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Q1 - Q5 carry one mark each.
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Bajiv Gandhi Khel Ratna Award was conferred . Mary Kom, o six-time world
champion in boxing, recemtly n 8 ceremony the Bashtrapati Bhawan {the President’s
official residence) in New Delhi.
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Despite & string of poor performances. the chances of K. L. Rabul's selection in the team
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Select the word that fits the anslogy:
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Hit by flonds, the khanf (summer sown) crops in vosiows parts of the country have been
uffected, OfTicials believe that the loss in production of the khanf creps can be recoversd in
the output of the rabl (winter sown) crops =o that the country can achieve its food-grain
production targel of 291 million tons in the crop year 200920 (Julv=June). They are
hopeul that good raimns in July-August will help the soil netain moisture for a lnger period.
helping winter sovwn crops such as wheat and pulses during the Movember-February perind.

Which of the following statements can be inferred from the given passage?

Officials declared that the feod-grain production target will be met dise to good rains.
Officiuls wani the focd-grain production target o0 be met by the November-February
periced.

Oifficials feel that the food-grain production target cannot be met due 1o floods,

Officials hope that the food-grain production tarpet will be met due 10 o good rabi
pEoduce,

The difference between the sum of the first 2n notural numbers and the sum of the first n
odd natural numbers is

1t —-n
n?+n

nt=n
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(D) It +n

Q6 - Q10 carry two marks each.
QNo.6  Repo rate is the rate at which Reserve Bank of India (RBI lends commercial banks, and

reverse repo raie 15 the rate ot which BBl borrows money from commercial banks.

Which of the following statements can be inferred from the above passage?

) Decrease in repo rate will incrense cost of bormowing and decrease lending by
commercial banks.

(8) Increase in repo rate will decrease cost of borrowing and incrense lending by
comimercial banbos.

© Increase in repo rate will decrense cost of bomowing and decrease lending by
comimercial banks.

() Decrease in repo mte will decrease cost of bormowing and increase lending by

commercial banks.

QNo.7 B 0L RS T, U, ¥, and W are seated around a circalar table,
[, 5 s seated opposite o W,
L. 1) 15 seated at the ssoond ploce to the right of R,
[[1. T is seated at the third place o the left of K.
I%. V 15 a neighbour of 5.

Which of the following must be tree?

(A) P i3 a neighbous of R,

(B) O i= a neighbour of K.

(©) P i3 nmof seated opposite o O,
(D) R is the left neighbowr of 5.

Q.No. 8  The distince between Delhi and Apra is 233 km. & cor P staried fravelling from Delhi to
Agra and another cor & started from Agra to Delhi along the same road 1 hour after the car
P odtarted. The two cars crossed each other 75 minutes afler the car {2 staned. Both cass
were travelling at constant speed. The speed of car P was 10 ki/he more than the speed of
car {F. How many Kilomeders the car O had fravelled when the cars crossed each other?

(A) Gl

(B) 752
© #8.2
(D) 165

QNo.9  Foramatrix M = [my]; i.j = 1,2,3,4, the diagonal elements are all zere and my; = —my,,
The minimum number of elements required to fully specify the matrix is ;

(A) i

(8) i
(© 1z
(D) 16

Q.No. 10



The profit shores of two companiesz Pand © are shown in the figere, 1 the teo compunies
hove invested o fixed and 2qual amoont every vear, then the o of the total revenue of
company I to the total revenue of company ., during 2013 - 2018 is_

i
BCompany P
&0 B com
pany
E:.E'u
B
£ 40
E
=
g 30
£
20
1o
2003 2014 2015 2016 2017 2014
Year
(A) I5:17
(B) i6: 17
© 17:15
(D) 17: 14

BM: Biomedical Engineering

Q1 - Q25 carry one mark each.

QNo. 1 amir o w2 pre the roots of the characteristic equation of & linesr second order
physical system. Match the nature of the roots with the natural response of the

svsicm,

Wature of roots System response

P mrand mecare real and distingt | K | Critically damped

0 | me; and mzare equal 1. | Owerdamped
R | wer and iz are comples M | Underdamped
(A) P, Q-M, R-K
(B) M, Q=1 B=-K
(©) PL. (K, R-M
(D) P-bd, Q=K. R-1.

QNo.2 A person is sitting in a chair with feet on the ground. While rising up on his feet, the

Kinematic motion ®OT accarring is

(A) Hip extension
(B) Plantar flexion
©) Hip flexion

(D) Enee extension

Q.No.3  The equiprent that measures elasiicaty of Bloosd vessel i v is

(A) Rheometer
(B) Dimension analyser

(©) Themmomechanical analyser
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Q.No. 9

(A)
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Drvnamic mechanical analyser

Biomaterials with shape miemory effiects are NOT used in
Intracranial aneurysm clips

Arterial blood vessel elosure devices
Cirthopedie fotal join replacements

Orthodontic dental arch wires

The MRI scunner parameter of long Trep or short Tree will generate o
conirast image

Proton Density -weighted

T2- weighted

Ti- weighted

T2 weighted

In dimgnostic X-ray imaging, the following is NOT a part of primary EM radiation

interaction in soft tissoe.
Photocleciric effect
Characteristic radiation production

Compton scattering
Fair-production

A5 MHx ulirasound pulse 15 vsed 1o image o tumor a1 o depth of 2 cminoosoft
tissue, It takes time § for the reflected echo from the tumor to come back 1o the
receiver. Instead, iFa 2.5 Mz wave is used, how long will it take For the echo rom

the same turnos [o arrive at the receiver?
1£2

H

2i
41

X(s) is the Loplace ramsfonm of a signal x(t).

The Laplace transform of %ﬂ assunning x{0) = 0. is
5X(5)
Xis)fs
dX ()
ds
1dX(s)
5 ds

Which of the following are odd functions?
I Binir)

0z Cos(ry

K Singr) -+ Cos(e)

& BiniCos{t
Qand 5
P amd )
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Q.No. 16

Pand 8
R and ()

State-spuce model of a svstem is piven as:

o olx+[glv
¥=[1 0J]X

The conditions For the systeimn to be contrellable are
a=0.h=0
az0,b=0
azxlh=z0
a=0h=10

In microprogessor svstems with memory mapped 1O, which of the following is
trme?

Only 170 devices with intermal memaory can be interfaced.

LCr devices can be aceessed using [N and OUT instructions

Each 150 device can be addressed as a memory location

Artthmetic and logic operations cannet be directly performed with the [0 data

The number of electrodes used in recording standard 12-lead Electrocardiogram
(ECG) is

13

12

11

o

Which of the following is MOT a part of knee joim?
Patella

Tibia

Femur

Fibula

During o rontine stethoscopic examination ol the left midelosvicular-5th imercostal
space, murmurs were noted between first and second heart sound. The possible

abnormality among the following could be
Aortic stenasis

Mitral regurgitaiion

hditral stennsis

AoTiic regurgitation

The thin fitament of a muscle fber is comprised of
Troponin, Tropomyosing Actin

Traponin. Tropomyosin, Titin

Tropomyosing Titin, Actin

Actin, Myosin, Troponin



Q.No. 17

Q.No. 18

Q.No. 19

Q.No. 20

Q.No. 21

Q.No. 22

Q.No. 23

Q.No. 24

The valuz of the integral evalusted over the comtour C: | 2| = 32 §=

1§ # .
mlG-NE- "

The gigenvalues of 8 3 x 3 nop-singulor mstrix Pare 1, 2 and 3. The troce of muotrix

P (rounded off to two decimal places) is

The following recursion relotion, when started from o finite posttive non-zero value,

CONVETRES 0

1 |
e =3(m )

1]
In a nuehkear imaging system. Sodivm lodide (Kal) ernvstals are wsed 1o detect gamma
rays of 120 keV. The percentage (%) of pamma-rays that will pass through | em of

Mal crystal, assuming the Half-Value-Layer (HY L) of Nal as 0.2 cm, is
i runded off 1o one decimal place).

The distal end of on endoscope is placed ot a distance of 1 mm from the
gazstrointestinal wall. The refractive indices of the fiber core and cladding are 1.5
and 1.45, respectively.

The maximum field of view for the endoscope is deprees  (rounded
af f to one decimal place).

Two inductors with the detzils given below are woond sepavately on two identical

ring tyvpe lerromagnetic cores,

Coil | Number of turns | Gagge of wire | Sell=Induciance

Ciorl-1 N (i Ly

Coil-2 2N G2 La

Thee ratio La/Lyis

Tw dyes X and Y having concentrmtions in the ratio 0.25 in identical cuvettes were
subjected w absorplion measwrements in a spectrophotomeler. The estimated ratic
of their ahsorbance is 005, The ratio of their molar extinetion cocfficients is .

Hyvdrolysis of ong ATP molecule provides an enerzy of kilo calores
feormest up tooone decimal place)

An B30 nm faser Doppler flow meter probe is orented at an onple of 60° (o the flow
axps, 7 the avernge Mow velocity 15 3 cmy's, the magmtede of Doppler shill
frequency (KHz) is {rounded of T to one decimal place).



QNo.25 A& 10H) i single current pulse from o pulse generator is wsed for srificial pacing of
heart at the right ventricle. If the delivered encrpy does not exceed the fibrillation
threshaold of 300 1), the sale durstion of the pulse that could be applied o the tisue
miass having an impedamce of 300 £3 65 [TER

Q26 - Q55 carry two marks each.

Q.No. 26  The resting potential of a mammalian nerve cefl is = 80 mY, A certain drog
adminisiered 10 the body changes the intracellulur K¥ concentration fram 130
mimold to 35 mmel/L, The nearest valoe of cell membrane poiential afier the
drug administration, assuming that the external equilibrivm of K does not get
shanged during the event, is

(Cras constant = 5313 Imol'K, core temperature = 377 O and

Faraday constant = 6500 Cimal )

(A) =117 mY¥

(B) =18.7] m¥
(© =53.32mV¥
(D) =141 .30 m¥

QNo.27  The wrrangement of four resistors of equal value in the diaphrogm of o
physiological pressure measurement catheter is shown below, The applied pressure
15 ohserved 1o cause an increase in length of resistors B2, B4 and an increase in
cross sectional arca in R1 and B3, The operation resalis i an equal change in the
values of all four resistors. Which among the configusation given below should be
used 1o connect the resistors 1o form a Wheatstone bradge so that bridge outpat
voltage is proportional 10 the change in resistance of individual resistors?

Rl R2 Rl R2
{1 ()
] (o]
Vo Vo
? 9
R 3 R a
Il 1.1
|||- III'
(A) [ anly
(8) 11 only
© Medther [ nor 11
(D) Both | and 11

Q.No. 28



For the given input voltage, ¥y, = 10 sin{Zmt) to the functional circuit shown

bl e output signsl will be

A [
(A) i
=
| -l:-
1E§ =
Y
(8) T
F] _-'.
J_r'. i
Fo il F =
= "'..‘_.
Y
© bur

(D) l'ur‘

Q.No.29  During a men-imvasive messurement of blood pressure, mean arterial pressure
was observed to be 100 mm He. If systolic pressure is 150 mm Hg, the dinstolic

pecasune would be

(A) 110 o Hg
(B) T3 mun Hg
© T0 man Hg
(D) 50 mm Hg

Q.No. 30



(A)
(B)
©)
(D)

Q.No. 31

(A)
(8)
©
(D)

Q.No. 32

(A)

(B)
©

(D)

Q.No. 33

Two fomds ore connected to AC supply mains as depicted in the figure. One bowd
dravwrs 10 KW whereas the other load of 10 kYA 15 operted at (006 pf lageing. To
achieve an overnll power factor of 0.9544 lagping, the nearest kN Ar rating of the
capaciter bunk needed to be connected across the supply mains is equal to

—>

W

=

.

E

= I EY AL

= WEW 1 1 06 pf tapsing
L

&

L

[F¥]

E S L |

The nearest vilue of power dissipated in the 3 £2 resistance in the circuit 15

A
0
10

A O
L

ﬂMﬁ

Iw
paTERY
12 W
DR W

A second order low pass filter is being constructsd by cascading two first erder
loww pass filters with the following iransfer functions

1
1+ fiab fuib 5

L Hylfe) = —

L Jod oy

Hylja) =
where oy and aiz are the respective 3dB cut off freguencies.
The undamped natural frequency a, of the resulting second order low pass filters
is

W =y iy iz
s = gy iy

fU|l|:L|:.g
mi'_a_._._
iy iy
a1 2 2
= frad 4o
40 2



Match the bridge tvpe with the application given below:

Nume of the bridee Application

P | Maxwell bndge K | Measurement of Low resistance

Q| Kelvin dovbde bridge | L | Measurement of medium Q-coil indoctance

R | Hay bridge M | Measurement of capacitance
5 | Schering bridge M| Measurement of High Q-cotl inductance

(A) P-L, Q=K R, 8-

(8) P-N, Q-K, R-L, 5-M

© PN, Q-1 R-M, S-K

(D) =L, Q=M. BR-M, 5-K

QNo- 34 Far a non-unity fecdhack system with G(s) = ;:f-; and H{s} = ;-;2_-; ,

the magnitude of steady-stale error to & unit step-input is

(A) .50

(B) .45

(©) .25

(D) {20

Q.No. 35 Match the Boolean expression with its minimal realization

e m— ==

Boolean expression Minimal realization
P |EFZ+XYI+Xve K |X(¥+2
Q | XYE+XVE+XYE L | &Y+

RO\ XY + XVZ+X¥Z+Evz M|z

S |XFZ4+XYZ4+XFZ4XY2 | N |YF(X+D

*) P-E, Q-L; RN, 8-M
(B) P-L, Q=K R, 8-
© P-L. Q-N, R-M, SK
D) M, QK ReL, 8N

QNo. 36  The glomeralus fltration process of kidney s modeled os o flol membrane with
pores of radivs | nm and length of pore 60 nme The viscosity of the fuid is
1002 Pa = The aggreppie area of the pores makeup 5% of total surfoce ares of
the membrane. The average pressure on the blood side of the membrane is
B0 Pa and on the witrafilirate side is 6200 Pa. The iotal available area of

membrane is 1.5 m®. The nearest value of resulting filtration rate in cm'/min is



(A)
(B)
(©)
(D)

Q.No. 37

(A)
(B)
(©)
(D)

Q.No. 38

(A)
(B)
(©)
(D)

Q.No. 39

(A)
(B)
(©)
(D)

Q.No. 40

(A)
(B)
©

IR
.40
H.43
8437

During resting state, this voltape suiside the cell membrune compored 1o that
inside the membrane is . Under such conditiens, the intracellular and

extracellular regions have and conmccnirations, reapectively.

More positive, more Potassium [K'], more Sodium [Na®|
More negative, more Polsssiom [K], more Sodivm [Ma')
More negative, more Sodium [Na'], more Potassiom [K)
More positive, more Sodium [Na®™|, more Potassium [K*]

The tensile strength of a degradable suture used for a surgical procedurs in the
human body is observed to decrease exponentially from s original strength by
404 and 50% after 10 days and 20 days, respectively. The closest approsimation
of the time taken for the tensile strength 1o decay 8o 2086 of its ongnal valuce

woild be
35 daws
43 davs
&1 davs
T davs

A G0 kg persom is standing on one foot on a force plate. The ground resction
foree 19 found to act 30 mm anterior to the ankle joint The mass center of a foot
is &) mm from the Trochanter Knee Ankle (TEA) line. If the weight of the foot

g L8 kg, the closest value of magnitwde of moment acting on the ankle joint 5
11 Nm

48 Mim

235 Nm

466 Mim

The temperature of bone cement is incresed from 37°C 10 87 during the
femoral hip arthroplasty. The cement thickness is noted 1o be 20 mm. The stness
developed due 1o exothermic resciion of bone cement during the polymerizntion

process and shrinkage of the bone cement, respectively, are

Assume that

(i} bone, cemend, and implant are modeled as a set of conceniric cvlinders
(1) no direct adhesion tnkes place between bone amd cement

(13} temperature is uniform

Coefficient of thermal expansion of bone cement = 9 x 107"7C

Young' s moduhes of bone coment = 3.5 GPa
1575 MAPa, 90 pm
1575 MPa. 110 pm



()

Q.No. 41

(A)
(B)
©)
(D)

Q.No. 42

(A)
(B)
©
(D)

Q.No. 43

(A)
(B)
(©)
(D)

Q.No. 44

Q.No. 45

G835 MPa 110 pim
685 MPa, %0

A potient is initially imoged a1 Tesla MRI scanner and induced voltage is found
to be equal to V. The expression for the magnitude of the received voltage in BF

coil 15 piven below.
¥ = 2uygVeMpi(Sing) 5"

Voo MR shice volume, Mg: Mognitude of resultant mognets vector ot eguilbibrivm,

Fo: Larmor frequency, a: tip angle, @ Magnetic field sensitivity of receive coil.

When the patient is shifted oo 3 Tesla MED scanner that vses the same BF col
and the slice thickness is halved, the magnitwds of the induced voltage was found
to b equal 10 %2, The ratio Va'y) is

.5

in

4.5
.0

A3 MHz ulirasound transducer iramsmits a 3-cycle long pulse indo o sofl tissue al
normal incidence to fat and liver interface. The axial resolution (mm'’ und the

amplitude reflection coeflicient at fai-liver interface, respectively, are
Use Cyjupye = 15300miR,  Crge = 150 mis, e = 1370 mf3,

Prae = 920 kg, Py = 1060 kg/m?
0.5, 0.22
0.75, 0.22
0.5, 0.1
0,75, 0.11

The forward binsed current of o silicon (31} diode 15 being caloulated from the
exponential model of the V-1 characteristics. [F the diode current [ = Il mA ata
voliage drop Ve = 0.7V, the nearest value of o when V=08V is

A thermal voligge = 253 mW for 51 dicde

(L1233 mA
I mA
52 mA
G0 mus

A comtinuous random variable x has o probability density function given by
Flx) =8 { —oo = g = 00)

where @ 15 0 real constont, The vanance of x 15 {eoerect up o

one decimal place),

The magnitude of the pradient of the function f(x,¥) = x* + y* at the point
(1,1} s (roumded of T fo two decimal places).



Q.No. 46

Q.No. 47

Q.No. 48

Q.No. 49

Q.No. 50

Q.No. 51

The valee of following double integral is {eorrect up to three

'U’ xy drdy
&

where K18 the first guadrant of the circle with center at the erigin and radins of

decimal places).

One uniL.

A gyvnaecologi= recorded the blood pressure {BIP) of patients as shown in the
Table below, Using Begression process, the disstolic BP of o 38 vear old patsent
imm Hghis __ {rounded oft to two decimal places).

Agrer [years] 23 |24 (25 |26 [2E |29 |31 |35 |40

BP (diastolic) |65 |60 (62 |70 (70 (73 | 7S B3 [90

mm Hg

A person in standing position first Thexes the hip by 307 from the initial
Trochanter knee ankle (TEA) line and then Mexes knee by 207, The distance of
ankle joint from the initial TEA line is (rounded off to nearest infeger ).

(i) the distance hetween hap joint and knee joint is 400 mm
(i} the distance between kree joint and ankle joint is 300 .

A chiest radiopraphof 36 cm = 48 om is digitized. If we want to preserve details
it the image oo spatial resolution of & eveles'mm, the approximme imaee dota
stee in ME for an B bit quantization is {rornded off 1o two

decimal places},

An Xerwy radiography scenario is shown in the Tiguee. If the number of incident
phetans (M) is equal ta 2 3 107 at 50 ke'V, the number of photons (Ny) that exit
the fisse is % 10° {rounded off to two decimal places),

(use Ninear attenuation coefficient Tor soft tissue and blood at 50 keV as 0.4 o
andd 0.2 em’!, respectively).

Eem DSem 1 em




Q.No. 52

Q.No. 53

Q.No. 54

Q.No. 55

The wavelength of an electron accelerated 1o o potential of 1V is nm

frounded of I to two decimal places).
Mass of electron = £ 11 %107 kg
Planck™s constant, h = 6.63x 10" Js
Charge of electron = 1.6 <107 C

In o permanent mognetic moving eoil (PYVMO) mstrament having fol lowing
specifications, the angular deflection of the pointer for & coil current of 100 pA
will he degrees {rounded off to one decimal place).

Magnetic Mux density = 1.5 Tesla
Torsional spring constant = 2% 107 Nmideg
Cross sectional area of the ¢oil = 2.5 cm®

Murnber of tums of the coil = 5040

Arterial blood extrocted from o healthy adwlt shewed an oxveen parial pressure
vilue of 40 mm He. The tetal oxyeen content inthe arterial blood measured in
N IY Is {rounded off to one decimal place).

Cinven: Solubility of oxygen in blood = 0,003 mlrmm Hg/dL
Hemoglobin oxypen sofuration = U5 %
Chaypen carrving capacity of Hb = .34 mlig
Anterial blood hemoglobin coneentration = 1 3g/dL

In the process of megsuring blood flew from an artery wsing C-clamp magnetic
flow probe, the voltage recorded across diametrically opposite sifes of the artery
it 3.75 nV. The blood flow rate through the artery s cm'ds (moumded of
o b decimal places),

The inner diameter of the C-clamp = 0.5 cm,
The magnetic flux density = 1.5 % 1075 Whim’.

A cell is injected with a current () = u [£) to produce a change in the

intracellular membrane voltage w (t). The cell-membrane is modeled as o linear

I
system with impulse respense i (£) = A e w(t). The cell membrane voltage

ouipat at & ms 15 my

Lse A = —34 Vi 1= 1 ms
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Answer Key - BM: Biomedical Engineering

Q.No. Session Que.Type |Sec. Name |Key Marks
1 3 McQ GA C 1
2 3 McQ GA B 1
3 3 McQ GA D 1
4 3 McQ GA D 1
5 3 McQ GA B 1
6 3 McQ GA D 2
7 3 McQ GA C 2
8 3 McQ GA B 2
9 3 McQ GA B 2
10 3 mcQ GA B 2
1 3 McQ BM C 1
2 3 McQ BM C 1
3 3 McQ BM B 1
4 3 McQ BM C 1
5 3 McQ BM MTA 1
6 3 McQ BM BORD 1
7 3 mcQ BM B 1
8 3 McQ BM A 1
9 3 McQ BM C 1
10 3 McQ BM C 1
11 3 McQ BM C 1
12 3 McQ BM D 1
13 3 McQ BM D 1
14 3 mcQ BM B 1
15 3 McQ BM A 1
16 3 NAT BM -1.1to0-0.9 1
17 3 NAT BM 1.82t0 1.84 1
18 3 NAT BM 1to1 1
19 3 NAT BM 3.0t0 3.2 1
20 3 NAT BM 44 to 46 1
21 3 NAT BM 4to4 1
22 3 NAT BM 2to2 1
23 3 NAT BM 7.25t07.35 1
24 3 NAT BM 35.8 to 36.4 1
25 3 NAT BM 60 to 60 1
26 3 McQ BM C 2
27 3 McQ BM A 2
28 3 McQ BM D 2
29 3 McQ BM B 2
30 3 McQ BM A 2
31 3 mcQ BM A 2
32 3 McQ BM A 2
33 3 McQ BM A 2
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34 McQ BM D 2
35 McQ BM B 2
36 McQ BM C 2
37 MmcQ BM A 2
38 McQ BM D 2
39 McQ BM A 2
40 McQ BM A 2
4 McQ BM C 2
42 McQ BM D 2
43 McQ BM C 2
44 NAT BM 0.5t0 0.5 2
45 NAT BM 2.8t02.9 2
46 NAT BM 0.125 to 0.125 2
47 NAT BM 86.5 to 87.7 2
48 NAT BM 456 to 457 2
49 NAT BM 23.70 to 23.75 2
50 NAT BM 0.5t0 0.6 2
51 NAT BM 1.20to 1.25 2
52 NAT BM 9.0t0 9.6 2
53 NAT BM 19.2t019.4 2
54 NAT BM 0.95t0 0.99 2
55 NAT BM -84 to -81 2

Copyright : GATE 2020, IIT Delhi



http://gate.iitd.ac.in/

	2021_BM
	BM

