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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

There are FOUR questions in this section. Question N(). 1 is MANDATORY.

Answer any TWO of the remaining THREE questions.

I. (a) Bricny explain how one can control gene expression,' OS)

Ib) Describe the various stages of the cardiac cycle and illustrate how pressure and (IS)

volume changes take place.

(c) Consider a patient undergoing a renal clearance test for substance Y. During (15)

the test,lhe patient's urinc now rate is measured to be 2 mUmin. The concentration

of suhst'ance Y in the p:Hient's plasma is 10 mgldL. and the conc,~ntration of

suhstance Y in the patient's urine is 5 mgldL. Calculate the renal cl,~arance of

suhstance Y for this patient.

..., (a) Expl'ain the basic principle of nuorescence microscope with schematic. (12)

(b) Which one is the most important component of x-ray imaging system? With (13)

schematic describe the working principal of that.

(c) Write down the clinical applications of ultrasound imaging.
I

(5)

., -..

I

3. (a) "Molccular docking is an important step in drug discovery. How do you (IS)

quantitativcly calculate the affinity of a drug with a protein based on

experiments? Include all necessary derivations.

(h) A cylindrical blood vessel with a length of 10 cm and a radius of 0.1 cm has a (I 5)

flow rate of 5 mUs. The viscosity of blood is 0.04 poise. Calculate the pressure

drop across the blood vesscl

4. (a) Briefly describe different pathological conditions where gas exchange in the (15)

alveoli .is affected. and provide the underlying cause of why the gas exchange is,
affected.

(b) Briefly describe the different features of the innate and adaptive immune (IS)

system~ .

I
I
I
\

!
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SECTION -B

There are FOUR questions in this section. Question NO.5 is MANDATORY.

Answer any TWO of the remaining THREE questions.

5. (a) The tibia is the major weight-bearing bone in the lower extremity. If 88% of (16)

body mass is proximal to the kr:ec joint. how much compressive force acts 011

each tibia when a 500 N person stands on only on hislher right leg? How much

compressive force acts on each tibia if the person holds a 20 N sack of groceries?
I

(b) Discuss the comparative advantage and disadvantage of synthetic and natural (9)

polymcr.

(c) Explain the working principal of pulse oxiometer?

(d) What is the difference between PET and SPECr scan?

(II)

(9)

6. (a) Explain the stages of wound healing with appropriate schematic. (12)

(b) Draw a schcmatic of wetspinning setup. (6)

(c) With example. write short notes on the classes of medical devices. (12)
, .
I

7. (a) What is the clinical significance of neutral buoyancy? (9)

(b) Is blood a Nev.10nian fluid? Draw shear stress vs shear rate graph of blood. (12)

plasma mid water.
,

(c) What defines a stem cell? (9)

R. (a) What 'arc the 12 leads of ECG? How 10 electrodes are used to measure ECG (16)
I

signals~

(b) With schematic mention what are the sensors involved in a dialysis machine~ (14)

._-_._-~-_ ..
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(15) ~.

(15)

Fnncb Inner Ouler

Gluge Dlomeler (mm) Dlomel •• (mm)

4 1.333

6 1.5 2

8 2.25 2.667

/ 10 3 3.333

12 3.75 4

There are FOUR questions in this section. Question NO.1 is MANDATORY.

, Answer any TWO of the remaining THREE questions.,
I------------ •.1-

J. (a) Fora piezoelectric sensor plus cable system that has I nF capacitance. design a
!

\'oltag~ amplifier by using only one non-inverting amplifier that has ~ gain of 10.

It should handle a charge of 1 JlC generated by the carotid pulse. It should not drift
I

into saturation because of bias currents. and it should have a frequency response
I

from 0.05 Hz to 100 Hz. The amplifier enters saturation when output voltage
I

exceeds 15Volts. Add minimal number of extra components to achieve the design
i

specifications.

I
(b) Determine the resistivity of the liquid necessary for safe operation of a liquid-

! .

filled catheter that is 1.5 m long. and has an outer diameter of 2 mm. Use the data

provided in Figure: Ouestion I(b). Assume that the patient is grounded and that a
I

120 V fault develops at the sensor.

::? j J,::, ,
!

~ I
t:: 100

j I
ot.5 1!o

] I!'2.:::. so;;: I;;
5 2~'c;,::
;.

6 8 10 12

Calbeltr Size (Frencb Gnuge)

Figure: Ouestion 1Cb)

(c) With appropriate diagrams, explain the origin of Korotkoff sounds, and how a (15)

doctor' can determine systole and diastole systole blood pressure based on these

soundL Also mention the disadvantages of using catheter-tip sensors to measure
Iblood pressure.
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(a) '12.

I.

.+ .. ~ r,

" .
To assess the cardiov~scular health of a patient, a doctor asks'you to

determine the cardiac output of a patient. So, you apply a 0.5 T magnetic

field across the diameter (1.6 cm) ofa blood vessel. As a result, a voltage

, potential of 30 mY fonns across the vessel diameter, perj)endicular to the

magnetic field. From this information, calculate the volumetric blood flow

(IS)

v

3.

. rate of the patient t.hrough the vessel.

II. The above-mentioned method was invasive in nature. To determine cardiac

output in a much less invasive method, you decide to involve a I MHz

ultrasonic transceiver on another blood vessel of the patiem the cross-

sectional area of which is 2 cm2, as shown in Figure: Question 2(a). With

e, = e. = 30", you detect a frequency shift of 1200 Hz. Assuming speed of

'sound in blood to be 1500 mis, what would be the calculated volumetric

blood flow rate through the vessel in this method?

)0SQurce

7ft,--~..- - ---- -~- - - --- - - ----"Or .'i> Receiver
Figure: Question 2(a)

JIl. Next, the doctor wants to know the partial pressure ofCQ~ in the patient's

blood. So, you submerge a pH electrode, and a PC02 electrode into the

. patiem's blood sample. Blood pH is found to be 6.9. Previously, you had

calibrated the carbon dioxide electrode to 40 mmHg at blood pH of 7.4.

What would the doctor now find the partial pressure of CQ2 to be in the

: patient's blood sample?

(b) Eiplain the working mechanism ofpneumotachometers. Discuss the trade-offs

that e~ist in the design and use of these sensors.

(a) CLSid~;'-th'e1emperature transducer shown in Figure: Question 3(a). with

constdnt supply voltage Y, = J Y, a first thermistor RI with nominal resistance Roo",

and t~mpe~ature coefficient ai, a second themlistor R2 with same nominal

re;ist~'nce but with complementary temperature coefficient a2 = - al. and two

identiLI resistors R.1 = It. = R. The transducer produces a differential output
; I • .

voltage Yo in response to temperature T acting on both thermistors.I .
I
Ii

(15)

(15)

"
I
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VS I,
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Fieure: Question 31a)

I. Find the output voltage V••as a function of temperature T.

II. 'Suppose the transducer is flexible and mounted on the skin of a patient to

: monitor body temperature. Due to stretching during movement. the

thermistors and resistors are all subject to the same strain E. If all four

resistances have the same strain gauge factor G. show that the voltage

: response of the transducer is insensitive to strain.

111. 'The, wearable sensor is powered by a lithium-ion battery which is subject

to voltage variations. How do the offset and sensitivity change for a 10%
:

drop in the voltage supplied by the battery? Explain.

4.

(b) Mathematical)y show how helium (He) dilution method is used to estimate

functibnal residual capacity (FRC) of lung. Suppose. in an He-dilution experiment.
I '

a IO-liter spirometer is preloaded with 5% He at room temperature (25°C). After
I "

the patient has rebreathed. the He concentration in spirometer is found to be 4% at
I

305 K; Now calculate FRC of the subject.

I
(a) With rilathematical analysis. explain how physicians can assess valvular

I '
stenosis by measuring the pressure gradient across the valve of interest and now

I
through it. Suppose. a patient's cardiac output and heart rate are measured to be 6

Llmin~and 65 bpm. respectively. Calculate the approximate area of the aortic valve

for th~ pati~nt if average pressure drops by 50 nunHg during the ejection period of

0.25 slconds. Assume that blood density is 1050 kglmJ• and discharge coefficient'
r j. ' I .lor semIlunar va ves IS 0.85.

(b) NaLe the basic safety and essential performance standard for medical electrical

eqUip~lent.'How does this standard classify medical electrical equipment according

to the Lsed Imethod of protection against electric shock? Provide example of each

class.j •

(IS)

(IS)

(IS)



Figure: Question Sic)
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SECTION-B

There ar~ FOUR questions in this section. Question NO.5 is MANDA TORY.
II Answer any TWO of the remaining THREE questions.

I~-.----------
5. (a) Describe the fabrication process of Parylcne-bascd neural elcctrodes. How do

thcse neural probes differ from conventional neural mieroeleetrodes in terms of
effieienc'y. lifetime and biocompatibility?

I
(b) How can you apply your understanding of biosensor fabrication techniques to
develop a sensor that accurately measures blood pH levels? .

I

I'
(c) Figure for Question 5(c) demonstrates a block diagram of a cardiac pacemaker.
Arc ther~ any limitations associated with this particular type of pacemaker? If so.
how can these limitations be addressed or overcome?

I
. 'f" '.. r">~"'" ". [ •• --,-...._.. ~.....--"... ~-1~.. .' .. ,r' :~"''''''J \':fi'''l~''~~",-~ , ',....f:,.,'il: •.•.. .,.;: ..).'ff •.~

' ." .. ',-'. '" "'. :-".',.;'~'" .) <?r:-U se:,. J l/:'~"~/"~ ,<~..' :..;;~-:'~;
.~o. \.~'er. '~;O:"J1"'."I'I~;;1;1~'----'o.'.::..'o';'.':~t"''''':'l'.: L. "".,~..ndl._._._ •...E'•.l'.;:j.~.,~;l...'
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\ J

Y

Pulse generator

Dr"J
6. (a) JIIllilli-atca block diagram of a basic arrhythmia monitoring system. Explain how

this syste'm detects Ventricular Fibrillation. .

I
(b) A cardiac pacemaker delivers 5V pulses of 2 ms duration to bipolar electrodes
that can be approximated as being a 2 kn resistive load. The mean pulse rate of the
pacemaker is 70 per minute. The pulses represent 25% of the energy consumed by
the pacemaker. The pacemaker is powered by two Lithium cells connected in series
to give a 'voltage of 5.6 volts. What is the minimally acceptable capacity for each cell
or continLous operation lasting 20 years?

I
(c) Consider the following amplifier circuit with resistances Ri = I kn, R2 = R" =
10 kn. R4 = I Mn, R5 = 100 kn. and R6 = 1 kn. You may assume that the op-amp
is ideal alld not saturated. Find the output voltage ~ as a function of input voltage
Vin• I "ou\-

(15)

• •

(15)

(15)

(10)

(10)

(10)

, R6
Voo=5V

Rs ~ Rs
./.sy

Figure: Question 6(c)

+
Vout

7. (a) You just landed an internship at a major bio-instrumentation company. Your first (20)
assignment is to design an infant ECG device with the following specifications:

• Band-pass filtering between 0.1 Hz and I kHz comer frcquencies.
• A'mplification of the 1 mVpp ECG differential signal by 60 dB.

Level-crossing detection to produce a square wave output signal at the



. ,

..
3--

h1:artbeat frequency. ,

You havh two electrodes. a single 2.5 V battery, ideal op-amps, and any, required
resistors hnd capacitors. Be sure to label all components, inputs. outputs, and needed

, I
values. '

I
I
I
I
i (b) You arc given a biomedical instrument that measures strain and produces a

digital reading on an output display. The instrument transduces the strain into a
I ,

voltage. ~nd digitizes this voltage by a 10-bit analog-to-digital converter (ADC). The
transducer voltage as a function of strain is shown in the graph below. mid the ADC
full-scale voltage range is from 0 V to I V.

I: ...:
(i) Find the sensitivity of the'strilin-to-voltage transducer and the range of strain

oyer ":,hich it operates. '__
(ii) Find the resolution of the instrument and the range of strain over which it

produces a valid digital reading.
(iii)The transducer for known strain values produces a voltage that on average is

0.05V lower than expectcd and with a standard deviation of p.OI V. Find the
relative accuracy and precision of the instrument.

I
8. (a) Which cable configuration. as depicted in Figure for Question 8(a). would be

more ad~.antagcous for an ECG acquisition systcm. and what arc thc reasons for this
f I ') ,prc crcncc,

r ." ..

(10)',

(10)

Figure: Question 8(a)

(b) A typical EMG. bio-amplifier circuit is givcn below. You may assume that the (20)
op-amps 'arc ideal' and not saturated.I '

(i) Find the transfer function H(jw) = Vou,(jw) / Vio(jw).
(ii) Find the maximum gain. low cut-off frequency. and high cut-off frequcney of

the filler response for R1 = R1'= 10 kO, Rf = Rtf = I MO, R = I MO. R' = 10
kh. RL = 100 kO, and C = C' = 100 nF. Skctch the Bode plot (log amplitude
alld p~ase as a function of log frcqueney).

+

v•••.

I

lJ:~,
I

Figure: Question 8(b)

c'r
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SECTION -A

Question! is MANDATORY. Answer any TWO of the remaining THREE questions.
-------- --~--" "'-_.

(a) During respiration, given the normal value of C02 production rate, Qco, = 15
200 mL.min,1 (STPD). tidal volume, VT = 510 mL (BTPS), anatomic dead
space, VI) '= 150 mL (STPS). and respiratory rate, Va = 12min,l. During
exercise, QCD, increased to 1000 mL.min,1 (STPD), and Va increased to 20
min,l.
I. What would Y-rbe if PAco,did not change?
II. If R = 0.8 calculate PAO, (assuming that PACO, = 40 mmHg).

(b) The filtration and secretion rate ofPAH are as follows:

R = { 4.8. [PPAHI
.• 80

R. ::5 80
otherwise

Explain the titration and clearance plots of PAH with respect to the plasma

PAH concentration (mg.dL,I).

(c) Identify the status of various points in the pH - HeOl diagram as shown 15

in Figure: puestion l(b) and how the body responds to partially and

completely compensate each of them.

40

35

i' 30
E

~ 25
0<..l
i!:. 20

15

10
7.0 7.1 . 7.2 7.3 7.4 7.5 7.6 7.7 7.8

pH
Figure: Ouestion l(b)

..

Contd Pf2
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~
inulin excretion

2 3
Time (h)

Figure: Question 2 (a)

1Start infusion

2 (a) To determine the extracellular fluid (ECF) ofa person, you infused inulin 15

; in the body at a constant rate (i.e., Rate of infusion = Rate of excretion) .

•The profile of the plasma inulin concentration is shown in Figure' Question
,

~. You maintained the plasma inulin concentration at steady state until

the person urinated and emptied his bladder (after 2 hours). Immediately

, you stopped infusion and the plasma inulin concentration decreased as C(t)
I

= C,o(1 - ]1
0

t) mg/L. As inulin is freely filtered by kidney. we can assume

plasma inulin concentration, [P;n] = urine inulin concentration, (Uin). The

flo~ rate of urine. Qu = 2.8 Llhr and the steady-state concentration of inulin.

• Co';' 20 mg/L. Determine the ECF (L) of the person?
I 22

Reach steady-stale level20
18
16
14

~ 12:>
~ 10
III 8t;
~ 6
0-

4
2
o o

."t<.

(b) What are the effects of the following cases on Q2 dissociation curve 15

co~pared to the normal condition? Explain the reasons behind the effects

as well.

i (i) Effect of[H"] (ii) Effect ofCQ2 (iii) Effect of body temperature

3 (a) In light of gas transport in respiratory physiology, explain the statement 15

[ "Haldane effect is the converse of the Bohr effect."

I!
(b) Derive the Gibbs-Donnan equilibrium ratio and determine the potential 15

across the capillaries. Here, R = 8.314 J .mol"K".
!

4 (a) Explain mathematically why is physiological dead space always larger than 10

anatomic dead space?

(b) At rest, the rate of CQ2 production is about 200 mL.min-', STPD; tidal 8
,

volume is 0.51 L, anatomic dead space is about 150 mL. and respiratory

rate is about 12 min-'. Calculate the partial pressure of oxygen at alveoli.

(e) S~ppose the following test results were obt8\p,ed from 8 patient over a 24 12
__________ ___..--...."T-i_hours period: . .' ~'-, C;~t-d--.- ..-..-.-.-.. -..-P-/-3-~---l
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Urine volume = 1.5 L
Urine [inulin] = 100 mg%
Urine [urea] = 215 mmolL"
Urine [PAH] = 70 mgmL"
Plasma [inulin] = 2 mg%
Plasma [urea] = 5 mmolL"
Plasma [PAH] = 0.2 mgmL"
Calculate the following values:

I. Clearance of Cnnlin, Cnml, CPAII.

II. ERPF

Ill. The rate of PAH filtration, excretion, and secretion?

Contd P/4
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I SECTION - B

__ Question 5 is MANDATORY. Answer any TWO of the remaining THREE questions.
r---r., .,~_.".-._"--__ ..,.,..-,---,---~~_
l' 5. (a) Describe the three.element Windkessel model of the heart, outlining its (10) .:\'

comp~nents and what they represent. Subsequently, establish the corresponding {".::.•.••

mathelnatical relationship between pressure and flow.
I .

(b) Discuss' the limitations of using indicator dilution method for estimating cardiacI .
output: ~o circumvent the problems of indicator dilution method, suppose II physician

is usi~g the rapid-injection thermodilution method of finding a patient's cardiac
I ,

output! Compute the cardiac output from the following data.

II, :: 10 mJ. aT, = -J() K

(J; = lOOS kg/nr', c, = 4170J/(kg.K)

fit, = lOl'iO kg/Ill"', Ch = J640J/(kg.K)

1',
().7j,rll = -S.Os.K

n

(c) Detennine if either of the subjects of Figure: Question S(C) have lung disease or (10)
If 1 .. b' .not. yes, IS It 0 structJve or destructive?

o

::J
- 211
lii
.c.
~ 3
'"E
:J
g 4

5

5o 2 34
--Time (seconds)--+,

Figure: Question 5(c)

6

eontd PIS

(d) Answer the following questions.
I .

1. Suppose the last time you gave blood, your HCIwas 40% and your hemoglobin
I •
was 14g%. That was about 3 months ago. In the blood bank, they determined

~ou are type A negative. Suppose you have been in an accident and your

aoctdrs suspect internal bleeding. They took a sample of your blood lI,ndfound
I . ?it Hct of 25%. What would you expect your hemoglobm to be now.
I

11. During exercise, an athlete consumed 1.0 L ofQl per min. Arterial content of

bl was 20.5 mL% and mixed venous blood had 12.5 mL%. What is the

lthlete's cardiac output during exercise?
I

III. A normal individual experiences a deep cut that severs the radial artery near
I
the elbow. Ignoring air resistance. approximately how high will the blood
I

I,

i,.
. ~

(IS)

I,,
.I
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spurt? Assume that specific gravity of blood is 1.050 g cm" and the specific

gravity of mercury is 13.6 g cm").

6. (a) With appropriate assumptions and diagrams. derive the law of Laplace with the (20)

assumptions of heart being (i) a thin walled sphere. and (ii) a thick walled sphere.

Using the Law of Laplace. mathematically show that dilated hearts get hypertrophied.

i.e., the~ develop thicker walls.

(b) From the lung parameter values given below. calculate inspiratory reserve volume (10)

(IRV). 'expiratory reserve volume (ERV). residual volume (RV). and draw an

approximate spirometry trace in your answer script. Also label the various lung

volumes and capacities.

Tidal volume = 450 mL; Functional residual capacity = 2350 mt;

Vital capacity = 4750 mL; Total lung capacity = 5900 mL.
I

7. (a) FigJre: Question 7(a) shows lung volume vs. transpulnio~ary pressure graphs for

three different conditions. What can you determine from these graphs? What might

the conditions A and B be? Explain your answer .

i

""'~-

•••••
y••••••
(Utenl

o

•0
I'

2•
I

•• 40

Figure: Question 7(a)

(b) Suppose the following values are obtained for a specimen of venous blood: mean (10)

cell volume (MCV) = 90 11m3,hematocrit (Hct) = 40%, and mean corpuscular
I

hemoglobin content = 30 pg. Compute the red blood cell (RBC) count, and mean

corpuscltlar hemoglobin concentration (MCHC). Comment on the characteristics of

RBCs.
(cl Identify the heart's contractile events in the Wigger diagram shown iii Figure: (8)

Question 7(c).



=6=
BME431

c

":', ..
" '
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120
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:I:
E
.5-
II! 80
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,~

c 40
11

. "

o

t@.!,3~
\ A

I I
65 100

left ventricular volume (ml.)

A'
I

135

Figure: Question 7(c)

8. (a) A pulmonologist advises you to measure the functional residual capacity (FRC) of (15)

your lungs using a whole body plethysmograph, Upon inquiring, you get to know the

following, The whole body plethysmograph method consists of a refrigerator-sized,
,

air-tight chamber in which the patient can sit comfortably and which is usually
, I

transparent so that the patient can see the operator and vice versa. The patient breathes

through a tube connected to a pneumotach, which can measure airflow and pressure

at the mouthpiece and which is fitted with a shutter. After a n~lrmal expiration, the

shutte~ closes and the patient pants against the closed shutter, while simultaneously

holding the' cheeks in with the hands. The pressure at the mouthp iece is recorded.

The pressure goes up and down cyclically due 10 the pantingeffol:t:Y{hen th.~pr~~s.ure.,~-;'i,,~.';;,~;~-f::"'~:
, ~sI;-.. :- '"".~,~~r;-;:7i.•:;;J:~:",k..:.{~...:;.~'~-'../'_--

goes up, the gas remaining in the lung is compressed,~ li91",--~'!t~c:.te~.1~e

decrease in volume of the thoracic cavity is accompanied by an increase in volume

outside the body, in the chamber. Now. if the volume change measured by the body

plethysmograph is 71 ml and the pressure change measured at the mouthpiece was

20 mmHg, what would the FRC be? Note that the vapor pres~ure of water remains

unchanged. Make necessary assumptions if required.

(b) Assume a ~JJ}~le has a resting tidal volume of 400 mL, a respiratory rate (10),
of 13.breaths/min, and an anatomic dead space of 125 mL. When she exercises, which

of the following scenarios would be most efficient for increasing her oxygen delivery

to the lungs? Explain the outcome of each scenario to reach your verdict.

I. ,Increase of respiratory rate to 20 breaths/min but no change in tidal volume

II. ,Increase of tidal volume to 550 mL but no change in respiratory rate

II I. Increase of tidal volume to 500 mL and respiratory rate to 15 breaths/min

Which of these scenarios is most likely to occur during exercise in real life?

(c) With appropriate diagrams, explain how sympathetic stimulation accelerates heart (5)

rate via positive chronotropic effect.
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SECTION-A
I
I
I

There are FOUR questions in this section. Question No. 1 is MANDA TORY.
I
,Answer any TWO of the remaining THREE questions.

I. .(a)jr~h~;o halves of o~-e~eriod of a periodic sign-a'-a;e identical in shape except
I

lhat one is the negative of the other. the periodic signal is knovm to have a half-
I

wave symmetry. If a periodic signal t(t) with a period of To is half-wave

I ' ( ")symmetric. then f t - -: = -f(t).

(20)

~--

>-.,-
I--

(ii) For the biphasic signal t(t) defined below within the time window 10. 2rrJ.

first dral its waveform and determine if its half-wave symmetric.

41!f
b = - f(t) sin(nwot) dt

To 0
and

(il .In this case. show that all the even numbered hannonics vanish. and the' odd
I .

numbered hannonies arc given by:

I !l!412
an == -7". f(t) cOs(ni .•.•ot) dt

I 0 a
I\

I

1
exp (- 1~);

f(t) = ( t - rr)-eXI) --- .10 .
O.

O~t~rr

rr < t ~ 2rr.

Otherwise

I

I
(iii) Irthe signal is half~wave symmetric. then using the results obtained in part (i)I .
above. find the trigonometric Fourier series coefficients of t(t).

I
(b') /\ bibinstrumenlation system uses,the following passive filter circuit with input (15)

t(t) a,ld output yet) as shown in Figure: Ouestion 1(b). (i) Using Laplace
I .

transform. find its zero-state response if the input voltage is t(t) = 5te-'u(t). (ii)

Find th~ transfer function relating the output yet) to the input tCt).

f

10 1H

+

"
1(t)

1F 10 yet)

I,
Figure: QuestionJl!i)

"
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(10)

so

10

40

7.55
Frequency (Hz)

2.5

10 20 30
I Time(5)

1
I MA noise Component
//'1'

HR Component,'1'
//

o :o i

0,5
I'

-------------,,...-~',;-._._---
(el The Figure: Question 1(e) below shows the time and frequeney domain

I' .~
representati~ns of a photoplethysmography (PPG) signal. It ean be seen from the

bottom1plot 'that frequeney eomponents present in PPG signal are heart rate (HR)

eompo~ent ~nd motion artefaet (MA) noise component. Design an ideal bandpass

/iltcr to!be applied to the PPG signal so that only the HR componcnts remain after

filterinl W~ile down the magnitude and phasc response expressions of the /ilter

and sh6'w thcir plots, Your filter should facilitate a distortion-less transmission,

Note thht thJ plot of Figure: Question I(c) is shown in linear frequency (f in Hz)

while y~ur filter expressions should be in angular frequency (w in rad/sec). You
I .

may estimate frequency values from the plot.

J4':;>
'-' I

'"~.2
Q..
E.« ~4.

I

o

Figure: Question l(c)

,

2. (a) j'rove the'frequency differentiation property of the Fourier transform (dual of (15)

the time Idiffe'rentiation property) which is given by:

d
-jtfCt) ~ -d F(w)

l' w

Using this prJperty determine the Fourier transfonn off(t) = te-atuCt).

I.J (_. r f h r II . . I(b) Detemllne the 'ouner translorm 0 t e 10 oWll1gsIgna: (10)

1 .
f(t) = - [oft) + L] ej4t

2 1ft :1..,~.,

(el Using the Laplace transform of the signal e-atu(t) explain the concept of
II , .

region of converge nee (RQC) in the s-plane.
. '" I

(5)
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(a) Det~rmine the Fourier transfoml of the signal in Figure: Question 3(a). (11)

x(t)

t
22

2

1

- -I 1

Figure: Question 3(a)

(b) CalCulate the initial and final value of the zero-state response of a system with (11)
I .

transfer,function H (5):

1

H (5) = _6_5_2+_3_5_.+_1_0
252 + 65 + 5

Assume that input to the system is (i) u(t) and (ii) e-tu(t).

J
(c) Derive the scaling property of the Fourier transform. Using this property.

I
illustrate what happens to the Fourier transform of a reet(t) function when its

width iJ increased towards infinity and deereased to near zero.

I .
4. (a) A full-wave rectifier is used to obtain a DC signal from a sinusoidal input signal

1
sin(t). The rectified signal f(t), depicted in Fig. 3.18, is appli~d to the input of a

10w-paJs RC filter. which suppresses the time-varying component and yields a. DC

compoJent with some residual ripple. Find the filter output yet).

(8)

\

(12)

15 Cl

sin 1
Full.Wave
Rectifier

+

f (/)

+

yet) I

I.

Figure: Question 4(a)

(b) Using the Laplace transform solve the following differential equation: (10)

(D2 + 3D + 2)y(t) = Df(t)

Assume: y(O-) = y(O-) = 0 and f(t) = u(t).

(b) callulate the inverse Laplace transfonn of:

•
F(5) =

e-S + e-2s + 1

52 + 35 + 2

(8)
.1

i,
I

,I



SECTION-B
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!
There are FOUR questions in this section. Question NO.5 is MANDATORY.IAnswer any TWO ofthe remaining THREE questions.

. I-----------~'I-"'
5. (a) The figure below is an approximation of one cycle of ECG signal. (IS)

v(t)

40
l
30
I,
20
1
10
Jo
I
-10

2 4 6 16

time (in seconds)

Figure for Q. 5(a)

I. Expressv(t) in tcrms of thc unit stcp and ramp functions.

1 '
II. Find v(3D-I).

I ,
(b) For diabetes management. a basic model for blood glucose dynamics can be (20)

I ,
described by the following differential equation:,

(D2 + 6D + 25)y(t) = (D + 3)x(t)

Where y(tj is the glucose concentration and x(t) is insulin infusion rate. Get the

complete r~sponse of the system for a step increase of 5 units in insulin infusion rate.
I '

Considery(O+) = 0; y' (0+) = 2.

(c) When I analyzing sleep pattern. a basic model for respiratory effort can be (10)
represented by the following equation:

Q'''(t) + 2Q"(t) - 2Q(t) = X'(t) - 7X(t)

Where Qn) and X(t) denote the respiratory effort signals and change in airfloW.
respectively. Draw the Direct Form-! and Direct Form-II rea!i7..ationsof the system.

1
I

I
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6. (a) While calibrating a pressure sensor, following input-output was observed (15)

I

i
I

(t)

,t
3210'

1

o
21

I L--L_l-_~t

o

1

o

I
I

i
I

Figure for Q. 6(a)
, ,

Where output y(l) is recorded for 3 seconds. Determine whether the system i,causal,
I ,

time-invariant and memory less. Also, find the output of the system for input
I I

Xl (t) = u(t) + u(t - 1) - 2u(t - 2)

I .'
(b) Graphically determine the convolution of the following two signals: (I5)

, ,

.dl) //(n

,....--12

-I o 1 1 -I o I 1

Figure for Q. 6(b)

I

7. (a) Mechanical analog of electrical circuit model of respiratory mechanics is shown in (15)
I ;

the figure below.

Cs
Cw

I,,

i
I
I

I

L

Figure for Q. 7(a)

I. Draw the analogous electrical systcm.
J ~

I
j I
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II. Incenain situations. chest-wall stiffness might increase. How will it affect the model?
I .

Discuss.
i .\

(b) Find ~he impulse,response of an integrator. i.e. yet) = f~""x(r)dr (7)
I

I

(e) Detelmine whether the signal x(t) = cos (100 rrt + i)+ sin (40rrt + 2
3
") . is (8)

periodic ~r not. If periodic. find the fundamental period of the signal.
I

I
I

I

8. (a) Determ .le if the following systems are inenible. If inveniblc. find the inverse system. (8)
I

I. h(t) = u(t)
,

II. hit) = e-'u(t)
I

I

(b) In a simulation model of electromyography. muscle electrical activity is (IS)
i

fonnulated as follows:
Il y"(t) + lly'(t) + 24y(t) = x"(t) - 2x'(t) + 3x(t)
I

Where a relation between the EMG signal anc motor neuron firing rate is established.
i

Use state variable technique to find the impulse response.
i

(c) Slate hnd prove the commutative property of convolution. (7)
i
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