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l>l•p111t11H·11t 01'1\lo111 ·di ·111 H11pi11l' ·1-inp 

Hccflou A 
(AIIH\V •r /\NV 'l'IIIU:11: ,p1cHlio11H fro111 lhiH scctfun i11 Script/\) 

Druw the Ilowchurt uf lypl ·111 ·01111111111lc111io11 system 111 WB/\N 1111<1 explain how adaptive (13) 
t"m •r ·nntrnl ls 11111lnt11l11cd d11ri11p d111111rn11s111issio11. 
Writ' shml m1t •s 011 physlcul layer 1111d uunsport layer of' 1111 OSI model. ( I 0) 
Hxpl11i11 nee issury l'uctms lo he considered 1<1r dcsi 11i11p Lill i111pl1111111ble Io'l' based patient ( 12) 
11umi1mi11g system. lllustuuo the design pruccs« incorporating II flowchart. 

Deline holly urea network (BAN). Co111p:m: BAN with wireless sensor network (WSN). Can ( I 0) 
these two networks be iutcrupcruhlc? lf'so, how it can be possible? 
llrielly cxpluin the duster tree network und also write down the advantages and disadvantages (08) 
or this nctwurk. 
Druw 1111d ex pin in thc wireless communication path when a mobile station 'X' from Khulna ( 12) 
city wants to communicate another mobile stution 'Y' in Rajshahi city. Explain the modules 
used in the communicution path. 
Which IEEE standard is used for BAN'? Whal arc the properties or this standard? (05) 

Whut is pervasive computing'? Whal arc the challenges or pervasive computing? (08) 
Deline wireless sensor network (W8N). Describe the operational challenges of WSN. (09) 
Whut is network lifetime? Briefly explain the mobility of W8Ns. (06) 
The distance between a source node und a sink node is 200 m. lf the energy consumption for (12) 
processing the duta in the intermediate node is 250 .J, determine the energy consumption 
considering a == 1.65 for the following cases: 

(i) in a single hop transmission and 
(ii) in 3-hopc transmission. 

4. a) Two wearable EEG systems, both having input amp Ii lier power consumption of 5 W ( 18) 
have different system power consumption. JS1 EEG has the sampling frequency of 1 kilo­ 
sample/sec, net power consumption of the transmitter is 2X 10·3 W, and system power 
consumption is 21 W. While the 2m1 EEG has operated al 5 kilo-sample/sec, net power 
consumption of transmitter is 6xlO"" Wand total system power consumption is 26 W. Find 
the 

(i) power consumed in analog to digital converter and 
(ii) resolution bits in analog to digital converter. 

For both EEG systems, also design an efficient EEG system having compression ratio ol'0.6, 
which reduces total system power consumption or both EEG by l 51X,. 

b) What arc the problems in traditional electrode technology? I low it can be solved? 
c) Explain the design process of medical devices with necessary figure, 
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Sect.ion B 
(Ansv er ANY Tl 11u:1,: questions from this section in Script B) 

Shem and explain the working principle or surface acoustic wave (S/\ W) device. (08) 
\\ hat is meant by radiation pattern and gain or an antenna? (08) 
What arc the different propagation modes of electromagnetic wave? Explain (08) 
Why we use digital modulation technique? What arc different types of digital modulation? ( 11) 
Explain them with wavcshapcs, 

Draw the wave shapes of 'NRZ-L', 'Bipolar', 'Biphase-L', 'Differential Manchester', and (15) 
'Delay modulation' line coding schemes for the given binary sequence data 1001010001011. 
What arc l3ioMEMS? Write down some applications of BioMEMS. IIow to use BioMEMS (08) 
for cardiac patients? 
I low can you identify the DNA sequence with MEMS cell culture array? Explain. (12) 

Draw the block diagram of human body communication (Hl3C) transceiver. Illustrate the key (15) 
factors for describing HBC transceiver. 
What arc the methods used for multi-sensor fusion? Explain elaborately the fusion rules in (20) 
the context of data and/or decision. 

What is hidden node problem? How do you overcome this problem? (07) 
Explain body effect on RF transmission. Write down the design criteria of an implant ( I 0) 
transceiver. 
Design a wireless communication system to build a smart home. Give emphasis in the context (08) 
of biomedical applications. 
Explain the fundamental architecture of a GSM system. (10) 
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Khulna University or Engineering & Technology 
B.Sc. Engineering 3rd Year 21111 Term Regular Examination, 2022 

Department or Biomedical Engineering 

llME 3211 
Biomatcrials and Prosthetics 

Time: 3 Hours 

N.B. i) Answer any THREE questions from each section in separate scripts 
ii) Figures in the right margin indicate full marks. 

.Full Marks: 2 IO 

1. a) 
b) 

c) 

d) 

2. a) 

b) 
c) 

d) 

3. a) 
b) 

c) 
d) 

4. a) 
b) 

c) 
d) 

Section A 
(Answer ANY THREE questions from this section in Script A) 

What is biocompatibility? Write down a few example applications of biomaterials. (06) 
What is probability of failure? Briefly discuss different modes of failure of a medical device (06) 
(in vivo condition). 
Briefly discuss the classification of biomaterials pointing out features, advantages, and ( 15) 
disadvantages. 
What type of materials would you consider for producing an artificial artery? Why would you (08) 
consider them? Explain briefly. 

What is meant by toughness? Write down a comparative analysis of toughness of metals, (08) 
ceramics, and polymers with necessary figures. 
Briefly discuss the brittle fractures and its microscopic features. (10) 
Define anxetic material. Point out the reasons why strain hardening is seen in certain materials (08) 
in response to tensile stress. 
Classify Ti-alloy and explain each type in brief. (09) 

Write down the stages of fatigue failure with necessary figures. (07) 
Why is standard EMF series not considered to discuss galvanic corrosion? What is the (06) 
solution proposed to resolve this issue? 
What is crevice? Briefly explain crevice corrosion with necessary chemical formula. (13) 
What is shape memory alloy? How can you exploit the shape memory property to fabricate a (09) 
biomedical device? 

What is silicate glass? Briefly explain the commercial procedure of alumina production. (08) 
Briefly discuss the characteristics of UHMWPE. What are the problems associated with (07) 
UHMWPE in biomedical applications? How can you solve it? 
Point out the advantages and disadvantages of metals and ceramics. (10) 
Briefly explain the polymerization process of polymethylmethacrylate in biomedical ( 1 O) 
applications. 
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Section B 
(Answer ,\N\' TIIIH:I•: q11 ·stio11s from this section in Script B) 

What is SAL? Explain gamma radiation sterilization with their setup and mention its ( 11) 
ad antages over other sterilization methods. 
Which major problems can arise during CAPD? How would you solve them? (06) 
What is impression material? Explain the chemistry of calcination for gypsum product (I 0) 
synthesis. 
Which principal properties are sought in contact lens materials? Draw the block diagram of (08) 
an artificial kidney. 

Explain the working principle of atrial synchronous pacemaker with required diagram. ( I 2) 
Deline UV-E MO. Briefly discuss the working principle of oxygcnator unit in ECMO circuit (08) 
with proper diagram. 
\\ hat arc the differences between the blood pumps used in ECMO circuit? Briefly describe (08) 
the design construction of implantable bioartificial liver. 
Write a short note on gas plasma treatment and mention its advantages over E+O gas (07) 
sterilization methods. 

Write the luihu · nHHks ul' intcruul fixntion d .viccs with their location and reason for failure. (06) 
\\'hat is tlw 11d\'11nt11µc or using pyrolyt ic carbon in preparing arti ficial heart valve? Explain (I 2) 
S\ll'fi ·nlly impluntcd synthetic grnll with their design considerations and limitations. 
Fnumcrutc the steps involved in pyrolytic carbon molding and mention the fundamental (07) 
requirements for biouuucriuls for long term implants. 
\\'hat arc the requirements tor dialysis? Classify PD and point out the advantages and ( I 0) 
disadvantages or "/\PD. 

Provide a schematic illustration of bioartificial liver design. Explain the working principle of ( I 0) 
hollow fiber bioreactor. 
Point out the limitations of PCF based and hemoglobin based blood substitutes. (06) 
Write a short note on Zil3(P04)2 dental elements including their composition and formation (07) 
process. 

d) Which steps are involved in the healing process of artificial skin? Briefly explain the (12) 
manufacturing process of artificial skin. 
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b) 
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d) 

6. a) 

b) 
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d) 

7. a) 
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d) 

8. a) 

b) 
c) 
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BMI� 3213 
Biomcchan ics 

Time: 3 Hou rs 

N.H. i) Answer any Tl IREE questions from each section in separate scripts 
ii) Figures in the right margin indicate full marks. 

Full Marks: 210 

Khulna University or Engineering & Technology 
13. Sc. Fngincering l"d Yem 211d Tenn Regular Examination, 2022 

Department or Hiomcdicul I 1'.11gi11ccring 

Section A 
(Answer ANY TIIREE questions from this section in Script A) 

1. a) What are the types of bone? State the relationship between porosity and relative density of (07) 
different bones. 

b) How do your bones "know" how big and strong to be so that they can support your weight (06) 
and deal with the loads imposed on them? Name some movements in different anatomical 
planes. 

c) Why your gastroconemius can lift more weight than your bicep, even if they arc equally as (07) 
strong? Explain in terms of lever principle. · 

d) Consider the position of head and neck shown in Figure l(d). The head weighs W =SON (15) 
and its center of gravity is located at point C. FM is the magnitude of the resultant force, which 
is applied on the skull at point A. The atlantooccipital joint center is located at point B. For 
this flexed position of head, line of action ofneck muscle force makes an angle f = 30 degree 
and the line of action of the joint reaction force makes an angle {J = 60 degree with the 
horizontal. Determine FM and F1. 

2. a) Why a biomedical engineering student should study biomechanics? How knowledge of vector (08) 
and solid mechanics helped you to solve mathematical problems of hard tissue mechanics? 

b) Four forces act on bolt A as shown in Figure 2(b). Determine the resultant of the forces on (10) 
the bolt. 

w 
Figure l(d) 

y 

F 1 = 150 N 

x 

Figure 2(b) 
c) The wall thickness of a 450 mm diameter spherical tank is 20 mm. Calculate the allowable (07) 

internal pressure if tangential stress is limited to 60 MPa. 

d) A composite bar consists of an aluminium section rigidly fastened between a bronze section ( 1 O) 
and a steel section as shown in Figure 2(cl). Axial loads are applied at the positions indicated. 
Determine the stress in each section. 

Bronze Aluminum 
A= 1.2in2 A= l.2in2 

E9000 lb 2000 Ib--:1 � 
4000 lb --- · 7000 lb -1.3 ft- 1.6 ft---�---1.7 ft 

Figure 2(d) 

3. a) Why should you study biofluid mechanics? Describe the flow of newtonian fluid. (10) 
b) Th length of femur is 500 mm and the cross-sectional area is 370 1111112• llow much docs it (12) 

shorten when you stand on one foot? Assuming linear behavior, calculate the strain at UCS. 
[mass= 70 kg, Y = l 79x 102 Nmrn", and UCS = 170 Nmm·21 
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( 'onsidcr slt'l'Ss·slmin grnph shm 11111 Flit111·,· ](,·). Wlti ·It line in Ilic prnph is valid for cortical (13) 
h1ml' mul which 1m1· li1r uuhcculnr h1111 ·? I> •lirn: I ·v ·I: of' illr ·11glh, ductility, toughness, and 
slinill'!'lS liH· 1•111.:h bone rn11sld1•il11g th· J'l'llpl1. 

·'- 11) \\ hnt is hl11ml tlw11l,11 • l irnv th· vllu•oHlty vs .. It .nr-rute graph mid show that blood (IO) 
,·isl'l\!'lil '1kt'll'l\Sl'S IIS shcnr nuc llll'll'l\Sl'H. 

h) lkriw und dr11\ stl'l.'!'lS 1111d clo ·lty piul]] · I'm Ilow of' viscous fluid through tube. (15) 

\.') Write 11 !'ll11,11 pllrlll'l'llPh dcscrihi11p th· differ mccs between laminar und turbulent flow and <10) 
,l:,;,, nuuu' two phy!-linlnpi ·111 ·ornli1l1111s under which urrbulcnt Ilow rni rht arise in the body. 

Section B 
(Answer ANY 'l'IIIH:E questions from this section in Script B) 

S. a) Bricll) explain viscoelastic properties of tissue. (I 0) 

h) \\ hat is pcnuation unglc? Discuss muscle force production with appropriate diagram. (12) 
.) l low is mechanical load distributed in human body'? flow much compressive stress is present (13) 

on 1.1 and L2 vertical discs of a 500 N man? Given that approximately 50% of body weight 
is supported by the disc when he stands in anatomical position. (the disc is oriented 
horizontally with a surface area of 25 cm2) 

6. a) Explain l lill Muscle Model with proper diagram. (07) 
b) l fa muscle has a pcnnation angle of 20° and the length of muscle fibers is IO cm, calculate (08) 

the effective length of the muscle fibers. 
c) Explain the generation of AP in muscle cell with appropriate diagram. I low is muscle force (20) 

generated for muscle contraction? 

7. a) Edward was involved in a car accident resulting in whiplash injury. The cervical ligaments, (08) 
particularly the anterior longitudinal ligament (ALL) were subjected to tensile loading during 
the sudden deceleration. Sketch the long-elongation curve for the ALL until failure, 
considering the impact of accident. 

b) How docs tendon and ligament heal after an injury? (07) 
c) Consider a man with 70 kg mass who injured his left foot, as illustrated in Figure 7(c). As a (10) 

consequence, the contact force exerted by the ground on his left foot is 200 N. His feet are 30 
cm apart. Find the distance of injured foot to the line that passes through the C.G. Calculate 
the contact force exerted by the ground on the healthy right foot. 

200 

m 150 a.. 
� 
';; 100 
(/) 

� 
en so ---·· 

0 /. . 
0 5 10 15 20 25 

Strain(%) 

Figure 3(c) 

-( : : J 

- :O Q'- 
N,:�· N1 

Figure 7(c) 
d) Which device is used for limb angular movement measurement? State the typ s of that ( I 0) 

particular device. 

8. a) What is gait cycle'? What arc the phases of gait cycle? Describe the complete gait cycle of a (20) 
human with appropriate diagram. 

b) Why is it necessary to perform clinical gait analysis? l low is kinematic data analysis (15) 
performed? Given the following marker coordinate data of a patient-Lateral femoral condyle 
marker LI( = -0.881i - 0.858} + 0.325k, Medial femoral condyle marker 
MK= -0.855i - 0.767} + 0.318k, I lip center location II = -0.906i - 0.763} + 0.593k. 
Compute an anatomical coordinate system for the thigh. 
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Time: 3 Hours 

N.U. i) Ansv er any THREE questions from each section in separate scripts 
ii) Figures in the right margin indicate full marks. 

Full Marks: 2 IO 

Section A 
(Answer ANY THREE questions from this section in Script A) 

1. a) Define biomedical device. Show the converging technologies for the development of (08) 
biomedical devices. 

b) What is patient monitoring? What are the long-term objectives and parameters of patient (10) 
monitoring? 

c) What is ICU? Who are admitted to ICU? What arc the common equipment in ICU? (07) 

d) What is oximeter? Classify it. What are the advantages and limitations of oximeter? ( I 0) 

2. a) What is CTG? What are the conunonly employed methods for CTG monitoring? (08) 

b) What is electrosurgery? Briefly explain different techniques of electrosurgery with block ( 12) 
diagrams. 

c) 

d) 

What is electrosurgery unit? Calculate the power dissipated in 0.2 m3 of tissue that has a (07) 
resistivity of l .6x 103 nm if the current density is 0.36 A/m2. 

Classify EMI. How can you reduce EMI? (08) 

3. a) What is lithotripsy? Briefly explain extracorporeal shock-wave lithotripsy with figure. (20) 

b) Describe the operation of ultrasonic therapy unit. (07) 

c) Define drug delivery. Briefly explain the working of an automated drug delivery system. (08) 

4. a) What is electrotherapy? Mention some uses of electrotherapy. Who are not eligible for this (08) 
therapy? 

b) What is electrical brain stimulation? Classify it. (06) 

c) Describe the operation of lranscranial magnetic stimulator. (11) 

d) Write short notes on: (i) peripheral nerve stimulator and (ii) Vagus nerve stimulator. ( l 0) 
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Figure 5(b) 
c) Summarize the steps taken to linearize a nonlinear system. (10) 
d) Whut pole locations characterize the undcrdampcd systems, the ovcrdarnpcd systems, and the (05) 

critically damped systems? 

6. a) Define homeostatic control system. Give examples of positive and negative feedback systems (I 0) 
in human body. 

b) What docs the Routh-Hurwitz criterion tell us? Determine the stability of the closed-loop (12) 
transfer function via Epsilon Method. 

10 
T(s) = s5 + 2s4 + 3s3 + 6s2 + Ss + 3 

c) Explain steady-state error in terms of G(s). Take standard step, ramp, and parabolic inputs (13) 
and evaluate its effect on steady-state error. 

7. a) What information is contained in the specification Ka= 500? If a system has Kp = 4, what (12) 
steady-state error can be expected for inputs of 70u(t), 70tu(t), and 70t2u(t)? 

b) I Iow can you improve the transient response of an existing plant? Explain. (07) 

c) Sketch the root locus and its asymptotes for a unity feedback system that has the forward (10) 
transfer function 

/( 
G(s) - -----­ - (s + 2)(s+ 4)(s + 6) 

d) What is meant by FEF 25- 75%. Explain using spirornctry graph. (06) 

H. a) Briefly state and explain the Nyquist criterion. (10) 

b) Describe windkcsscl effect of the cardiovascular system. I lcnce deduce the differential ( 15) 
equation oft wo and three clement windkcsscl models. 

c) From lung volume vs. time graph, describe obstructive and restrictive lung disorder with (10) 
examples. 
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