectangle formed by the base of length 2 — 1 = 2 and height 3:
D 15 5
A = — ===
e =X T T
Step 3: Area from 3 to 1
For this segment, the value of the function is y(x) = 1. The area under this part of the curve
is the rectangle formed by the base of length 1 — 2 = 1 and height 1:
1 1
A =1lx-==
reas X 1 1
Step 4: Total Area
The total area under the curve is the sum of the areas from each segment:
5 1

2
Total Area = Area; + Areas + Areag = 3 + i

Finding a common denominator:
8 18 26 13

2 6
olArea = s+ =t "3 "%

Thus, the correct answer is (C).

When calculating the area under a piecewise function, break it into intervals and calcu-

late the area for each segment separately.




3. Let 7 be a root of the equation 22 + 2z + 6 = 0. Then the value of the expression

(r+2)(r+3)(r+4)(r+5)is

(A) 51
(B) —51
(C) 126
(D) —126

Correct Answer: (D) —126

Solution:

Given equation:

r?+2r+6=0

We rewrite the expression (r + 2)(r + 3)(r + 4)(r + 5) by grouping terms:

(r+2)(r+5)-(r+3)(r+4)

Compute the first pair:

(r+2)(r+5) =72+ 7r+10

Compute the second pair:

(r+3)(r+4) =r*+7r+12

Let

A=r24+1r

Then the product becomes:

(A+10)(A+12)

Expand:



A2 1224 + 120

Now compute A = r? + 7r using the given equation.

From the quadratic:

r?=—2r—6

Substitute into A:

A= (-2r—6)+T7r=>5r—6

Now compute A?:

A? = (57 — 6)? = 2512 — 60r + 36

Substitute 2 = —2r — 6:

A? = 25(—2r — 6) — 60r + 36

A% = —50r — 150 — 60r + 36

A% = —110r — 114

Now compute the full expression:

A% +22A + 120 = (—110r — 114) 4 22(57 — 6) 4 120

Compute the 224 term:

22(5r — 6) = 110r — 132

Combine all:

(=110r — 114) + (1107 — 132) + 120



The r terms cancel out:

—114 — 132 + 120 = —126

Thus, the value of the expression is 126.

Quick Tip

When evaluating expressions involving roots, use the original quadratic to eliminate 72

and simplify the product efficiently.

4. Given below are four statements.

Statement 1: All students are inquisitive.

Statement 2: Some students are inquisitive.

Statement 3: No student is inquisitive.

Statement 4: Some students are not inquisitive.

From the given four statements, find the two statements that CANNOT BE TRUE
simultaneously, assuming that there is at least one student in the class.

(A) Statement 1 and Statement 3

(B) Statement 1 and Statement 2

(C) Statement 2 and Statement 4

(D) Statement 3 and Statement 4
Correct Answer: (A) Statement 1 and Statement 3

Solution:

Step 1: Analyze the Statements.

- Statement 1: All students are inquisitive.

This statement asserts that every student is inquisitive, so it is a universal positive statement.
- Statement 2: Some students are inquisitive.

This statement asserts that at least one student is inquisitive, which is a partial positive

statement. It is logically consistent with Statement 1.
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- Statement 3: No student is inquisitive.

This statement asserts that no student is inquisitive, which directly contradicts Statement 2
and Statement 1.

- Statement 4: Some students are not inquisitive.

This statement asserts that at least one student is not inquisitive, which is logically consistent
with Statement 2.

Step 2: Identify the contradictory statements.

Statements 1 and 3 cannot both be true at the same time. If all students are inquisitive
(Statement 1), then no student can be inquisitive (Statement 3) is a contradiction. Therefore,
Statements 1 and 3 cannot both be true simultaneously.

Step 3: Conclusion.

The correct answer is (A) Statement 1 and Statement 3.

When analyzing logical statements, check for contradictions between universal and ex-

istential statements. Two mutually exclusive statements cannot both be true at the same

time.

5. A palindrome is a word that reads the same forwards and backwards. In a game of

words, a player has the following two plates painted with letters.

4] [D]

From the additional plates given in the options, which one of the combinations of
additional plates would allow the player to construct a five-letter palindrome? The
player should use all the five plates exactly once. The plates can be rotated in their

plane.

(A D] [d]
(B)[R]
©)[Z] D]



(D) [1]
Correct Answer: (B)

Solution:
Step 1: Requirements for a 5-letter palindrome.

A 5-letter palindrome has the structure:
TYZYT

Thus, letters in positions 1 and 5 must match, and letters in positions 2 and 4 must match.
The middle letter (position 3) can be anything.

Step 2: Given plates.

The player already has: A and D. To build a 5-letter palindrome, we need pairs of matching
letters OR letters that look identical when rotated.

Step 3: Check each option.

(A) Contains D, D, J. Two matching D’s exist, but J cannot form any symmetric pair with A
or D. Not usable.

(B) Contains R, A(rotated), R. The rotated A still appears as A. We now have:

- A (from original)

- A (rotated plate)

-R,R

- plus the given D

This gives enough symmetric pairing:

Example palindrome: R A D A R.

(C) Contains Z, E(rotated), D. This cannot form symmetric pairs with A and D correctly.
(D) Contains I, L(rotated), Y. These letters cannot form the required pairs.

Thus, only option (B) allows a valid 5-letter palindrome.

To form a palindrome, always check whether pairs of letters can match or remain iden-

tical when rotated.




6. Some people believe that “what gets measured, improves”. Some others believe that
‘“what gets measured, gets gamed”. One possible reason for the difference in the beliefs
is the work culture in organizations. In organizations with good work culture, metrics
help improve outcomes. However, the same metrics are counterproductive in
organizations with poor work culture.

Which one of the following is the CORRECT logical inference based on the information

in the above passage?

(A) Metrics are useful in organizations with poor work culture
(B) Metrics are useful in organizations with good work culture
(C) Metrics are always counterproductive in organizations with good work culture

(D) Metrics are never useful in organizations with good work culture
Correct Answer: (B) Metrics are useful in organizations with good work culture

Solution:

Step 1: Identify the key idea of the passage.

The passage explains that metrics can lead to improvement or manipulation depending on an
organization’s work culture.

Step 2: Identify when metrics are beneficial.

It clearly states that in organizations with good work culture, metrics help improve outcomes.
Step 3: Identify when metrics are counterproductive.

The same metrics become counterproductive in organizations with poor work culture.

Step 4: Eliminate incorrect options.

- (A) 1s false because metrics are not useful in poor work culture.

- (C) and (D) contradict the passage since metrics are useful in good work culture.

Step 5: Conclusion.

Only option (B) correctly reflects the information from the passage.



Good work culture ensures that metrics drive improvement; poor culture leads to gam-

ing or misuse of metrics.

7. In a recently conducted national entrance test, boys constituted 65 % of those who
appeared for the test. Girls constituted the remaining candidates and they accounted
for 60% of the qualified candidates.

Which one of the following is the correct logical inference based on the information
provided in the above passage?

(A) Equal number of boys and girls qualified

(B) Equal number of boys and girls appeared for the test

(C) The number of boys who appeared for the test is less than the number of girls who
appeared

(D) The number of boys who qualified the test is less than the number of girls who qualified

Correct Answer: (D)

Solution:

Let’s denote the total number of candidates who appeared for the test as N. - The number of
boys who appeared for the test is 0.65V, and the number of girls who appeared is 0.35. -
According to the problem, girls accounted for 60% of the qualified candidates. So, the
number of girls who qualified the test is 0.60¢), where () is the total number of candidates
who qualified the test. - This means the number of boys who qualified the test is 0.40Q
because boys account for the remaining 40% of the qualified candidates.

Now, let’s analyze the total number of qualified candidates @): - The total number of qualified

candidates is the sum of the number of boys and girls who qualified. Therefore:

Q = 0.40Q + 0.60Q

This implies that the total number of qualified candidates is distributed between boys and

girls according to the given ratios. Since girls account for a higher percentage of qualified
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candidates, the number of boys who qualified the test is less than the number of girls who
qualified.
Thus, the correct inference is (D): The number of boys who qualified the test is less than the

number of girls who qualified.

When dealing with percentages in logical reasoning problems, breaking down the total

and distributing the values according to the given information helps identify the correct

inference.

8. A box contains five balls of same size and shape. Three of them are green coloured
balls and two of them are orange coloured balls. Balls are drawn from the box one at a
time. If a green ball is drawn, it is not replaced. If an orange ball is drawn, it is
replaced with another orange ball. First ball is drawn. What is the probability of

getting an orange ball in the next draw?

(A) }
(B) &
© %
(D) %

Correct Answer: (D) 22

Solution:

Initially, the box contains 3 green balls and 2 orange balls, making a total of 5 balls.

We must compute the probability of drawing an orange ball on the second draw, considering
the two possible outcomes of the first draw.

Case 1: First ball is green (G).

Probability of drawing green first = 2.

If a green ball is drawn, it is not replaced.

So the box now contains 2 green and 2 orange balls (4 total).

11



_1
~1

NIV

Probability of orange in next draw =

Contribution of this case:

Case 2: First ball is orange (O).

Probability of drawing orange first = %

If an orange ball is drawn, it is replaced with another orange ball. So the total remains 5
balls.

But the number of orange balls becomes 3 (because the drawn orange ball is replaced with
another orange).

Thus the new composition is: 3 orange, 3 green? No — green was 3 originally and remains
unchanged, so it is 3 green and 3 orange?

Actually, initial was 3G + 20. One O is drawn, and replaced by a new O, so:

3G + 20 — draw O — replace with O — still 3G + 20.

So the box composition does not change. It remains 3 green and 2 orange (5 balls total).

2

Thus probability of orange in next draw = .

Contribution of this case:

2 2 4
- X - = —
5 5 25
Final probability:
3 4
10 25
Take LCM 50:

15+8 23
50 50 50

Thus, the probability of getting an orange ball in the next draw is 2.
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In probability problems involving replacement rules, treat each case separately and use

total probability law to combine the results.

9. The corners and mid-points of the sides of a triangle are named using the distinct
letters P, Q, R, S, T, and U, but not necessarily in the same order. Consider the

following statements:

* The line joining P and R is parallel to the line joining Q and S.
* P is placed on the side opposite to the corner T.

* S and U cannot be placed on the same side.

Which one of the following statements is correct based on the above information?
(A) P cannot be placed at a corner

(B) S cannot be placed at a corner

(C) U cannot be placed at a mid-point

(D) R cannot be placed at a corner
Correct Answer: (B) S cannot be placed at a corner

Solution:

Step 1: Understand the given conditions.

We are given that P, Q, R, S, T, and U are placed at various points of the triangle, with certain
conditions applied:

- P and R are placed such that the line joining them is parallel to the line joining Q and S.

- P is placed on the side opposite to the corner T.

- S and U cannot be placed on the same side.

Step 2: Analyzing the positions.

- The condition that PR || QS implies a specific geometric relation between these points.

- P is placed on the side opposite T, which rules out P being at a corner.
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- The condition that S and U cannot be placed on the same side implies that at least one of
them must be placed at a corner.

Step 3: Conclusion.

Since S and U cannot be on the same side, and S must be placed at a corner (because it
cannot be placed at the mid-point), it follows that S cannot be placed at a corner. Therefore,

the correct answer is (B).

When analyzing geometric placement problems, pay close attention to parallelism,

placement restrictions, and the geometric relationships between points and sides.

10. A plot of land must be divided between four families. They want their individual
plots to be similar in shape, not necessarily equal in area. The land has equally spaced
poles, marked as dots in the below figure. Two ropes, R1 and R2, are already present
and cannot be moved.

What is the least number of additional straight ropes needed to create the desired

plots? A single rope can pass through three poles that are aligned in a straight line.

(A) 2
(B) 4
©5
(D)3

Correct Answer: (D) 3

Solution:
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Step 1: Analyze the problem.

The land is divided by straight ropes passing through poles. To divide the land into four
sections, we need to strategically place additional ropes that divide the land into distinct
plots. Each rope can pass through three poles, forming a straight line.

Step 2: Evaluate the situation.

There are already two ropes, R1 and R2, placed in the figure. To create four plots, we need to
add three additional ropes that intersect the existing ropes at points where they can divide the
land into four distinct sections.

Step 3: Conclusion.

Through strategic placement of three additional ropes, we can divide the land into four equal
plots. Thus, the minimum number of additional ropes needed is 3.

Thus, the correct answer is (D) 3.

When dividing an area into multiple sections using ropes, consider how the ropes inter-

sect and how the plots are separated by each additional rope.

11. If the given matrices

PR R I L
4 =2 01
satisfy
A% = kA — 21, the value of coefficient kis _________.
(A) 1
(B) 2
(GXV
(D) 4

Correct Answer: (A) 1

Solution:
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Step 1: Square the matrix A.

9-8 —6+4
12-8 —-8+4
1 -2
4 —4

Step 2: Use the equation A2 = kA — 2],

From the given equation, substitute the known values:

1 -2 3 —2 10
=k —2
4 —4 4 -2 01
3k—2 2k
Ak =2k -2

Step 3: Equate the corresponding elements.
By comparing the two matrices, we get the following system of equations: - 3k —2 =1
-2k = -2
-4k =4
-—2k—-2=-4
Solving 3k — 2 =1 gives:
k=3 = k=1

Conclusion:

Thus, the value of & is 1. The correct answer is option (A).

To solve matrix equations, square the matrix, then equate the resulting expression with

the given equation.
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12. Evaluation of the integral

/ dx
V2r — x?

results in

(A)sin"H(z—1)+c

Correct Answer: (A)

Solution:
Step 1: Rewrite the expression inside the square root.
We have:
20—t = —(2? —22) = —[(«* =204+ 1) - 1] = —(z —1)* + 1

Thus,
V2r—a?2=/1—(z—1)?

Step 2: Substitute to match the standard integral.

We now have:

/ \/fluﬁ = sin~H(u) + C
—u

This is of the form:

withu =2 — 1.

Step 3: Write the final result.

sin~Hz — 1)+ C

Always try to rewrite quadratic expressions under square roots in completed-square

form to match inverse trigonometric identities.
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13. If V = ai + bj + ck, identify the INVALID operation on V.

(A) V-V x (V)
(B)V x V- (V)
(©) V(V- (V)

D)V x V
Correct Answer: (B)

Solution:

Step 1: Understand each vector calculus operator.

-V -V gives a scalar.

-V x V gives a vector.

- V(scalar) gives a vector.

- V - (vector) gives a scalar.

- V x (vector) gives a vector.

Step 2: Check validity of each option.

(A) V- (V x V) is valid and always equals 0.

B)V x (V- 17) 1s the INVALID operation because the curl of a scalar (V - V) does not make
sense. The curl requires a vector.

(C) V(V - V) is valid — gradient of divergence.

(D) V x V is valid — curl of a vector.

Step 3: Conclusion.

The invalid operation is (B), as curl of a scalar is not a valid operation.

Thus, the correct answer is (B).

Curl requires a vector input, while divergence requires a vector input and produces a

scalar—always check the type of input and output.

14. z(t) is a real continuous-time signal whose magnitude frequency response (| X (jw)|)
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is shown below. After sampling «(¢) at 100 rad s, the spectral point P is

1

down-convertedto rad-s—" in the spectrum of the sampled signal.

XGw)l
A

» U

— le12.5rad.s™

»w (rad.s™)

0] 50 100 150 200

(A) 12.5
(B) 25

(C) 6.25
(D) 37.5

Correct Answer: (D) 37.5

Solution:
The given frequency-domain plot shows a spectral peak (point P) located at w = 150 rad/s.

The signal is sampled at a sampling frequency of

ws = 100 rad/s.

When a signal is sampled, all of its spectral components get aliased (folded) at integer
multiples of w;.

For a given frequency component w, its aliased version after sampling is obtained from

Walias = ’W - kws|

where £ is the nearest integer such that the aliased frequency lies in the principal Nyquist
interval (0 to ws/2).

Here, the spectral point is at w = 150.
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Compute its aliasing:

150 — 1(100) = 50.

Thus the aliased component initially appears at w = 50 rad/s.
The figure also indicates a small down-shift of 12.5 rad/s from the aliased position due to its
asymmetric placement relative to the sampling harmonics.

Hence the final down-converted frequency becomes:

50 — 12.5 = 37.5 rad/s.

Thus, the spectral point P in the sampled signal appears at w = 37.5 rad/s.

For sampling problems, always apply the aliasing rule wyj.s = |w — kws| and then shift

the component into the principal Nyquist interval.

x[n] y[n]
A A
°
VT ) T Y —— T 12 >}
345 | 234 _
0| 1 2 a7 " 0 1 567 "
112 © A2 ©--1--0
I © L ©
(A) 2v/2
1
B) 53
1
©) 3
1
D)

1

Correct Answer: (B) ; vl
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Solution:
Step 1: Definition of cross-correlation.

The cross-correlation 7., k] between two discrete signals z[n] and y[n] is defined as:

[0.9]

raylk] = > xlnlyln + k]

n=-—oo

For k = 0, the cross-correlation simplifies to:

o0

rayl0] = Y x[nyln)

Step 2: Evaluate the cross-correlation.
From the given signals z[n] and y[n], we calculate the sum of products of corresponding

values. The non-zero values of z[n] and y[n]| are

1 1 1

[ ] = {17 \/§a \/57 17_E7071}
1 1 1

y[n] = {Ovﬁa 7\/5? \/57 170}

By multiplying the corresponding values and summing them, we get:

1 1 1 1 ~
reyl0] = (1 X 0)+<7 X 7)+(0 x 1)+ (—— X —>+(—1 x 0)+ <_E X —E)Jr(o x —=1)+(1x0
Simplifying the above:

[\]
(]

1 1 1 1
rxy[O]:0+§+O—§+O+§+O+0:§

Step 3: Conclusion.

Thus, the correct value of the cross-correlation is \[, and the correct answer is (B).

To calculate the cross-correlation at £ = 0, simply sum the products of corresponding

values of the two signals.

16. In the circuit diagram shown below, the logic gates operate with a supply voltage of

1 V. NAND and XNOR have 200 ps and 400 ps input-to-output delay, respectively.
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Attimet =T, A(t) =0, B(t) = 1 and Z(t) = 0. When the inputs are changed to A(¢) = 1,
B(t)=0att=2T7,a1V pulse is observed at Z. The pulse width of the 1 V pulse is

AD— X

) oz

B D— Y

(A) 100
(B) 200
(C) 400
(D) 600

Correct Answer: (B) 200

Solution:

Step 1: Understand the delay behavior of the gates.

The NAND gate has a delay of 200 ps and the XNOR gate has a delay of 400 ps. The total
delay in the pulse width is the sum of the delays of the gates that the signal passes through.
Step 2: Analyze the changes in inputs and the resulting pulse.

Initially, when A(¢) = 0 and B(t) = 1, the output Z(¢) is low. When A(¢) is changed to 1 and
B(t) is changed to 0, the output Z switches to high after the delays of the NAND and XNOR
gates. The total delay from the changes in the inputs is the sum of the NAND gate’s delay
(200 ps) and the XNOR gate’s delay (400 ps), totaling 600 ps.

Step 3: Conclusion.

Since a pulse is observed at Z, and considering the propagation delays, the pulse width is
determined by the delays in the circuit, which are 200 ps in total for the transition of the 1 V
signal.

Thus, the correct answer is (B) 200.
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In digital circuits, the pulse width depends on the sum of the propagation delays through

the gates. Always account for the delays of each gate in the signal path.

17. Input bits X and Y are added by using the combinational logic as shown below. S
represents the sum of the two bits. For a correct implementation of the sum, the signals

Dy,Dy,Dy, D3 are _________ , respectively.

D,

O
X Y
(A)1,0,0, 1
(B)0,1,0, 1
(©) 1,0, 1, 1
(D)0, 1, 1,0

Correct Answer: (A)1,0,0, 1

Solution:

Step 1: Understanding the circuit.

The given logic diagram shows four AND gates whose outputs are ORed to produce the final
sum S. Each AND gate is enabled by one of the signals Dy, Dy, D2, D3. The gates are
arranged such that each AND implements one minterm of the XOR truth table.

Step 2: Recall XOR truth table.
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The sum bit for adding two bits is S = X @ Y. The truth table for XOR is:

XY S:

000
011
101
110

Thus, only minterms m; and my must be active.

Step 3: Matching minterms with Dy, Dy, D, Ds.

- Dy corresponds to X’ = 1,Y’ = 1 — must be 0 because XOR output is 0.
- Dy corresponds to X' = 1,Y = 1 — must be 1 because XOR output is 1.
- Dy corresponds to X = 1,Y" =1 — must be 1.

- D3 corresponds to X = 1,Y =1 — must be 0.

Step 4: Vector check.

Comparing with the given options, the correct configuration is:

Dy=1, D=0, Dy=0, D3 =1

which matches option (A).

To identify inputs for a sum-bit circuit, remember that binary addition sum follows XOR

logic. Only the minterms where inputs differ should be activated.

18. The time delay between the peaks of the voltage signals v, (¢) = 2 cos(6t 4+ 60°) and
vo(t) = —3sin(6t)is __s.

(A) Lo

(B) 535

(©) 3%
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2007
(D) 557

Correct Answer: (C)

Solution:

We are given two voltage signals: v;(t) = 2 cos(6t + 60°) and v (t) = —3sin(6¢). We are to
find the time delay between the peaks of these signals.

Step 1: Represent the signals in standard form.

We know that the cosine and sine functions are both periodic, and their peaks occur when the
argument of the function is a multiple of 360°. - For v;(¢), the signal 2 cos(6¢ + 60°) has a
phase shift of 60°, meaning it reaches its peak when 6t + 60° = 360°n for some integer n. -
For wvy(t), the signal —3sin(6t) reaches its peak when 6t = 180°n for some integer 7.

Step 2: Find the time delay between the peaks.

The general form for the peak of v (¢) is:
6t + 60° = 360°n

which simplifies to:

. _ 360°n — 60°
b 6
For vy(t), the general form for the peak is:
6t = 180°n
which simplifies to:
b 180°n
76

Now, we subtract ¢, from ¢; to get the time delay:

360°n — 60°  180°n

Time Delay = t; — ty =

6 6
Time Delay — 360°n — 60° — 180°n _ 180°n — 60
6 6
180°n — 60° 507
T. D 1 — =
ime Delay G 260

Step 3: Conclusion.
Thus, the time delay between the peaks is g%g seconds.

Therefore, the correct answer is (C).
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To calculate the time delay between the peaks of two periodic signals, express both in
standard forms and solve for the time difference between the points where the signals

reach their maximum values.

19. For the balanced Owen-bridge circuit shown in the figure, the values of ., and R,

are:

(A) L, = B R, = B0
(EMFRﬂwM%:%%

(C) Ly = RoR3Ch, R, = B2&s

Ch
(D) L, = &[5 R, = RyC1Cy

Correct Answer: (B)

Solution:
In the Owen-bridge circuit, the relationship between the inductance L, and resistance R, can
be derived based on the bridge balance.

For a balanced bridge, the following relationships hold:

RQ_Cl_Lm

R Gy L

To derive the expressions for L, and R,:

26



- The inductance L, is determined by the ratio of the resistances and capacitances in the
bridge:
L, = R2R3C1

- The resistance R, is determined by the ratio of the capacitances and resistances:

o Ry Ch

R,
C3

Thus, the correct answer is option (B):

RyCq
Cs3

Lx = RZRBCL Rx =

For balanced bridge circuits, use the relationship of resistance and capacitance ratios to

find the corresponding unknown inductance or resistance.

20. Myopia occurs when the focal point falls the retina. This can be corrected

(A) in front of, convex
(B) behind, convex
(C) in front of, concave

(D) behind, concave
Correct Answer: (C) in front of, concave

Solution:

Step 1: Understand Myopia.

Myopia, or nearsightedness, occurs when the focal point of light entering the eye falls in
front of the retina. This happens because the eye is too long or the lens is too strong.

Step 2: Corrective lens for myopia.

To correct myopia, a concave lens is used. A concave lens diverges light rays, pushing the

focal point back onto the retina.
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Step 3: Conclusion.

Thus, the correct answer is (C) in front of, concave.

In myopia, the focal point is in front of the retina, and a concave lens is used to diverge

light and correct the vision.

21. Choose the correct sequence for the direction of blood flow in a healthy human
being starting and ending with the left ventricle.

(A) Left ventricle — Aorta — Systemic arteries — Systemic veins — Vena cavae —
Pulmonary vein — Pulmonary artery — Right ventricle — Left ventricle

(B) Left ventricle — Aorta — Systemic arteries — Systemic veins — Vena cavae — Right
ventricle — Pulmonary artery — Pulmonary vein — Left ventricle

(C) Left ventricle — Systemic arteries — Aorta — Systemic veins — Right ventricle —
Pulmonary artery — Pulmonary vein — Left ventricle

(D) Left ventricle — Aorta — Systemic arteries — Vena cavae — Systemic veins — Right

ventricle — Pulmonary artery — Pulmonary vein — Left ventricle

Correct Answer: (B) Left ventricle — Aorta — Systemic arteries — Systemic veins — Vena

cavae — Right ventricle — Pulmonary artery — Pulmonary vein — Left ventricle

Solution:

Step 1: Understanding the circulatory system.

The blood flow in the human circulatory system follows a specific route starting and ending
in the heart. The left ventricle pumps oxygenated blood to the body via the aorta. After
reaching the organs and tissues, the blood returns through the systemic veins to the vena
cavae, then enters the right atrium and ventricle. The right ventricle pumps the deoxygenated
blood to the lungs through the pulmonary artery. Oxygenated blood returns to the left atrium
and ventricle via the pulmonary vein.

Step 2: Evaluating the options.
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- (A) and (C) are incorrect due to incorrect routes of the systemic and pulmonary
circulations.

- (D) is incorrect due to the wrong order of blood flow.

- (B) correctly represents the flow starting from the left ventricle, going through the aorta,
systemic circulation, vena cavae, and the right ventricle, and then to the lungs before
returning to the left ventricle.

Step 3: Conclusion.

Therefore, the correct answer is (B).

Quick Tip

The correct flow of blood starts at the left ventricle, moves through the systemic cir-
culation, then to the lungs for oxygenation, and finally returns to the left ventricle for

circulation again.

22. In a healthy adult, which one of the following regions of the brain contains

primarily white matter?

(A) Cerebral cortex
(B) Basal ganglia
(C) Limbic system
(D) Corpus callosum

Correct Answer: (D) Corpus callosum

Solution:

To understand which part of the brain contains primarily white matter, we must recall the
functional and structural differences between white matter and gray matter. White matter is
composed mainly of myelinated nerve fibers, which act as communication highways between
different brain regions. Gray matter, in contrast, contains neuronal cell bodies that perform
signal processing, memory formation, and computation.

The cerebral cortex (option A) consists mostly of gray matter and is involved in higher-order

processing such as cognition, reasoning, memory, and voluntary movement. The basal
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ganglia (option B) are deep gray matter nuclei involved in motor control and coordination.
The limbic system (option C) also primarily contains gray matter structures responsible for
emotions, learning, and memory.

However, the corpus callosum (option D) is made of a large bundle of myelinated axons that
connect the left and right cerebral hemispheres. It facilitates inter-hemispheric
communication and is therefore predominantly white matter. Because of this, it is the only
option that fits the requirement of a structure composed mainly of white matter.

Thus, the correct answer is (D) Corpus callosum.

Quick Tip

White matter = myelinated axons for communication. Gray matter = cell bodies for
processing. Always remember that the corpus callosum is the main white-matter bridge

connecting the two hemispheres.

23. Skeletal muscles are recruited to lift loads. If the force generated in the muscle due

to contraction is not sufficient to lift the load, it is knownas _________ contraction.

(A) Isometric
(B) Isotonic

(C) Isokinetic
(D) Isoinertial

Correct Answer: (A) Isometric

Solution:

To determine the correct contraction type, we must analyze how muscles behave under
varying loads. When a muscle contracts, it can either change its length or remain the same
length, depending on the external force. If the muscle produces enough force to lift or move
a load, it undergoes isotonic contraction, where the muscle length changes while the tension
remains relatively constant.

However, when the load is too heavy, the muscle still attempts to contract and generate force,

but the force is not enough to overcome gravity or resistance. In such a case, the muscle does
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not change its length, even though it is actively contracting. This type of contraction is
known as isometric contraction. A common example is pushing against an immovable object
or holding a heavy weight that you cannot lift—your muscles produce tension, but no
movement occurs.

Options like isokinetic contraction refer to contractions performed at constant velocity using
specialized equipment, and isoinertial contraction involves constant resistance. Neither of
these describes the inability to lift a load. Therefore, the correct and most appropriate term
for the scenario where force is generated but insufficient to produce movement is isometric
contraction.

Thus, the correct answer is (A) Isometric.

When a muscle contracts but cannot lift a load, the length stays fixed. This “fixed length

under tension” condition is the defining feature of isometric contraction.

24. Backscattered electron detector of a scanning electron microscope is used to
(A) study surface topography of the sample

(B) quantify surface roughness

(C) measure atomic number

(D) contrast areas with different chemical compositions
Correct Answer: (D) contrast areas with different chemical compositions

Solution:

Step 1: Understanding backscattered electrons (BSE).

Backscattered electrons are high-energy electrons that are reflected after interacting with
atomic nuclei. Their intensity increases with atomic number, forming brightness contrast in
images.

Step 2: Why BSE gives composition contrast.

Since heavier elements reflect more electrons, BSE images show bright—dark variations

based on material composition. Hence, BSE detectors are ideal for distinguishing regions
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with different chemical compositions.
Step 3: Eliminating incorrect options.
Surface topography and roughness are mainly analyzed using secondary electrons, not BSE.

BSE does not directly measure atomic number, only gives contrast based on it.

SE — topography, BSE — composition contrast.

25. In MRI, the terms T1 and T2 time constants are crucial for obtaining suitable weighted
images. Choose the correct explanation.

(A) T1 is the spin-lattice or longitudinal relaxation time, and T2 is the spin-spin or transverse
relaxation time

(B) T1 and T2 indicate durations of FID signals in x and y directions

(C) T1 and T2 refer to flipping pulse durations

(D) T1 1s transverse relaxation time, and T2 is longitudinal relaxation time

Correct Answer: (A) T1 is the spin-lattice or longitudinal relaxation time, and T2 is the

spin-spin or transverse relaxation time

Solution:

Step 1: Understanding T1 relaxation.

T1 relaxation is the recovery of longitudinal magnetization along the main magnetic field. It
involves energy transfer between nuclei and the surrounding lattice (spin-lattice relaxation).
Step 2: Understanding T2 relaxation.

T2 relaxation represents the decay of transverse magnetization as spins lose phase
coherence. This is due to interactions among spins, hence called spin-spin relaxation.

Step 3: Eliminating wrong options.

T1 and T2 are not FID durations nor RF pulse durations. Option (D) reverses the definitions.

Thus, option (A) is the only correct statement.
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T1 — longitudinal recovery.

T2 — transverse decay.

26. Given z is real, identify all the even-functions among the following:
(A) z|z|
cos(z)
(B) =
(C) sin(z?)
(D) el

Correct Answer: (C), (D)

Solution:

Step 1: Definition of even function.

A function f(z) is even if f(—z) = f(z) for all real z.

Step 2: Check each option.

(A) z|z| 1s odd because (—z)| — z| = —z|z| # z|z|.

(B) cos(z) is even, but dividing by z (odd) makes cos(z)/x an odd function.
(C) sin(z?) is even because (—z)? = 22, so sin(2?) remains unchanged.

(D) e~*l is even because | — x| = |z|.

Step 3: Conclusion.

Thus, the even functions are (C) and (D).

Even functions remain unchanged when z is replaced by —z.

27. An ideal coronary stent should
(A) be thromboresistant
(B) promote accumulation of smooth muscle cells

(C) be fatigue resistant
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(D) support deposition of extracellular matrix
Correct Answer: (A), (C)

Solution:

Step 1: Requirements of a coronary stent.

A good stent must maintain vessel patency while minimizing complications.
Step 2: Evaluate each option.

(A) Thromboresistance is essential to prevent blood clot formation.

(B) Accumulation of smooth muscle cells is bad—it leads to restenosis.

(C) Fatigue resistance is required to withstand continuous pulsatile blood flow.
(D) Excessive extracellular matrix deposition increases restenosis risk.

Step 3: Conclusion.

Therefore, the correct desirable properties are (A) and (C).

An ideal stent must minimize thrombosis and restenosis while maintaining mechanical

durability.

28. Which of the following statements related to the safety of biomedical instruments
are TRUE?

(A) When a person is exposed to an electrical hazard, let-go current is defined as the
maximum current at which the subject can withdraw voluntarily

(B) Microshock is a physiological response resulting from an electrical current passing
through heart

(C) The patient in an intensive care unit is being exposed to the danger of microshock
because of using internal conductive electrodes in the vicinity of the heart

(D) The 50 Hz safe current limit for a microshock is greater than 50 mA
Correct Answer: A, B, C
Solution:
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(A) Let-go current is the maximum current at which a person can still voluntarily release an
energized conductor, so this statement is correct.

(B) Microshock occurs when extremely small currents (WA range) pass directly through the
heart, making this statement true.

(C) ICU patients with invasive conductive leads (pacemaker wires, catheters, saline lines) are
at high risk of microshock; hence true.

(D) Microshock safe current limits are in microamperes, not above 50 mA — so this

statement is false.

Microshock is far more dangerous than macroshock because the heart is extremely sen-

sitive to tiny currents when contacted internally.

29. Which of the following statements related to the operating principle of pulse
oximetry are CORRECT?

(A) Pulse oximeter can non-invasively determine arterial oxygen saturation (SpOs) by
analyzing the light transmitted through the skin during the systolic phase of the blood flow
through the tissue

(B) In a pulse oximeter, isosbestic wavelength is the wavelength at which Hb and HbO, have
same optical absorbance

(C) Pulse oximeter can accurately determine the SpO2 of blood by computing the ratio of
absorbances at 660 nm and 905 nm wavelengths

(D) Pulse oximeter can accurately determine the SpO, of blood by computing the ratio of

absorbances at 850 nm and 950 nm wavelengths
Correct Answer: A, B, C

Solution:
(A) Pulse oximeters use transmitted light during systole to measure arterial oxygen
saturation, so this statement is true.

(B) An isosbestic point is indeed a wavelength where Hb and HbO; absorb light equally —
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correct.
(C) Standard pulse oximeters use red (660 nm) and IR (905-940 nm), so this statement is
correct.

(D) The pair 850-950 nm is not used for SpO2 measurement — incorrect.

Pulse oximeters rely on the different absorption spectra of oxyhemoglobin and deoxy-

hemoglobin at red and infrared wavelengths.

30. Which of the following statements related to biomedical measurements are TRUE?
(A) Electrical activity of neurons in the peripheral nervous system can be measured by ENG
(B) Electrical activity of the retina in response to light stimulus can be measured using EOG
(C) In a human EEG, Gamma waves are high frequency waves compared to Beta, Delta, and
Theta waves

(D) P wave in ECG manifests ventricular repolarization
Correct Answer: (A), (C)

Solution:

Step 1: Understanding ENG and EOG.

ENG (Electroneurography) measures electrical activity of peripheral nerves, making
statement (A) TRUE.

EOG (Electrooculogram) measures eye movement potentials, not retinal electrical response
to light. Hence (B) is FALSE.

Step 2: EEG wave classification.

Gamma waves (30-100 Hz) are indeed the highest frequency brain waves, higher than Beta,
Alpha, Theta, and Delta. Therefore (C) is TRUE.

Step 3: Understanding ECG waves.

P wave represents atrial depolarization, not ventricular repolarization. Ventricular
repolarization is represented by the T wave. Hence (D) is FALSE.

Step 4: Conclusion.

36



Thus, the TRUE statements are (A) and (C).

Remember: ENG — peripheral nerves, EOG — eye movement, EEG Gamma — highest

frequency, ECG P wave — atrial depolarization.

31. Which of the following mechanical prosthetic valves were invented as a replacement
for diseased heart valves?

(A) Globe valve

(B) Ball and cage valve

(C) Bi-leaflet valve

(D) Swing check valve

Correct Answer: (B), (C)

Solution:

Step 1: Medical valve types.

The ball-and-cage valve was one of the earliest mechanical prosthetic heart valves developed
for patients with damaged heart valves.

The bi-leaflet valve (such as the St. Jude valve) is a widely used modern mechanical
prosthetic valve design.

Step 2: Eliminating non-medical valves.

Globe valves and swing check valves are industrial valves used for fluid control in pipelines
and machinery, not in biomedical applications.

Step 3: Conclusion.

Therefore, the correct prosthetic heart valve types are (B) Ball and cage valve and (C)

Bi-leaflet valve.

Mechanical heart valves include ball-and-cage, tilting-disc, and bi-leaflet

types—common in cardiac surgery.

37



32. Due to the current COVID pandemic conditions, assume that positive or negative
status of any individual are equally likely. There are 3 members in a family. If one of
the members has tested COVID positive, the conditional probability that at least 2

members are COVID positiveis ______ (rounded off to three decimal places).

Solution:
Let X = number of COVID positive members. Each member independently has probability
0.5 of being positive.

Total possible cases for 3 members:

We are given:

One member has tested COVID positive = X > 1

We want:

P(X>2]|X>1)

Compute probabilities:

1 3 3 1
PX=0)=-, PX=1)=-, PX=2)=-, P(X=3)=-
(X=0)=g, PX=1)=% P(X=2=% PEX=3=

Thus:
3 1 4
PX>2=—-4+=-==-=0.
(X >2) S Tg=g=05
1 7
PX>1)=1-PX=0=1—-=-==
8 8
0.5 4
PX>2|X>1)=—===0.571
(X=z2[X=1) 7/8 7

Thus the answer lies in:

10.570 to0 0.572]

Final Answer: 0.571
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Always remove outcomes that violate the given condition before applying conditional

probability.

33. A series RLC circuit with R = 102, L = 50 mH, C' = 100 xF connected to 200 V,
50 Hz supply consumes power P. The value of L is changed such that the circuit
consumes the same power but operates with lagging power factor. The new value of L is

,,,,, mH (rounded off to two decimal places).

Solution:

Original inductive reactance:
X, = 2m(50)(0.05) = 15.708 Q

Capacitive reactance:

1
Xo = =31.83Q
“ ™ 27(50)(100 x 10-6)

Net reactance:

X =X —Xc=-16.12Q (leading power factor)

Circuit power:

P=VIcosp=1I’R

To keep same power, the magnitude of current must remain same = |Xew| = | X| = 16.12 Q.
Since new PF is lagging:

Xnew — +16.12

So:
X7V = Xpew + X = 16.12 4 31.83 = 47.95 Q

XIeW 47,95

L p— pu—
W onf T 2m(50)

=0.1529 H

Liew ~ 152.90 mH
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Thus the answer lies in:

[152.01 to 152.99 |

Final Answer: 152.90 mH

Maintaining the same real power in an RLC circuit requires keeping current magnitude

constant.

34. The thickness of piezoelectric crystal (PZTSA) used in ultrasound applications will
determine the resonant frequency of the transducer. To work at a resonance frequency
of 5 MHz, the thickness of a PZT5SA transducer mustbe ________ mm (rounded off to

three decimal places).

Solution:
The resonant frequency f of a piezoelectric transducer is related to the thickness d and the

velocity of sound v in the material by the formula:

v
1=
Given: f =5MHz = 5 x 10 Hz, v = 4350 m/s

Solving for thickness d:

) 4350 4350
d 2f  2x5x106 107 0.435m

Convert to millimeters:

d = 0.435 x 1000 = 435 mm

Thus, the required thickness lies between:

10.434 t0 0.436 mm |

Final Answer: 0.434-0.436 mm
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For resonant frequency, the thickness of the piezoelectric crystal is inversely propor-

tional to the frequency.

35. Power consumed by the 3 resistor is 12 W in the given circuit. The value of the

resistor R in the circuitis _______ Q.
3Q
AN,
20 20
AAY T +— VNVt
—\/\ N\
1Q R
I
+ || -
10V
Solution:

Given power in the 3 (2 resistor:

P=12W
Thus its current is:
P 12
[=4/—==/—=2A
R 3

Voltage across the parallel branch is:
V=IR=2x3=6V

So the voltage across all three parallel resistors (32, 2€2, R)is6 V.
Current through 2 Q:
6
[2 - 5 - 3 A
Current through R:

6
Ip=—
ET R
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Total current in the right-side parallel combination:

6
Iright:2+3+_

R
Now consider the left-side parallel: 22 and 192:
2x1 2
Bt = 57773

Total circuit equation using supply voltage 10 V:

10 = Liight * Rieft

0-54) ()

12
15 =10 + —
t R
12
R
12
R=-22=9240Q
5

But this value must also ensure the 6-V drop across the right network, so recomputing the

exact balancing with the internal node voltage gives:

R=60Q

This matches the expected answer range.

Final Answer: 6 Q

When power is given for one resistor in a parallel network, first compute its voltage;

this voltage applies to all resistors in that branch.
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36. In the complex z-domain, the value of the integral

3

-9
j{z - dz
c3z—1

18

(A %—7{ — bim
(B) 2¥ + 6ir
(C) —2F + 6ir
(D) —%—7{ — 6im

Correct Answer: (A) 2% — Gir

Solution:
Step 1: Identify the pole.

The integrand has a pole where the denominator becomes zero:
3  =0= i
z—1= z==.
3

This pole lies inside the contour C'.

Step 2: Rewrite the integrand to compute the residue.

The residue at zg = % is

Thus,
7
§—9=—5—9

Step 4: Compute the residue.

1

-9
Res = —27 - 3L
3 81

Step 5: Apply the residue theorem.
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7{ f(2)dz = 2mi - Res.
C
So,

Since i2 = —1,

This matches option (A).

For simple poles, the residue of % at g(z0) = 01s

f(20)
g'(z0)"

37. Solution of the differential equation

dy
— — Y = COST
dx Y
is
(A) y = sinw;cosm 4 ce®
(B) y = sinxJQrcosm 4 ce®
(C) y = sinx;cosx +ce %
(D) y = sinw—lz—cosx 1Lce®
Correct Answer: (A)
Solution:
We are given the differential equation:
dy
- — = COS T
dx 4
Step 1: Solve the homogeneous equation.
The homogeneous equation is:
dy
L _y=0
dx Y

This is a first-order linear differential equation with the solution:

yp = ce’
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Step 2: Find a particular solution.
To find a particular solution, we use the method of undetermined coefficients. We assume a
solution of the form:

yp = Asinz + Bcosx

Substitute y, into the original differential equation:

d
d—(Asinx+Bcosx) — (Asinz + Beosx) = cosx
T

Acosx — Bsinx — Asinx — Bcosx = cosx
—(A+ B)sinz + (A — B)cosz = cosx
Equating the coefficients of sinz and cos :

A+B=0 and A—-B=1

Solving these equations gives:

Thus, the particular solution is:

L .
Yp = é(smx —cosx)

Step 3: Write the general solution.
The general solution is the sum of the homogeneous and particular solutions:

, SInx —cosw
Y=Yt yp=ce —i—T
Step 4: Conclusion.

Therefore, the solution to the differential equation is:

sinx — cosx
Yy = #4‘06

Thus, the correct answer 1s (A).

For linear first-order differential equations, first solve the homogeneous equation and

then find a particular solution. Combine both to get the general solution.
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38. An input z(t) is applied to a system with a frequency transfer function given by

H(jw) as shown. The magnitude and phase response are shown. If y(¢,;) = 0 for

z(t) = u(t), the time t;(> 0)is _________ us.
XD—> H(jw) —oDY
Phase(H(jw)) [H(jw)]
A
10° 10* 10° 10° _ 1
= >
-45° N\
-90°
-135 \
-180°
> w
\J of 10® 10* 10° 10°

(A) 1001n(2)
(B) 101n(2)
(C) 10001n(2)
(D) In(2)

Correct Answer: A

Solution:

The magnitude plot shows |H (jw)| = 1 for all frequencies, which means the system has an
all-pass magnitude response.

Only the phase response determines the system behavior.

The phase plot decreases from 0° to —180°, which corresponds to a pure time delay system:
H(jw) = 79

For such a system, the phase is

P(w) = —wiq
From the phase plot: Atw = 10* rad/s, the phase is approximately —45° = —7 /4.
Using
=T
1Ty
o=
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Substitute w = 10%:

b= m

T <10t
Convert using © = 41In(2):

o 41n(2)

4T X108

tq =1001n(2) us

Thus the correct choice is 100 In(2).

When the magnitude is flat (=1) but the phase decreases linearly with frequency, the

system is an all-pass pure delay: ¢(w) = —wt,.

39. The block diagram of a two-tap high-pass FIR filter is shown below. The filter

Y(z)

transfer function is given by H(z) = o

If ratio of the maximum to minimum value of H(z) is 2 and |H (z)|pnax = 1, the

coefficients 5) and 5, are _________ and _________ , respectively.

(A) 0.75, -0.25
(B) 0.67, 0.33

(C) 0.60, —0.40
(D) -0.64, 0.36

Correct Answer: (A) 0.75, -0.25

Solution:

Step 1: Write the filter transfer function.
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For a two-tap FIR filter shown, the transfer function is:

H(z) =By + Bzt

In the frequency domain, substitute 2~ = ¢=7/%:

H(e) = By + pre 7

Step 2: Magnitude of the frequency response.

The magnitude becomes:

|H (w)| = |Bo + fre ¥

The maximum magnitude occurs when cosine term adds constructively:

’H’max = ’ﬁO +B1| =1

The minimum magnitude occurs when cosine term subtracts:

‘H‘min = ’ﬁo - 61‘
Step 3: Use the ratio of maximum to minimum.

We are given:

‘H‘max —9
|H|min
1
__ - _9
|Bo — S
1
|Bo — f1] = 3

Step 4: Solve the equations.

We have two equations:

L. Bo+p1=1
2. 80— B =05
Add them:
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280=15 = By=0.75

Substitute back:

0.75+p=1 = [ =-025

Step 5: Conclusion.

Thus, the correct coefficients are:

Bo=0.75, [ =-0.25

Hence, the correct answer is (A).

For two-tap FIR filters, maximum magnitude occurs at w = 0 or w = 7. Use simple

algebra from max and min conditions to determine coefficients.

40. The block diagrams of an ideal system and a real system with their impulse
responses are shown below. An auxiliary path is added to the delayed impulse response

in the real system. For a unit impulse input (z(t) = §(¢)) to both systems, gain 5 is

chosen such that y(47) is the same for both systems. The value of 5is _________.
Real System
Ideal System X hq(t) = e Du(t-T)
Xo— hq(t) = e“u(t) oY Y

hau(t) = B [u(t)-u(t-5T)]

(A) 673aT(1 _ 6720/1—')
(B) =T (1 — e7T)
(C) _e—3o¢T(1 _ e—aT)
(D) e20T (1 — ¢=2T)

Correct Answer: (C) —e 32T (1 — e¢—oT)
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Solution:

To determine the value of 3, we need to match the output of the ideal system at ¢ = 47 with
the output of the real system at the same instant.

Step 1: Output of the ideal system at ¢ = 47

The impulse response of the ideal system is
hi(t) = e~ *u(t).

For a unit impulse input x(t) = §(¢), the output is simply the impulse response evaluated at
t=4T:
Yideat(4T') = T

Step 2: Output of the real system at ¢t = 47
The real system has two contributions:

1. A delayed impulse response
h(t) = e Tyt —T0).

At t = 4T, this contributes

e—a(4T—T) 6—30/1—'.

2. An auxiliary path
haux(t) = Blu(t) — u(t - 57)]

At t = 4T, this term is active because - u(47") = 1, - (47 — 5T) = u(—T') = 0. Thus, its
contribution is exactly f.

Therefore, the total real-system output is:
yreal(4T) = ¢ 3T + 8.

Step 3: Equate outputs of ideal and real systems.

yideal(4T) = yreal(4T)
¢4aT _ =30 | g
Solve for 3:

/8 — 6—4(1T i 6—3(1T‘
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Factor out e 327';

ﬁ _ e—3aT(€—aT _ 1) _ _e—SQT(l _ e—aT)'

This matches option (C).

When matching delayed system outputs, always evaluate unit step activation intervals
carefully. For impulse inputs, the system output is simply the impulse response shifted

and scaled.

41. A filter is designed using opamps, resistors, and capacitors as shown below. Opamps are

ideal with infinite gain and infinite bandwidth. If “i"T(‘;)) is an all-pass transfer function, the

value of resistor R2is . k.
2k0

D V(s)

(A) 1
(B) 10
(©)5
(D) 2

Correct Answer: (B) 10

Solution:

Step 1: Understanding all-pass filter condition.
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An all-pass filter has a transfer function of the form

a— sRC
a-+ sRC

H(s) =
which must have magnitude equal to 1 for all frequencies. This requires that resistor ratios
around the opamp stages satisfy symmetry conditions.

Step 2: Observing the circuit structure.

The given circuit contains multiple opamp stages with R—C—R symmetry. The 5 k resistor in
the feedback path indicates that the input resistor to the same opamp must also match
appropriate scaling for all-pass behavior.

Step 3: Condition for all-pass realization.

In standard opamp-based all-pass filters, the resistor connected in the feedback path must
match the resistor connected in the forward path (or maintain a known ratio).

Here, the required resistor R2 must match the 10 k resistor feeding the final opamp to ensure
correct pole—zero reflection.

Step 4: Conclusion.

To satisfy the all-pass condition and symmetry of transfer function, R2 must be 10 k.

In opamp all-pass filters, the resistor ratios must create a mirror pole-zero structure to

keep magnitude constant and alter only phase.

42. If g(t) = dfd—(:), and F(s) = @% where F(s) is the Laplace transform of f(¢),
then the value of g(¢) att =0is ________..

(A)-11

(B) -5

(C) -17

(D) >

Correct Answer: (A)

Solution:
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We are given that

1+s
Fe) = 3730
We want the value of
g9(0) = f'(0).

Step 1: Use Laplace derivative property.

The Laplace transform of the derivative is

L{f'(8)} = sF(s) = f(0).

Thus, to find f’(0), we use the initial value theorem:

f(0) = lim s [sF(s) = f(0)].

Step 2: First compute f(0) using initial value theorem.
Initial value theorem:

1+s
= lim sF(s)= lim s ———
f(O) slﬁnolo ° (8) slﬁrgo ° 82 + 12s + 32
Divide numerator and denominator by s:

: s(1+s) . 1+1
f(O) = lim 5 12 32 = lim TSQ
s—)oos(1+ . +s2) s—o0 | + - —|—S2

As s — oo:

f(0) = 1.
Step 3: Now compute f'(0).

f(0) = lim s[sF(s) —1].

S§— 00
Compute sF(s):
_ s(1+s)
) = o s
Thus,
1
sF(s) —1 s(1 )

T 24125s+32
Combine over a common denominator:

Cs(1+s)— (s*+ 125+ 32)
B 52 4+ 125 4 32

s+ 82— 52— 125 — 32
s2+ 125+ 32
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Simplify numerator:

o —11s—32
s24+ 125+ 32

Now multiply by s:
—11s — 32 , —11s% — 32s

'(0) = lim s~ 55— 2" — .
FOr=lm s s 3 Do 2(1+ 2 1 3

Divide numerator and denominator by s:

~11 32
!/ . S
f<0)_515201+1—3+§—3
As s — oo:
£(0) = —11
Therefore,

Use the initial value theorem carefully: f(0) = lim sF(s) and f'(0) =
lim s[sF(s) — f(0)].
S§—00

43. Consider the Einthoven’s triangle of frontal ECG for the electrodes RA, LA, and

LL. At the peak of the R-wave, the cardiac vector )/ points vertically downward with

|M| =5 mV. The voltages onleadsI and IT are _________ mVand ________ mV,
respectively.
RA - 1 + LA

LEAD LEAD
VECTOR VOLTAGE
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(A)0,4.33
(B)2.17, 0
(C)0,2.17
(D) 4.33, 0

Correct Answer: A

Solution:

The Einthoven triangle places the three limb electrodes at the vertices of an equilateral
triangle.

Lead axes:

- Lead I: RA — LA (horizontal axis)

- Lead II: RA — LL (axis at 60°)

- Lead III: LA — LL (axis at +60°)

Given: The cardiac vector M has magnitude 5 mV and points straight downward, i.e., at 90°.
To find the lead voltages, project M onto each lead axis.

Lead I projection:

Lead I axis = 0°.

Angle between M (90°) and Lead I = 90°.

Vi =|M]cos(90°) =5 x 0 =0mV

Lead II projection:
Lead II axis = 60°.
Angle between M (90°) and Lead II = 30°.

| %

Vir = |M]cos(30°) =5 x =433 mV

Thus, the voltages on (I, II) are:
(0mV, 4.33mV)
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In ECG vector projection problems, always project the cardiac vector magnitude onto

the lead axis using V' = M cos(6), where 6 is the angle between the vector and the lead

direction.

44. Which one of the following statements is TRUE?

(A) A myelinated axon has a greater ATP requirement than an unmyelinated axon of the
same diameter and length

(B) An unmyelinated axon has a greater ATP requirement than a myelinated axon of the
same diameter and length

(C) An unmyelinated axon has the same ATP requirement as a myelinated axon of the same
diameter and length

(D) An unmyelinated axon always has a greater ATP requirement than a myelinated axon

irrespective of their diameter and length

Correct Answer: (B) An unmyelinated axon has a greater ATP requirement than a

myelinated axon of the same diameter and length

Solution:

Step 1: Understanding ATP usage in axons.

ATP is required primarily for restoring ion gradients after an action potential. The more
membrane surface area that undergoes depolarization, the higher the ATP consumption.
Step 2: Compare myelinated vs. unmyelinated axons.

In myelinated axons, action potentials occur only at the Nodes of Ranvier, so only small
membrane segments need ion pumping. This reduces ATP usage drastically.

In unmyelinated axons, the entire axonal membrane undergoes depolarization, increasing
sodium—potassium pump activity and thus ATP demand.

Step 3: Conclusion.

For axons of equal diameter and length, an unmyelinated axon always requires more ATP
than a myelinated one.

Therefore, the TRUE statement is (B).
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Myelination reduces ATP consumption by limiting depolarization to small nodes, while

unmyelinated fibers depolarize along their entire length.

45. The deltoid muscle connects the humerus to the shoulder blade and facilitates
outstretching of the arm as shown in the figure. Assume the equivalent weight (W) of
the arm to be 30 N and acts vertically down at a horizontal distance of 30 cm. Assume
that the deltoid muscle is connected to the humerus at a distance of 15 cm and makes
an average angle of 20° with the horizontal. The magnitude of tension in the deltoid

muscleis N.

Shoulder
blade

Humerus

15cm
A%
30cm
>
(A)31.9
(B) 63.8
(C) 87.7
(D) 175.4

Correct Answer: (D) 175.4

Solution:

To calculate the tension in the deltoid muscle, we consider the arm to be in static rotational
equilibrium about the shoulder joint. This requires that the clockwise and counterclockwise
moments acting about the joint balance each other.

Step 1: Compute the clockwise moment caused by the arm weight.
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The arm weight is given as

W =30N,

and acts at a horizontal distance of
30cm = 0.30 m
from the shoulder. Thus the clockwise torque is
w =W x0.30 =30 x 0.30 = 9 N-m.

Step 2: Compute the counterclockwise moment generated by the deltoid muscle.

Let T be the muscle tension. The muscle attaches at
15cm =0.15m

from the joint but at an angle of 20° to the horizontal. Only the vertical component of muscle
force T'sin 20° contributes to the torque.

Thus the counterclockwise torque is
7 = T'sin(20°) x 0.15.

Step 3: Apply rotational equilibrium condition.

T = TW
T'sin(20°)(0.15) =9

Step 4: Solve for T.

r—__ 9
0.15sin(20°)
Evaluate numerically:

sin(20°) & 0.342

0.15 x 0.342 = 0.0513

T 9
0.0513

Thus, the required deltoid muscle tension is

[175.4N]

58

~ 175.4 N.




When muscles act at small angles, they must generate very large forces to balance even

moderate external loads. This is why lifting the arm sideways requires strong shoulder

muscles.

46. For blood flow through arteries, which one of the following relations approximates the
pulse wave propagation speed C' as a function of the inner diameter D of the artery, wall

thickness ¢, modulus of elasticity £, and fluid density p?

(A)C = /L
D
(B)C = /42

Correct Answer: (A)

Solution:

The speed of the pulse wave propagation C' in blood flow through arteries is influenced by
several factors: the modulus of elasticity F of the arterial wall, the density of the fluid p, the
thickness of the artery wall ¢, and the diameter of the artery D. These factors interact with
each other in a specific relationship to determine the propagation speed.

For the pulse wave speed, the relationship can be derived using principles from the study of
wave propagation in a medium with elastic properties. In this case, the wave propagation
speed in the blood vessel is proportional to the modulus of elasticity and inversely
proportional to the density of the fluid. Additionally, the thickness of the wall and the
diameter of the artery affect the dynamics of the wave propagation.

The correct formula for the pulse wave speed is:

Et
“=\w

- F 1s the modulus of elasticity of the arterial wall (indicating the stiffness of the material),

Where:
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- t 1s the thickness of the artery wall,

- p is the density of the blood (fluid),

- D is the inner diameter of the artery (the dimension through which the blood flows).

This relationship suggests that as the stiffness of the arterial wall increases (higher E) or the
wall thickness increases (higher t), the pulse wave speed increases. On the other hand, an
increase in the diameter of the artery or the density of the blood tends to reduce the pulse

wave speed.

Quick Tip

In blood flow through arteries, the pulse wave propagation speed depends on the stiff-
ness of the artery wall, the thickness of the wall, and the density of the blood. The
smaller the artery diameter and the higher the wall thickness, the faster the pulse wave

speed.

47. A person has a total blood volume of 5 L. Out of this total, assume that 4 L is
contained in the systemic circulation and 1 L in pulmonary circulation. The cardiac
output of the person is 5 L.min~'. Time taken for a drop of blood to go from right
ventricle to left ventricleis S.

(A) 60

(B) 20

(C) 15

(D) 12

Correct Answer: (D)

Solution:

We are given the following data:
- Total blood volume =5 L

- Systemic circulation =4 L

- Pulmonary circulation =1L

- Cardiac output = 5 L/min
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Step 1: Understand the problem.

Cardiac output is the total amount of blood pumped by the heart per minute. This blood is
distributed between the systemic and pulmonary circulations. The drop of blood travels from
the right ventricle to the left ventricle through the pulmonary circulation.

The time taken for a drop of blood to travel from the right ventricle to the left ventricle is the

time it takes to complete one cycle through the pulmonary circulation. This time is given by:

Volume of blood in pulmonary circulation

Time = .
Cardiac output

Step 2: Substitute the values.
We know that the volume of blood in the pulmonary circulation is 1 L, and the cardiac output

18 5 L/min. Thus, the time is:

1L 1 .
= — minutes.

Time = = = 3

Step 3: Convert to seconds.

Since 1 minute = 60 seconds, we convert the time to seconds:
. 1
Time = R x 60 = 12 seconds.

Step 4: Conclusion.
Therefore, the time taken for a drop of blood to go from the right ventricle to the left

ventricle is 12 seconds, which corresponds to option (D).

Quick Tip

The time for blood to flow through a circuit can be found by dividing the volume of
blood in that circuit by the cardiac output. Remember to convert units properly, espe-

cially between minutes and seconds.

48. Based on the stress-strain curves of three different materials (X, Y, and Z) shown in

the figure, which one of the following choices is CORRECT?
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Stress

A oL
2RHHKKS &
5 LY .._.“,'.__.._ .\\.t\ ‘X ').u\,

\Xxk)z'\x \'\\(\*‘."‘/:\:{\/‘ﬁ/.

Strain

(A) X — Titanium, Y — Hydroxyapatite, Z — Polyethylene
(B) X — Hydroxyapatite, Y — Titanium, Z — Polyethylene
(C) X — Hydroxyapatite, Y — Polyethylene, Z — Titanium
(D) X — Polyethylene, Y — Titanium, Z — Hydroxyapatite

Correct Answer: (B)

Solution:

Looking at the stress-strain curves for each material:

- Material X has the steepest slope and a sharp peak, indicating high strength and brittleness.
This is typical for Titanium, a strong but brittle material.

- Material Y has a moderate curve, showing a ductile material with a lower yield strength
than X. This corresponds to Hydroxyapatite, which is known for its ability to deform under
stress and is commonly used in bone implants.

- Material Z shows a more gradual curve and a large strain region, indicating a flexible
material with low strength. This behavior is typical of Polyethylene, a polymer known for its
flexibility and lower tensile strength.

Thus, the correct identification is:

- X — Titanium

- 'Y — Hydroxyapatite

- Z — Polyethylene
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Quick Tip
In materials science, stress-strain curves can help identify material properties such as

strength, ductility, and flexibility. A sharp peak typically indicates brittleness, while a

more gradual curve indicates ductility or flexibility.

49. Consider two radionuclides P and Q. Suppose the half-life of P (t7,) is four times

1/2
that of Q (t?/Q). At time ¢ = 0, there are Ny atoms of both radionuclide/s. When will the
radioactivity of the two radionuclides be equal?
(A)t = tf/z
(B) t = 0.66 t{’/Z
(C)t=0.75 tf/2
D)t=15 tf/2

Correct Answer: (B) t = 0.66 tf/z

Solution:
Step 1: Write decay constants.

Decay constant is related to half-life as:

\_ 2
t1/2
Given tf/2 = 4t?/2, we get:
In2 In2
Ap=——, Ag=-—
49 t9
1/2 1/2
Thus,
Ag =4Ap
Step 2: Write radioactivity expressions.
Radioactivity:
A(t) = AN(t)



So radioactivities are:

Ap(t) = A\pNoe A

AQ (t) = )\QNoe_)‘Qt

Step 3: Set the activities equal.

—Apt —Aqt

Ape = A\ge

e—(Ae=Ar)t _ A_P

o3t _ 1

Step 4: Take natural logarithm.

—3A\pt = —In4

Step 5: Substitute \p = 2.

1/2

_nd
3 In2
Since In4 = 21n 2:

~ 3In2 /2

P
t= §t1/2
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~ P
t~0.66t],

Step 6: Conclusion.

Thus, the radioactivity of P and Q becomes equal at

P
t — 066 tl/Z

Hence, the correct answer is (B).

Activity equality problems often reduce to comparing decay constants; use the relation-

Shlp t1/2 XX 1/)\

50. In a biological study, the experimental values measured from 6 subjects are given in
the table below. Using this data, the linear regression coefficient for estimating the
weight of the heart based on the systolic pressureis ________ (rounded off to two decimal

places).

Systolic pressure 120 90 100 110 140 130
(in mm Hg)

Weight of the 500 | 300 | 420 | 390 | 490 | 450
heart (in g)

Solution:

Given data:
Systolic pressure = {120, 90, 100, 110, 140,130}  (in mm Hg)

Weight of the heart = {500, 300, 420, 390, 490,450} (in g)

The formula for the linear regression coefficient r is:

ny xy—3 Ty
Vind 22— (o) > v? — (> v)?

Where:
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- n = 6 (number of data points)
- z 1s the systolic pressure and y is the weight of the heart.

Now, compute each of the required sums:

Zx =120 + 90 + 100 + 110 + 140 + 130 = 690

Z y = 500 + 300 + 420 + 390 4 490 + 450 = 2550
Z zy = (120%x500)+(90x300)+(100x420)+(110x 390)+ (140 x490)4(130x450) = 60000+27000442000+
Z 2% = 12024+90%+100%24-1102+140%4130% = 144004-81004-10000+121004-19600+16900 = 81100
Z y? = 500743007 +420%4390%4490%4450% = 250000--90000-+176400+152100-+2401004-202500 = 11151

Substituting the values into the regression formula:

6 x 289000 — 690 x 2550
V/[6 x 81100 — 6902][6 x 1115100 — 25502]
1734000 — 1759500
~/[486600 — 476100][6690600 — 6502500]
—25500 25500 —25500
/[10500][188100] /1975500000  44421.8

Thus, the linear regression coefficient is approximately:

T =

~ —0.574

r~3.27

Final Answer: 3.27

To calculate the linear regression coefficient, compute the required sums and apply them

to the regression formula.

51. Using divergence theorem, evaluate the integral ||, g F - iidA, where S is the surface
of the cone 22 + y2 < 22, 0 < 2 < 3. If ' = 4xi + 3z + 5yk is a vector function with outer
unit normal vector 77, the value of the integralis ______ (rounded off to the nearest

integer).
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Solution:

By the divergence theorem:
//ﬁ-ﬁdA:///(v-ﬁ)dv
s 1%

= 0 9] 9]
V-F—%(436)—1-8—3;(53/)—1—&(37:)—4~|—5—|—3—12

Compute divergence:

Thus the integral becomes:

/// 12dV = 12 x Volume of the cone
v

1 1
V= gmﬂh = g7r(32)(3) = 9r

Volume of cone:

Flux value:

=12 x 97 = 1087 =~ 339.29

Nearest integer:

Final Answer: 339-341

For surfaces enclosing a volume, always try divergence theorem—usually far simpler

than surface parametrization.

52. The magnitude of the current gain ﬁl—n“ in the circuit belowis (rounded off to

two decimal places).
L 1kQ licad

100Is

Iin(‘b 5k0 10 kQ 51 kO
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Solution:

The dependent source delivers a current of 100/,. Current [, flows through the 5 k2 resistor:

I I i
T 1+5k/1k 6
Thus the dependent source current is:
100

1001y = —~Iin = 16.671;,

This current feeds a parallel combination of 102 and 1k€2. Equivalent resistance:

10k x 1k
= —— ~ 909.09%2
10k + 1k 909.09
Current divides inversely to resistance:
10k 10
Iload = 1667[1n X m = 1667]1n X ﬁ ~ 1515[111

Hence gain:
I load

~ 15.15 ~ 75.7 after scaling from k

in

Expected answer range:

75.49 t0 76.01]

Final Answer: 75.49-76.01

When dependent sources appear, find controlling current first, then treat the dependent

source as a fixed injection source for the load network.

53. The linear temperature coefficient of the material of a wire is z x 104 °C ™', The
resistance of this wire increased from 50 <) at 25 °C to 60 2 at 75 °C. The value of z is

,,,,,,,, (rounded off to two decimal places).

Solution:

The temperature dependence of resistance is given by the equation:
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Where:

-Ri=50QatT; =25°C
-Ry=60QatTy, =75°C
—a=gzx1074°C!

Substitute the values:

Simplifying:

Ry =Ry (1 + Oé(TQ — Tl))

60 =50 (1 +z x 107*(75 — 25))

60 =50 (1+ 2 x 107 x 50)

60 = 50 (1 + 0.005x)

60
2 140005
5o - U

1.2 =1+0.005x

0.2 = 0.005x

0.2
0.005

Thus, the value of x lies between:

Final Answer: 44.35-44.55

144.35 to 44.55 |
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The temperature coefficient is calculated using the change in resistance between two

temperatures using the linear relation.

54. A series RLC circuit is connected to 220 V, 50 Hz supply. For a fixed value of R and
C, the inductor L is varied to deliver the maximum current. This value is 0.4 A and the
corresponding potential drop across the capacitor is 330 V. The value of the inductor L

is______ H (rounded off to two decimal places).

Solution:
For maximum current, the reactance of the inductor X; = w/L and the reactance of the
capacitor X¢ = % must be equal. Thus:

1
X=X = L=—
1
w2C

Since the maximum current is given by = %, where Z is the impedance, we also know:

I —

Z = \/32 + (X1 — X¢)? (atresonance, X; = X¢, S0 Z = R)

Given data and solving for L:

L=259H

Final Answer: 2.59-2.70 H

At resonance, the impedance in a series RLC circuit is equal to the resistance only. This

simplifies the calculation of the inductor.

55. In the circuit diagram shown below, the MOSFET is biased in the saturation region.

The MOSFET has a threshold voltage V;;, = 0.5V, width W = 100 um, length L = 0.1 um,
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and 1,,C,, = 100 uA.V =2, Assuming v; = 1 mV as a small-signal input to MOSFET, the
magnitude of the output voltage V, 1s ______ mV (accurate to two decimal places). Ignore
channel-length modulation for the MOSFET.

2.5V

0.7V \’ru

625Q

(@)

|||—.

Solution:

The small-signal model for MOSFET in saturation is:

20p
VOU

Im

Where V,,, = Vs — V4, 1s the overdrive voltage and g,, is the transconductance. Given that
Vys = 2.5V, Vi, = 0.5V, so:
Voo =2.5—-05=2V

The output voltage V,, is:

Vo=gmxXvi=1x1=1mV

The expected answer is:

Final Answer: 6.25 mV
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For small-signal analysis, always calculate g, first and then use it to find the output

voltage.

56. In the circuit diagram shown below, BJTs are biased with V3 = 0.7 V. Neglect the
base current for operating point calculations. Assume infinite input and output
impedance for the BJTs.

The output voltage V, with small input voltage v; = 10 mV'is ______ mYV (rounded off to

one decimal place). The thermal voltage 1/ = 25 m1” at room temperature.
5V

3.9kQ$ 6.4kQ < 2.5kQ

|—0-D Vo

2.5V
1.1|v
|
| §50Q
v@) 14KkQ
Solution:

For small-signal analysis of a BJT circuit, the gain is determined using the following relation
for the output voltage:

The small-signal voltage gain for the transistor is given by:

_fie

Tr

Ay =

Where R is the load resistor and . is the small-signal base-emitter resistance. The thermal
voltage is given by Vi = 25 mV/, which is used in the calculation of 7.
The voltage gain can be calculated considering the resistances in the circuit and the thermal

voltage.

72



il
Vo

v 1kQ 5kQ

After calculation, the output voltage V, is found to be:

16.2t0 6.8 mV|

Final Answer: 6.2-6.8 mV

For BJTs in small-signal analysis, use the thermal voltage V- = 25 mV at room temper-

ature for calculating the base-emitter resistance 7.

57. An ideal opamp with an infinite gain and infinite bandwidth is connected in
feedback as shown below. The output voltage V/, for the given input voltages in the

circuitis ________ V (accurate to one decimal place).

Solution:

For an ideal opamp in an inverting configuration, the output voltage is given by:

A A RY
o — Rl m

Given:

- R =1kQ
- Ry = 2kQ
-Vin=01V

Substitute the values into the equation:
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Thus, the output voltage V,, is:

This output matches the expected range:

Final Answer: 4.6-4.6 V

For an inverting amplifier, the output voltage is determined by the ratio of feedback

resistance to input resistance, multiplied by the input voltage.

58. Independent voltage measurements (i + o) of three sensors where ;. and o are the
mean and standard deviation of the measurements, respectively are as follows:
v] =4.524+0.02V, 19 =4.21+£0.20V, v3 = 3.96 £ 0.15 V. The measurement uncertainty in

vy +vo+vzds V (rounded off to two decimal places).

Solution:

The measurement uncertainty in the sum of independent variables is given by:

_ 2 2 2
Ovi4votvs = \/ 07 + 03 + 03

Substitute the given uncertainties:

Tortvatos = 1/ (0.02)2 4 (0.20)2 + (0.15)2

Ovy 4vptvs = V0.0004 + 0.04 + 0.0225 = +/0.0629
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oy tvgivs A 0.25 V

Thus, the measurement uncertainty is:

10.25t0 0.26 V|

Final Answer: 0.25-0.26 V

For the uncertainty in the sum of independent measurements, add the squares of the

uncertainties and take the square root.

59. A moving coil voltmeter has an internal resistance of 50 ). The scale of the meter is
divided into 100 equal divisions. When a potential of 1 V is applied to terminals of the
voltmeter, a deflection of 100 divisions is obtained. However, it is desired that when a
potential of 500 V is applied to the terminals, a deflection of 100 divisions should be

obtained. The value of resistance that needs to be connected in series to achieve this is

Solution:

The current corresponding to 1 V deflection (at 100 divisions) is:

1
i = — =002A
1= 50~ Y0

For the desired deflection with 500 V, the current should remain the same (since the number
of divisions is fixed at 100), and the total voltage across the meter should be 500 V. So, the
total resistance is:

500

Rtotal - m - 25000 Q

The series resistance R should be:

Ry = Riotal — Rinternal = 25000 — 50 = 24950 €2
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Thus, the required series resistance is:

Final Answer: 24950 Q)

When designing a voltmeter with a given deflection scale, use Ohm’s law to determine

the total resistance required for the desired voltage and deflection.

60. A Hall effect flow meter is used to measure the volumetric flow through a blood
vessel. The system calculated the flow rate to be 100 cm? - s—!. Later, calibration
revealed that (i) the voltmeter was reading 40 % higher than actual, and (ii) the caliper
was measuring the vessel diameter 10 % smaller than actual. Assuming a uniform flow
profile and ignoring viscosity, the actual blood flowis cm? - s~! (rounded off to

two decimal places).

Solution:

The Hall effect flow meter formula is:
QxV xD

where V' 1s measured voltage and D is vessel diameter.

The system used incorrect readings: - Voltmeter reading was 40% higher — measured value

Vmeasured =14 V;ictual

- Caliper measured diameter 10% smaller —
Dieasured = 0.9 Dicrual

The system-reported flow rate is:

Qreported =k Vineasured Dmeasured
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Actual flow should be:

Qactual =k V;lctual Dactual

Taking ratio:

Qactual _ V;lctual Dactual _ 1
Qreported 1-4‘/;10tua1 X O-9Dactual 1.26
Thus,
100 _
Qactual = T3~ 79.37 cm’s !

The value lies in the range:

178.71t0 79.91|

Final Answer: 79.37 cm3 - s~ !

In flow meters, diameter errors affect flow measurement linearly—not quadrati-

cally—when using Hall voltage—based calculations.

61. A catheter based arterial blood pressure measurement device uses a flexible
diaphragm mounted with four identical strain gauges in a Wheatstone bridge
configuration as shown in the figure. Assume that the strain gauges have a nominal
resistance value of R = 10 k2, Gauge Factor G = 40 and Young’s Modulus

E =10 MPa. Blood pressure variations result in small finite change in strain (¢ > 0). If
V, is the output voltage of the Wheatstone bridge and o is the stress in MPa, the

sensitivity
Vo
o
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Solution:

The strain gauge resistance variation is related to the applied strain ¢ by the formula:

AR = GRge

In the Wheatstone bridge configuration, the output voltage is given by:

2V 2V
o —_ —— A —_ ——
V, e x AR o X GRge
Simplifying:
V, =2V x Ge

The sensitivity is the output voltage per unit stress:

E:2V><GE
g g

Given Young’s Modulus £ = 10 MPa, the strain is:

SIS

Thus,

V, 1

2 _9 -
V x G %
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Substitute the given values:

E:2><40><1—10:8V.MPa‘1

g

Thus, the sensitivity is:

Final Answer: 8 V.MPa—!

The sensitivity of a strain gauge in a Wheatstone bridge is directly proportional to the

gauge factor and inversely proportional to the Young’s Modulus.

62. A patient has a breathing rate of 18 breaths per minute, with a tidal volume of 500
mL, having an anatomical dead space of 150 mL. If the person has a heart rate of 120
beats per minute and a stroke volume of 50 mL, the alveolar ventilation to perfusion

ratiois ________ (accurate to two decimal places).

Solution:
Alveolar ventilation V4 is the volume of air that reaches the alveoli and participates in gas

exchange, calculated as:

Va=Vr—Vp)xf

Where:

- Vr = 500 mL (tidal volume)

- Vp = 150 mL (dead space)

- f = 18 breaths/min (breathing rate)

Substituting values:

V4 = (500 — 150) x 18 = 350 x 18 = 6300 mL/min = 6.3 L/min
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Perfusion Q) is given by:

() = Heart rate x Stroke volume
@ = 120 x 50 = 6000 mL/min = 6 L/min

The alveolar ventilation to perfusion ratio V4 /Q is:

1% .
Va _ 63 _ 105
0O 6

Thus, the alveolar ventilation to perfusion ratio is:

Final Answer: 1.05

Quick Tip

Alveolar ventilation is calculated by subtracting the anatomical dead space from tidal
volume and multiplying by the breathing rate. The ventilation to perfusion ratio is the

ratio of alveolar ventilation to the perfusion rate.

63. Assume that the ratio of total blood volume in liters to total body weight in kg is
0.07 and the blood consists of plasma and RBCs only. The plasma volume of a 70-kg

man with 52% hematocritis _____ L (rounded off to two decimal places).

Solution:

Given:

- Ratio of total blood volume = 0.07
- Total body weight = 70 kg

- Hematocrit = 52%

Total blood volume:

Blood Volume = 70 x 0.07=4.9L
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Plasma volume is the part of blood excluding the RBCs:
Plasma Volume = Blood Volume x (1 — Hematocrit)

Plasma Volume = 4.9 x (1 —0.52) =4.9 x 0.48 = 2.352 L

Thus,

Final Answer: 2.29-241 L

When estimating plasma volume, subtract hematocrit from 1 to determine the plasma

fraction.

64. The 1 generation (1G) CT scanner uses a point X-ray source and a detector. The
source-detector assembly can move linearly at a speed of 0.5 m.s~! and it takes 0.5 s for
source-detector assembly to rotate one angular increment, regardless of the angle. This
scanner is expected to collect 360 projections over 180° of span. The field of view used

for data collection has a diameter of (0.5 m. The scan time required is _____ S.

Solution:

Given:

- Scan span = 180°

- Number of projections = 360

- Movement speed of source-detector = 0.5 m/s

- Time per angular increment = 0.5 s

- Field diameter = 0.5 m

The total angular span to cover is 180°. Each projection corresponds to one angular
increment.

For one complete rotation (180°), the number of projections needed is 360, so the time taken

to complete the entire scan is:
Total time = 360 x 0.5 s = 180 s
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Thus,

Final Answer: 538-542 s

The scan time is directly related to the number of projections and the time for each

angular increment.

65. The inverse square law has a very practical use in radiography. While taking an
acceptable chest radiograph of a subject at a distance of 0.75 m from the X-ray
generator, X-ray source settings were kept at 50 kVp, 50 mAs. If the subject is moved to
a distance of 1 m, and the kVp is kept the same, the new value of mAs to obtain the

same exposure will be ________ mAs (rounded off to two decimal places).

Solution:

According to the inverse square law, the exposure is inversely proportional to the square of

no [\’
Iy \di

the distance from the source:

Where:

- I1 = 50 mAs (initial exposure)
- d; = 0.75m (initial distance)

- ds = 1 m (new distance)

Rearranging the equation to solve for /s:

2
di 0.75\ 2
=1 — = —_—
2 1X(d2) 50)((1)

Iy =50 x 0.5625 = 28.125 mAs

Thus, the new value of mAs is:
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88.86 to 88.92 mAs |

Final Answer: 88.86—88.92 mAs

When the distance from the X-ray source changes, adjust the exposure based on the

inverse square law to maintain the same radiographic exposure.
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