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

1. a) Describe a generalized medical instrumentation system. (13) . 

b) Draw and calculate the: differential gain bf an instrumentation amplifier. (12) 

c) Why instrumentation amplifier is used instead of differential amplifier for biopotential (05) 
acquisition? . · · 

d) �ention some applications of biomedical instrumentation systems. (05) 

2. a) What are the requirements of a biopotential preamplifier? How theseare achieved in. an ECG (10) 

circuit? 

b) What are the noises associated with the ECG acquisition? Briefly describe them. (10) 

c) The output of a biopotential preamplifier that measures the EOG is an undesired de voltage (10) 

of ±SV due to electrode half-cell potentials, with a desired signal of ± i V superimposed. 

Design a circuit that will balance the DC voltage to zero and provide a gain o.f -10 'for the 

desired signal without saturating the Op-amp. 

d) Draw 10-20 electrode system for EEG signal acquisition, (05) 

3. a) What are the differences between leads and electrodes? Briefly describe ECG leads. (10) 

b) Briefly describe the working principle of a pacemaker. Mention different types of pacemaker (10) 

and compare them. 

c) How can you measure blood flow, velocity, pressure and volume? Mention at least two (} 0) 

method of each. 

d) Calculate the cardiac output, given the following data: Spirometer 02 consumption - (05) 

250 ml/min; arterial 02 content - 0.20 ml/ml; venous 02 content - 0.15 ml/ml. 

4. a) Describe instrumentation for electromagnetic blood flow meter. 

b) What are the major physiological effects of electrical current on human body? 

•(J�) 

. (09) 

c) What is meant by applied parts of medical device? Explain type B, BF and CF applied parts. (08) 

d) Write short notes on: 

(i) Phonocardiography. 

(ii) Plethysmography. 
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.for a specific measurement.system. 

 

Physico-chernical transducer. 

�4):· . A::_sen_sodsi9esigt?-�9 for -30°C .to +8Q0� {9 ou_tp:ut:2,SY..to _ l_.4V .... Determine.Range, 

. : • · .. , •. ?tiC;�r:rr  . 
. ·.·a) :.'-·,Classify :the;electi
... ·:: · . . . · · . : · · . ·: ·:.-·;·: :, ·.: ": -�;.',•!',:i'••'' ,·.:.._:,\;'·,· :;.,_.;:��:->:i:�;;:,r,.,��!;j<tw.;;�h-,1."t,�::'�;':1tt'f.�;�r;¥;f.t:if��f��i,�,��->9{ 

.·· . �rirtcii,Ie Of m;; One oiih��'
b) ·. :Dr.11w a-schematic. �i�grarji .of-silicon . i r9Sttip·d t.ecior: 

mictosiriP ile1§1[K
-c) -.Wdte·shor(.rtgt�s::�)i: ( Y.}0<> _:;.. 

(i) 

.. 6� 

(ii) Ion selective electrode; 

Describe the working principle of a glucose biosensor. a) 

·a)··. WhaFdo-you'meat{by.oruh5pticahtaiiscliic'er?rDe crio'e1lfe ijpera in 1 snn I I ; : 

.O�i,Tietry. 

·b) · - What is then11ocoup,le?.::Bri¢flY.. describe the·.��iki.hg,;pri�5;iple i; ... '. :··:·(f 

c)·· 
d) Mention the 1mmo�1h�tion:meth�ds.·u�ed.·1�:'9��e�tl�l};;�l���n.!�}A{iRW���?,t

. . 

8. 

7. 

. (ii) 



Time: 3 hours 
i) Answer ANY THREE questions from each section in 'separate scripts.":' 
ii) Figures in the right margin indicate full marks. 

N.B. 

b) Describe various economic systems to solve the basic problems. (15) 

2.· 

c) 

a) Explain the determinants of supply. 

b) "Solve the problems: (20): 
, ' • ' " . -:.:> �-,

There are l 0,000 identical individuals in the market for commodity Xreach '.with a demand'}; �-.,_-:°'.
1·t =�io'. • ,�/,T ·�,�· .� -:·,- ' :, t-·· '- ..•. �;��; • �. 1.:(. .• 

function is given by Qr1x = 12 ·- 2p"\'. .and 1-,000 identical .pro7dut;rs'·6f o¢rilodHy\x;- h·.l:,.,. )
· . �·.4· _'? \,;.,..J,1t

• -. ) ; t "!,.. . . . . . 20 �

with a supply function IS given by Gsx = Px .. . . 

(i) Obtain equilibrium price and quantity. 

Now, if the government decides to collect a sales tax of $2 per unit sold from each of the 

1,000 identical sellers- . ·. .. ·. ... 
. ' . , �'"I._ .. 14,: �(�r.!t� ��:- ··�:.-

. (ii) What effect does thishaveon the· equilibriuin·,piic{�iiitrJari-iit§:?:. ,. � -.- .- .,�· , .: ...... ,. ,.i,.?··�\· ���\.��- .. ����;
(ili) Who actually pays the tax? · 

(iv) What is the amount of tax collected by the government? 

3. .a) 

b) 

c) 

The "Karim Brothers" is a publisher of romance novels. The corporation hired an economist (20) 

to de�ermine.the demand for its product. After months of hard work th_e'ecori.oin _-'}_�t'-inforirii _<iVJ} _\� _-J �-
. � ·�··�- . ·-t:?i· "'!!-'.,.....�:·�. -·��1·�·'·.;���t(li::.;�p:;t�J'7!•t·.-.·.G,.·$�·�1:

the company thatthe demand for the firm's novel is given by0tlie-'foii��nfeqil�tib'il{�}}!1;1f.tff:. -·� ... � . ": ...... ,.�:)·:'" ·\'�

4. a) 

b) 

Define price-elasticity of demand. Explain the types of price-elasticity of demand. (15) 

Qx = 12,000 - 5,000Px + 5/ + SOOP, 

Where, 
Qx 

Assume that the initial values of Px, I and P, are $5, $10,000 and $6.re$pectively. 

Using the above information, the company's manager wants to 

(i) 

(ii) 

(iii) 

Determine what effect a price increase would have on total revenue. 

Evaluate how sales of the novels wouJd-change-'duri.ri'g a period·ofrfsi6gii�f
.• I � .. , � ·: .;: . '--:.t ::• J.. -;�{)'.i'. -��}r��-;��-;�'ff:"tr.� --�·Jt

Assess the probable impact if competing publishers would raise thei{price:.' • .: ·--\.·,'•:·y-:
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c) What is civilization? Describe relation between culture a  (JO) .. •', , .. ·;. :·., 
• • • • 

: 
, • 

01 ' , • ; • •• : .: 
,,., '•, 

":,,, ,•' .·,:,. '. , ". • 
': 

• ,,(: , ·,,, , ,•, 
·: •! \,

7. a) . ·�-Ftinctions�ofi.family1.is;,lost{Or:·mo_dhied1,'i.Ylhat dthy,6ultliink?)Explain·;in\tlie lfgljt''of §t "'.:.\(ii5}
. _ . 

��d�� .;o��f_�
.· . 'ibr. .. WhaLis\ uvenil I J "· .... .' · · _. .- . - .t . __ ,:·-.,· ·:'-·. i::·r.fl::.,.·:,,·,-,,:X;,..\_,'·:-R-,.i·:;-<;:'.�7.;tj�},�'/?:·,v.�,,i.:-,·,i1l"?J.:�,---.�.,r�{��m�

. 
; 

.. 
· .• 

·utbani��on'8DO,iri�U:�i��tioli;<; ;1
· ·s.: . .a)., :--E�-plam·.t4e-re}��1o_ti:snip,;i?,��een:in�t,1s_tnal�z_at10_n·,�q:JJr��!zat19ri: {'1.Q).. . . . 

. b) . }fow ck }'�Q�'..rii��$Uf{d€gree· 'or fov�l. 6f.ilib�tzation?:
. ; . . . . . 

::_· 
: r; :��----�/.?:��·'.;:;,;:��./:_:·::;�:, ', : · .. · ·:� � �-.:/·�.;·::<·�·�:;·::}�f.�;::/!.i:;. :�:·;�il

c ). What are.the :empmba'.Ec"6fiseqtie"ric'6si'io£,utbJhiHWhigi:f



Time: 3 hours 
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Full Marks: 210 

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

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

1. a) What do you mean by homogeneous system of linear equation? How many types of solution (06) 

are there exist for a homogeneous system of linear equation? 

b) When a system of non-homogeneous linear equations "is. said ·to be co�sistent? Ascertain : (.16) 

whether the following system is consistent; if it is, find a11 solutions 

X1 + Xz - 2x3 + X4 = 1 
2x1 - x2 + 2x3 + 2x4 = 2 

3x1 + 2Xz - 4X3 - 3X4 = 3. 

c) Determine the polynomial p(x) = a0 + a1x + a2x2 whose graph passes through the points (13) 

(1, 4), (2, 0) and (3, 12). 

2. a) Is inverse exists for all matrices? Explain it. Reducing A to I find the inverse of the following (17) 
matrix by using only row transformation 

A=[! .... 1 2 

!] 0 2 
1 -1 
0 1 

b) ls unit matrix idempotent? Show that (08) 

[ cos8 0 st;o] A= 
-s�ne 

1 
0 cose 

is an orthogonal matrix. 
c) When two matrices are conformable for multiplication? Find row rank of A, where (10) 

A=[� 1 3· -2 -11 2 6 -4 -2 '\ ., 
1 3 -2 1 
2 6 1 -1 

3. a) Find basis and dimension of the subspace W ofV spanned by the matrices (12) .. 

A=G �], B·= G �] and c = [� ;] 
· Where V be the vector space of 2x2 matrices over the real field 9? . ,..- 

I 

V3 = (0, 0, -i) V2 = (Q, i, 0) 

a) Define orthonormal set of vectors. By using Gram Schmidt process orthonormalize the family 
of vectors 

i i i 
V1 = (./3' ../3' ../3) 

b) Define analytic function and write the sufficient condition for analyticity ofij'unction. (10) 
( 

c) Verify the continuity and differentiability of f(z) = z at origin. (13) 

(17) 4. 

b) Find the eigenvalues and eigenvectors of the matrix 

A=[1 -� �] -1 -4 -3 
Also find the matrix P which diagonalize the matrix A. Determine p-1 AP . 
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5 .. 

:6. 

If Vet> 7. 

s� 

c) 

a) 

-c) 

·by x2 + y2 4, z O and z 3. 

,\ P.age,2.of�2,:,.t;•
.-·· · ::'-' : ':." �·> .: .. \ \



I. a) 

b) 

Wh�t do you mean by fundamental ·period of continuous-time. signal? Test whether the given .- (08) 
-signal is periodic or not: x(t): =.cost +:iin)2t· .. ·.�:. : -. .' · .... '. ·.·.·. . . .·. · ·. : .: · .·.:·_ </�:·�·.· •. . . . . 

_I)efi n� si g��· Draw: the even· and .odd signals of the signaJ·sh�wn ;i� ·Fig. l{b): -� ... {Ci?) 
'c) <Define the- following.signal. mathematically and represent;gi:aphically-.·.,�,/:·(:;,.;::.:,:.-; .. / �:z::/.�,�·. :,,.;�;�-.···::':-it�(;:. ji.;

. . .. � · ... · ·.t ·.:· .. :· .. ·. �- .,· '; ., ... ·. � . . •• :< :: ·.'�· ..... :�:::. � -, ��?:l��'i�·;.:!7.-'"-;�:-·i�·,\;·��tt·:$)�(�:»!{ir.·:t�,�-�lY ��-t-:.,..-. (�? Expo�e�t1al 'signal. .(�11� Impr!��- �,\��J.:�!'. · ::.- . -�t,\f ;{if?,1/ff&}�"'t}:)j�f,-."/
(ii) Step .signal. {iv) · Ramp;s1wah�. · .. : . :_: . · >-·t>,· .: '·: ··::·:-:·.:''/<f.··t�:t, ,./,:

�j The input-outpufrelati6n·is· given. by· )' Ct j =. ti; (t) 
.1.:�ete�mij��-�;·iiH�;sysi��--�� ... ;i��:��-�/.·.: (�6�)- :· ..

I t 
I• 

. 
I 1 '. 

· {;{:j};{:�f�ij;ti&J;1s1 .. i;M;;;;g;�f�tt
-Fig: 2(a) .: Fig. l(b) 

'•f -: ... ', ; ..... �.{;·\,�:- 
•

a) . Find x:(3t + 2) and x(.:. + 2) for the given signal .x(t) shown in above P�g'. 2(a). ''li'or .
3 · . · · . . . . · . .. ,·:· r , ,.· · ·. . ,. ,' \: . 

b) What do you mean by,·con�o1ution :frit�gia11.;£et:ic.r:fbf:���:ii1P:�i:\;;:��ri:fr}::ii�fJ�-- �ith:��n:it t12) . . . . . ·,·,. '· . <\,.: :·� : \ h�. ·- 
··.- e :!\��t;.:'/··. :.-:·. ·.: · .: \ · ... ,-·:,:�\";"-··r:··i;·� :·-:�: .,.�·:/�-: -, \�· -. :\\�: . - ... · . . .. ·.. . 1mpulse-response:Ji(t);>where;·,.'x(t L�-:e:,:,1.,u(tJ�/a >.:.O .:·,�ali<:l'?h(-t}t�;:u(t);�·f\1ci}.:, ·:r:: .'· -, .. ·- ·-:::. :>·;-:::\�.;:·:.. . : _ · · .. · \·.: · ...... ·.--·� . : .: .- .: : : �:·:. >: .'; • -, �:�s,��:._:;" :�-�· :)/ J�,:/.�::.'_ :;: ·.,>;;;f�:'t;J�\��t:1�:r;�::irr�, .. Jf��;r..-'···(I -..: .:1:i��:::z.t�i�:�,��=:. f.,t ·, � .... 

· !Fmd the',output,y(t9:of:LTl:system. �'- .··<:, '.'.·,:".<:.;;,; .···.,--W-',"t:-;�;;.{ftf:'�\;1:;:.;;�,�f�.r:;��;"�f..: ,.r,fl�fWi:-�·-1�\, 

. · · · :· ·, · ·: · . .-,.._ · :.· .: ··· =-._;.·:. ::·:·::,/\t)·. ?>:r?_</ ??(··.?t�Vtti:?!i%·It�fr.�,,;.-,.:-,}:WJ:1J;f(t. 
c) What IS �ou'r1er transform? Determine the,�ouper_.trahsf6;rm,or���fgnc1l:: 'i ·-::�<f�);?:(F·:�r;i:;?5�\-(git�N

x(t) = e-:atsinw0t.u(t) _·. · · · ... _ ·· · ·,.,.�·· ·-::\.:-<:··',::,'

2. 

3. a) 

b)• 

c) 

. . . . 

What do you mean by continuous-time Fourier series? Determine the Fourier series.coefficients (16) 
(exponential repre·sentatidii.)-of.the.signa(s�owri .inFig: ·3(�}./.. . .. ", ·:: ; , ... , . - .. ··., .. . : �-·' ·" .. >· , -. -:... . 

• A • • ' • I • 'i' ':: : '•,: • ... :•, 
:�·�·�'\0

';)i'.,f)�.:�{;;\; . .,;"::';:?.��,J�{,j!�.:,';o��:,,.\\?�·��)};�·?,ff)', �·':!i_//
r · • · • ,-. · · •••.. :,\•,,,,\"·� ,:

1.({vE?�:��t1:K(il ��.r�1\�t��,{f.Jlt��1rf:t/� \���

-��-' . . x(t: ;::::�":'�· .. ',::���'�;f}:;�;f;�,:�;'.Y:,�,,,/1�
o 2rr ·4rr 2rr 

. ,. 3 3 . · . .' ·. ,· . ···.,, . .. .' ,, . . � .'.,:�.�···· ,·,:. 
. . ·F1g.\-3(a),: .. . . . _F)g,,4(b);.;RCtc1r�'41t.W1th:-RC::=:= .. O.Q;s,,-:::'·;'. .. :;·•,,}�%/\

· · ( ·. . . ', · · �- · --� .-_. ·. ·::,· .< · .��;: . , · · .. ;. ·. ::· .. '. ·�r;:-�:\-1·:-.<::ti\.!� :·).r:·� .. ;::}(1If.t1)!;�.�(,����-;tt�;�t�·· . .};1\·1·Z����·i�:�:\·\·.�t.:�J��,�2:���;:yfif };.;£�;iijlt4Detenti:ine the :-Laplac<ffransforrri'- of::x-(t};�;:"{�'.��u_(t).i,and\·ioepictr:tlie:ROCta·nd'r:the/lO:cationsrof.f�f ;JO \ 
· · - · · �·, . :. · ;" · · · � -;:; ·--:.�J· '; < ._: .. · >·: .... � t�-: /�·t ����) ·{ :��? :�·ti/-·:° )_-�!�.��./�,t�:h;�'.l:�. ��!-;:;:.�·;;r;�/:->-.: ·'..�1 ··��A-1i}l� �$:.ti·pf·�: ':)':.;t::t�;.:;./ 

·poles·and·,zeros·-in:ilie,s�plane'.rKssume··,tnat:-a)1s;ieal·.·:-,=:_:,,i:·,;;Jt1Y,1,·�ti1�J�¥-�::l;;i}')t([;·4�;·.�f-,titt.1 
• • : •• • • • • l • 

:.;· 

� • -: .. ·t. -:_:: ... ·.�:\.: ·�. �.-r::_�f.�·-:::. ·. ·. f .·.: �\. : . .:. �!:-��1t�:�:�.:.':��}:.�::i'?:�:?::;:.ft\$:��.r1:- .. ,�r}?.: ..... ;•.',., ;?,, �: i: . .!'
Find the inverse unilateral Laplace transform of. · · . . . . . ·. . .. ·. ·.' . .-�':,'(09,).:-

. X (s) = 2s3 -· 9s2 + 4s + 1,0. · . ,·. :_r.:-:)
s2...:. 3s -4· .. 

4. . a) 



c) · A system has the transfer ftmction (08�. 
· . 2. . 1 

H(s) = -3+--2 s .+ s - 
. Find the impulse response, (i) assuming that system is stable and (ii) assuming that system is· 

causal. Can this system be both stable and causal? . . � . � : 

d) Find a differentfal-equation'description of thesystems describedby the following.transfer · 
functions: · . · . . .. . . · ., · .. 

s2 - 2 (ii) .. ( ) 2(s + 1)(� -1) 
(I): H(s) = · 11 H s = ---'--- · -- s3 - 3s + 1 · s(s + 2)(s + 1) 

., (06) 

Section B 
(Answer ANY THREE questions from _this section in Script B) 

5. a) An LTI system has impulse response h[n] == {O,i, 5, 9;3{What will be-the output of thesystem -· (10) 
when excitation x[n] = {1, f' 0, 8). · · t · . . .: . . , · ·. ·. 

b) Check whether the following system is linear, time invariant and LSI? Also find its impulse (09) 
response: y[n] = nx[n] + x[2 - n] · 

c) Determine whether the following LSI system has memory, causality and stability from its impulse. ·Cl 0) 
respo�se h[n] = (-1/�ru[�] + znu[l -·nf . . . . . . . . ,- 

d) Show that impulse response of a discrete time L TT system is the first difference of its step (06) 
response. 

6. a) State Nyquist-Shanon Sampling theorem. Give a detail mathematical analysis for the theorem: (15) 

b) Is it possible to reconstruct a continuous time signal from its samples taken at uniform time, (13) . 
interval? Briefly explain reconstruction process and the.difficulties associated with it. . . 

c) What is aliasing effect? What is meant by discrete-time processing of continuous-time signals? . '(07) 

7. a) The following facts about a sequence x[n] are give!l: (10) 
(i) x[n] is periodic with period N = 8. 10 

.1 . (iii): �)-l)"x(n)�l.';.and. 
(ii) Lx[nJ =3; ,11c) 

n=O . (iv) ·x[n] has the miriimum·poy.rer per period;.:. 

Determine the sequence x [ n]. 

b) An LTI system with impulse response h[n] ·= (o.sru[n]; what will be the output of the system (12) 
when excitation x[n] = cos(2irn)? [Use Fourier analysis techniques]. N . 

., 

c) How can you use an existing low passfilter as a high pass filter? Justify it using multiplication (13) 
property of Fourier transform. 

8 .. a) Briefly explain the advantages of using z-transform instead of DT Fourier transform. 

b) An L TI system is characterized by system function 
3 - 4z-1 

H.(z) = 1 � 3.Sz-:-1 +-1.Sz-2: 

Specify the ROC of theH(i-) and determine.h[n] for the following conditions: · 
(i) Stable system, (ii) Causal system and(iii) Anticausal system 

c) Determine the system function for the causal LTI system with difference equation, 
1 1 

y[n] -2y[n - 1] + 4y[n - 2] = x[n] 

Also using z-transforms, determine y[n] if x[nJ = Gf utnJ. 

d) Determine first three terms of x [ n] from the transfer function: 
1 

X(z) = 1 - 1.sz-1 + 0.sz-2 ; Roe: [z] > 1 
Using power series expansion method. 

Page 2 of 2 

. (05) 

(12) 

(13) 

(05) 



. · Khulna Uni ':'�r.sity of�ngih�e�ihg'� 8(:Tec�?lci'gY';;/�)·:{·/.B: Sc.Engineering 2°a_. Year:2"d Tem1 Examiriatiqrt·,.-2017. ·,
Department o_fBi�medicai-Er1girieeri�g:'( . . 

BME-2201 
Human Physiology 
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N. B. i) Answer 'ANY THREE: questions from. each: section 'in· separate'·:scnpts':-.'. ·,:
ii) Figures in the rightmargin indicate full marks. , . . . . 

1. 

. Sectio·n .A:· 
-- (A��vier'ANY-THREE.questions fromthis section in Script A) . - .·: i·

·· -· -· ·· -- · · -·, .. : _:· ·:"_ _- =; ; ·.-r.ii-�t1.\·;;,.:-,_.- :/.,���· .> ·:.::-.'·/,://
a) Enumerate the . physiological · 'importance · .of endoplasmic _:· . .reiitiilum;·:.:= i!�6s'drrte:'(:�a i)(l.Sf

mitochondria. . ·:.::,;,/·-,".

b) Describe briefly-about diffusion. 

c) Discuss the pathway of taste sensation from tongue to cerebral cortex. 

_· (1:0)--.. ' ,•;
:.,. • , ·• .·. . 

(10)°'

2. . . .. . . . . : .. · ·, ;, · \.�·.:_:_j
Suppose, you are working on alab that dealswith the origin oflife. Suddenfy, yoirYe2ehre a::\(Hl)

• ·., • , .: .. l'.-'::: .···.1,,.:,_·· .. ·�
bacterial cell. How could you differentiate the bacterial cell from :hum"an·c_eH? · · 

· b) Define reflex ate: Draw 'and· Iabelthe reflex arc: (I 0_) 

c) . What is haemophillia? Why itis rare infemale, explain ii. ;l,i?r
d) Write a short note on Na+ K+ pwnp. "(05)'.'

a) 

3. a) Draw and label atypical cell membrane. Explain the functions of the cell membranein details. _ :(10):·

b) What is receptor? Write down the functional classificati�n_. of ;ec��t-�·;;- ·: . ; <. ;:,._. :>: ,·' · -". '. ·.:+:-i1 ri);
c) · What is blood? Give the composition of blood. Enumerate the functions of blood.. . ,, :·· {lO(

4. 

d) Write short notes on: 

(i) Neutrophil. · 

Wh::i:s me::r::i�ot

a) 

b) Show the pathway of direct and indirect Light reflex. (10) 

c) Write do= the pathway of smell. , ·- .', ;. . . : , \ 
}: ;_::, /('.\!q

d) Explain how lipid soluble and water soluble substances passing through a membrane. (05) 
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( Answer ANY· THREE questions .from this isect1on. ·�-� c p  (l H . . . . . .. . 

s. 

.bf. 

c) 

{i) .. 
•' .· 

".,d),. '\V�te:sho�_'�ot.efqn: :. . 

7. �> Write down the four systems used .for Elimination in·human.·hody.,D�scr�beJ_he,�n�ch�ism.-.· ·tlS) . . - . . . . . .·. 

of Urine formation vAth:. n�t, sketch. 

_Discuss the Renal Regulation ofblood pr�ssure . 
. :' 

c) 

; st··· 


