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BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
-L-4/T-2 B. Sc. Engineering Exammatlons 2010-2011
-Sub: EEE 459 (Optoelectronics) "

Full Marks 210 Time : 3 Hours
The figures in the margin mdxcate full marks.
USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A
There are FOUR questions in this SCCUOD Answer any THREE
All the symbols have their usual meanings.

1. (a) Draw E-k diagram of Si and GaAs semiconductors and compare their optoelectronic

properties ‘obtained from E-k diagram. Why II-V compounds are very importaht in

~ optoelectronic applications? _
- (b) Distinguish between 'Characteristic' and 'non-characteristic' luminescence. Explain

possible mechanism for electroluminescence emission involving avalanche process.

(2) Show a schematic of a DH stripe contact ELED deéigned to emit at 1.55 pm and

indicate semiconduct'ors used in different layers. What will be the effect on the LED

- output characteristics if the semiconductors used in confining and claddihg layers are
- interchanged during fabrication'process by mistake? How principle of operation of up-

converter is different to that of white light LED?

- (b) For a particular AlGaAs LED emitting at 825 nm it is found that t,= 50 ns and

Thr - 100 ns. Calculate
(i) the cut-off frequency of the LED
- (i) the internal opﬁcal- power gehefated at a - current | of 100 mA.
What. is the composition of the AlGaAs in the LED if the. bandgap of the ternary

| alloys Al,Ga;.xAs follows the empirical expression,

Eg(eV) = 1.424 + 1.266x + 0.266x°.

(a) Draw absorption and luminescence spectra of GaAS and doped GaP. Discuss how

absorption coefficient of direct /indirect semiconductors play'_s' an important role to the
~-external efficiency _of the LED emission characteristics. What will be the linewidth in the

output spectrum of a GaAs LED at room temperature if the width of the relative light

intensity vs, photon energy spéctrum of the LED is typically around ~ 3kgT?

(b) Dlstlngulsh between e-wave and o-wave. For Pocket’s intensity modulator prove that

the intensity of the detected bean,

c1=1, sinr(Z2
0 2V
2y

-where the symbols have their usual meanings.
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4 (a) What is transparency current ? How model purity of a laser can be achieved? Dlscuss
| both device deS1gn and material considerations. Estimate the wavelength if stlmulated
- and spontaneous emission rates are equal at room temperature. - (20)
(b) A GaAs laser operating at a wavelength of 850 nm has ‘a cavity length of 300 um.
Estlmate the threshold current density for the followmg glven data . @ 5)
" transition linewidth = 1.5 X 1013 Hz, ' o | |
loss coefficient = 3.5 x 10°m
refractive index = 3.6
thickness of mo‘de volume =2 pm

and internal quantum efficiency =1.

SECTION -B R
There are FOUR questions in this Section. Answer any THREE

5. (a) Which structure among p+- norp - .n+ 1s chosen for LEDs? Explain with appropriate
" diagrams. o : g o . N (12)
(b) The total light output power from a particular AlGaAs red LED is 2.5 mW, when the

current is 50 mA and the voltage is 1.6 V. Calculate its external cenveijsion efﬁciency. (10)
* (c) Explain the physical origin of spectral broadenin@h LEDs. ' . (13)
6. (2) A photodiode has the following characteristics. . : ' (15)

Amps- 42mA, 48mA, S1mA, 54mA, 57mA - 45mA
Lambda- 1800nm, 1850nm, 1900nm,  1950nm, 2000nm, 2050 nm,

Amps- 2.7 mA
Lambda- 2100 nm

Draw the responsivity curve and find out the cut-off wavelength. Incident power is 6mw.

(b) Explain, with appropriate diagrams, the operation of a photo transistor. _ ' (10)
. (c) Briefly explain the physical origin of gain in a photeconductor. - (10)
- 7. (a) The fill-factor of a solar-cell @gwen by: ' (20)
| », ) | P
FF =2ec (Vo +0.72) , where v, =— Voc is .the normalized open-circuit

Ve 2 nkT/q
vol_tage. Themax_imum power output from a solar-cell is P = FF.I;C.VOC Taking

oc =0.58 V, I =35 mA/cm? [ for n =1 at room temperature.],
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Contd ... Q. No. 7(a)

~ Plot the pcwer available per unit area of a solar cell from — 40°C to + 40°C in steps of

20°C. Make use of the fempefature dependence of

- "N E AN
Vb’c = Voc(zf)+_g[l.—%)'
q ‘

(b) Why the overall efficiency of silicon solar cell is limited to 21%? .Howv does

heterojunction material help solar absorption, and hence improve solar cell efficiencies?

What are the prospects for organic solar cells?

. 8.(a A single QW laser has an ultrathin active InGaAs layer of bandgap 0.70 eV and

thickness 10 nm between two léyers of InAlAs which has a bandgap of 1.45 eV.

‘Effective mass of conduction electrons in InGaAs is about 0.04 m, and that of holes is

- 0.44 me. Calc;ilate the first and second electron energy levels above Ec and the first hole

- energy below E, in the QW. What is the lasing emission wave length for thisv QW laser?

..How would this emiseiori wavelength .change, if the QW thicknees were doubled, or
halved? | | |

| (b 'Explain, in brief, the operation and applidations of VCSELs.

: .(15) |

22)
a3)



=
L-4fT Z/EEE _ ' ’ ' Date : 18/12/2012
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
L-4/T-2 B. Sc. Engineering Examinations 2010-2011
Sub: EEE 459 (Optoelectronlcs)

Full Marks : 210 ' Time : 3 Hours
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A
There are FOUR questions in this Section. Answer any THREE.
Al the symbols have their usual meanings.

1. (a) Draw E-k diagram of Si and GaAs vsemiconductors and compare their optoelectronic
properties obtained from E-k diagram. Why III-V compounds are very. important in
optoelectronic apphcatlons‘7 , 7 ' : , : (20)

., (b) Distinguish between 'Characteristic' and 'non-characteristic' luminosoence. .Explain |

~ possible mechanism for electroluminescence emission involving avalanche process. (15)

2. (a) Show a schematic of a DH stripe contact ELED designed to emit at 1.55 um and
indicate semiconductors used in different layers. What will be the effect on the LED
output characteristics if the semiconductors used in conﬁning and cladding layers are
interchanged during fabrication process by mistake? How principle of operation of up-

- converter is differen’; to that of white light LED? - 20)
(b) For a particular AlGaAs LED emitting at 825 nm it is found that 1= 50 ns and

Tor = 100 ns. Calculate , ' | | | . 135)
(1) the cut-off frequency of the LED _ _ ,
. (it) the internal optical power generated at a current of 100 mA.
What is the composition of the AlGaAs i in the LED if the bandgap of the ternary
alloys Aleal xAs follows the empmcal expressmn

g(eV) =1.424 + 1.266x + 0.266x>.

3. (a) Draw absorpfion and luminescence spectra of GaAS and doped GaP. Discuss how
~absorption coefficient of direct /indirect semiconductors plays an important role to the .

~ external éfﬁciency of the LED emission characferistics‘ What will be the linewidth in the

-output spectrum of a GaAs LED at room temperature if the width of the relative light
intensity vs. photon energy spectrum of the LED is typically around ~ 3kgT? (20)

(b) Dlstmgulsh between e-wave and o-wave. For Pocket's intensity modulator prove that
the 1nten81ty of the detected bean o | . L asy
I=1, ,Sinzv(—g—«l;l-;—)'
2

 where the symbols have their usual meanings.
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4. (a) What is transparency current ? How model purlty of a laser can be achieved? Discuss
‘both device design and matenal cons1derat10ns Estimate the wavelength if stlmulated
: 'and spontaneous emission rates are equal at room temperature
" (b) A GaAs laser operating at a wavelength of 850 nm has a cavity length of 300 pm
Estlmate the threshold current density for the followmg glven data:
transition linewidth = 1.5 X 10" Hz, ' ‘
loss coefficient = 3.5 X 10°m™
refractive index = 3.6
thickness of mode volume =2 pm |

and internal quantum efficiency = 1.

o SECTION - B |
“There are FOUR questions in this Section. Answer any THREE.

5. (a) Which structure among p-norp- n* is chosen for LEDs? EXplain with appropriate

- diagrams.

.(b) The total light output poWer from a particular AlGaAs red LED is 2.5 mW, when the

- current is 50 mA and the voltage is 1.6 V. Calculate its external conversion efficiency.
L (c) Explam the physxcal origin of spectral broademng@ LED:s.
. i
6. (@ A phot_odiode has the following characteristics.
Amps- 42mA, 48mA,  S5.1mA, 54mA, 57mA 4.5 mA
' _Lambda- 1800 nm, 1850 nm, 1900nm, 1950 nm, 2000 nm, 2050 nm,

Amps- 2.7 mA
Lambda- 2100 nm
Draw the respons1v1ty curve and find out the cut-off wavelength. Inmdent power is 6mW

(b) Explain, with appropriate diagrams, the operation of a photo transistor.

(e) Bfieﬂy explain the physical origin of gainina photoconductor.

2
7. (a) The ﬁll factor of a solar-¢ ell@ngen by:
FF =Joe = In(vee +0.72) , where v, = Voc_ is the normalized open-circuit
Veet2 nkT / q :

voltage The maximum power output from a solar-cell isP= FF Isc.Voc Taking |

- Vee=0.58V,1c =35 mA/em?® [ forn=1 at room temperature.},

20)

- (19)

(12)

a0y
- a3)

13)

10

(10)

20)
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Plot the power: available per unit aréa of a solar cell from — 40°C to + 40°C in vste.ps of

i
w
i

- 20°C. Make use of the temperatur_é dependence of

’ ' E ’
v =Vw(§]+__€[l-§_)-
q .

-(b) Why the overall efficiency of silicon solér cell 1s limited to 21%? How doe$

- heterojunction material help solar absorption, and hence improve solar cell efficiencies?

: What.are the prospects for organic solar cells? - o as)

8. (a) A single QW lasér has an ultrathin active InGaAs .layér of bandgap 0.70 eV and
thickness 10 nm between two layers'_of 1nAlAs_ which has a bandgap of 1.45 eV.
Effective mass of conductic‘)n.électrons in InGaAs is about 0.04 me"énd that‘of holes i:_s,v |
_ 0.44 me. Calculate the first and second el_t:ctron energy level's. abox}e E. and the first hole
energy below E, in the QW. What is the lasing emission wave length vfor this QW laser?
-How would this emission wavelength change, if the QW thickhess Weré doubléd, or
halved? | o o | (22)
~ (b) Explain, in brief, the operation and applications of VCSELs_. ‘ o | . 13) -
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A
There are FOUR questions in this Section. Answer any THREE.
All the symbols have their usual meanings.

1. (a) Show that the variance of a random variable, X, is given by, V(x) =E(x%) - {E(x)}z.
(b) Two power systems, X and 'Y, are connected through a tie line of capacity 10 MW.

The generatmn and load data of the two systerns are shown below
ben arm/fﬁr

System | Generation ID | Capacity (MW) | FOR | Peak load (MW)
- - G 10 0.2
X - 15
, G 30 T o1 |
Gs 15 0.1
Y 20
Gs T2s 0.3

Using recursi?e algorithm, determine LOLPx, LOLPy, LOLPxyy, LOLPyx, LOLPg.

2. @A poWer system has four generators with the capacities of 100 MW, 200 MW, 300
MW and 400 MW. The FORs of the units are 0.1, 0.2, 0.1 and 0.3, respéctiv_ely. The
sysfem has three load levels of S0 MW, 150 MW and 200 MW With equal probability of
occurrence. Using system cumulants, determine. the value of normalized random variable,
N@. | | -
(b) A power system has two generators with the cépacities of 200 MW and 300 MW. The
FORs of the units are-0.02 and 0.03, respectively. The system has two. load levels of
250 MW and 300 MW with equal probability of occurrence. Now a new generating unit
with the capacity of 400 MW and a FOR of 0.04 is added to the system. Calculate the

L.CC of the new unit.

.3, (a) In a large system, the average number of cable faults per year per 200 km length of

cable is 0.4. Consider a specified piece of cable with 20 km length. Evaluate the '

- probabilities of 0, 1, 2, and 3 faults occurring in 30 years period.

(b) Two power systems, X and Y, are inter-connected through a tie line with capacity of -

10 MW Generator data and load data of the two systems are given below.

Generator data:

5)

(O

(20)

(15)

(10)

(25)
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| Contd ... Q. No. 3(b)

" Load data:

.

m Load (MW) Probability of occurrence
" R D

25

USing segmehta_tion method, determine LOLPx, LOLPy, LOLPxivs LOLPyix and LoLPg.
. : ’ %IY,

(a) Deri\?e the general expressions of expected value and standard deviation of binomial _
distribution.’ o | | (13) .
(b) A power systemr plénner proposes a plan consisting two generating units of capacities
30 MW and 40 MW with FORs of 10% .and 20%, respectively. The forecasted Peak

demand (L) is Gaussian in nature with the following impulse equation:

P(L) = 0.3 &(L - 30) + 0.4 & (L - 50) + 0.3 & (L — 70), where p(L) = probability of

occurrence of L. Evaluate LOLP of the proposed system. - | 20

SECTION - B
There are FOUR questions in this Section. Answer any THREE.

. (a) A power system has the following generator and load model.  (30)

Generator model:

Capacity (MW)
200

Gy

Load model:

Probability of Occurrence‘i\
02

Using recursive technique, determine LOLP of the system.

- (b) Compare the segmentation method with cumulant method. ' ‘ 5)
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. (a) A power system has three generators and only three load levels as given below
Generator Model
Generator ID ~ Capacity MW) FoR ‘l
G | | 200 0.05.
G, 1 300 0.04
Gs ; B 500 ' B - 0.03
~ Load model:
Load (MW) Probability of Occurrence
300 B Py
400 0.4
l— 1000 . . P2>

The LOLP of the systerrl is 3.6024%. Deterrnine the »value of P, and P,. Use state

_enumeration technique to solve the problem

'(b) A power system has two generators with the capacities of 20 MW and 30 MW. The

FORs of the units are 0.2 and 0.3 respectively. The load duration curve (LDC) of the

system is constructed for the period of 50 hours where load is constant at 40 MW for the

whole period. Determine LOEP of the system.

. (a) For a Poison distribution, determme (i) the probability of failure occurring zero times

in an mterval (ii) the probab111ty of failure occurring 'x' times in an interval.

' (b) Derive the general expressron. of expected value and standard dev1at10n of Poisson

distribution.

. (a) A power system has three‘generators with capacities of 10 MW, 10 MW and 25 MW.

The FORs of the units are 0.2, 0.3 and 0.1, respectwely The system has three load levels
of 15 MV, 20 MW and 25 MW -‘with equal probabllrty of occurrence. Determine LOLP

using segmentation method.

(b) What are the benefits of interconnection in power systems?

------------------------------------------

(20)

(15)

as)

an

(30)
(5)
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USE SEPARATE SCRIPTS FOR EACH SECTION
| SECTION —A
There are FOUR questions in this Section. Answer any THREE.

1 (a) In constant voltage scaling of MOS transistor the length, width and gate oxide
 thickness are scaled with 1/ and the substrate doping i is scaled with S, where S>1 is the .
scaling factor. Show that the 1ntr1ns1c gate delay decreases as-1/S%, and dynamic power ’
d1551pat10n 1ncreases as S in such scalmg
(b) Assume a large size inverter in a 1 pm CMOS technology has Wn 12 pm,
W, =36 pm, L, = Lp=1 pm, toox = 40 nm and Cint = 2 pF/cm. Calculate the wire length
for which the 1nterconnectron capacitance becomes comparable to gate capacrtance
Given g5 = = 0.35 pF/cm The symbols have their usual significance.
(c) Consider 2 3 mm long 0.32 pm W1de metal2 wire in a 180 nm process The sheet
resistance is 0.05 /0 and capacitance is 0.2 fF/um. Construct 72 model of the wire. A
10X unit srzed 1nverter drive a 2X unit size inverter at the end of the wire. The gate
~ capacitance is C., =2 fF/pm and effective on resrstance is R = 2.5 KQ. pm for NMOS.
For unit sized mverter NMOS w1dth is 4A = 0 36 pm and PMOS width is 8\ =0.72 um

wrde Estlmate propagatron delay using Elmore delay model All symbols have thelr

- usual 31gn1ﬁcance

2. (a) Show the cross-sectlon of a CMOS inverter in a twin-well sub—mrcron CMOS process
clearly indicating the (1) Lightly doped draln (LDD) implant, (i) Side-wall spacer, (111).
Shallow trench 1solat1on and (iv) vial connecting metal and metal2. Explain the necess1ty :
of each of the above steps in a sub-micron CMOS process.

- (b) Describe three major sources of variations of device performance in a CMOS process

What type of distribution does each of these variations have? Explain how their

combined effects are modeled using the design COTners.
(c) A digital system ina 1.2 V 100 nm process has 200 million transrstors of which 20
: ’mllhon are in logic gates and the remainders are in memory arrays. The average logic
transistor width is 12-A ‘and the average memory transistor width i is 4 ) . The process has
high threshold (hzgh V;) and low threshold (low-V)) transistors. “The high-V, adfpm
| transistors  uses thicker gate oxide. The Subthrershold leakage for OFF devrces is
A 20 nA/;,tm for low-V, devices and 0.02 nA/pm for  high-V, devrces._'

(12)

©)

a7

1

®)
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Contd ... Q. No. 2(c) R NP RES S s _
- Gate leakage is 3 nA/ttm for low-V; and 0.002 nA/um for high-V¢ devices. Memories
used high-V. devices everywhere. Logic uses high-V, devices in all but 20% of the paths

that are most critical for performance
Diode leakage is neghglble Estimate the statlc power consumption. How could the
power consumption change if the high-Vi devices were not avallable? Note that all

devices exhibit gat'e leakage and the OFF devices contribute to subthreshold leakage.

Make necessary assumptlons Symbols have thelr usual signiﬁcance. o _ (14)

3. (@) Define logical effort electrlcal effort and fan out of a gate. A n-_in'pﬁt NAND gate

drive an identical NAND gate. Determine the propagation delay of the gate using linear

| delay model. For simplicity in calculatlon you may neglect the effect of internal nodes
i.e. count only diffusion capacxtance on the output node. | (12)

(b) A control unit generates a signal from a umt-51zed inverter. The signal must drive unit

sized loads in each bit-slice of a 64-bit datapath The designer can add inverters t0 buffer

the 51gnal to drive the large load. Assummg polarity of the. sxgnal does not matter show
the best number of inverters to add and the delay that can be achieved. (13)

(©) What are the advantage of cascade voltage sw1tch logic (CVSL) over static CMOS

circuits. Show the circuit diagram of a 3- -input AND/NAND gate in CVSL and discuss on

 the static power consumption of the circuit. ‘ S ' | (10)

4. (a) Explain why two dynamic CMOS gate sharing the same clock cannot be cascaded. : ()
(b) The sum signal of a one bit fuh adder can . be expreséed as
-8 = ABiCi + Cl (A; + B + Ci 1), where symbols have their usual significance.

~ Assuming that all the input signals are available, show Domino CMOS implementation

" of the circuit with a conventional keeper. What will be the optimum size of the keeper
transistor? - a . : (%)
(c) Suppose that system A is controlled by ClkA that needs to transmlt N- b1t data words
to system B, which is controlled by CIkB. Show the design of appropriate handshake
circuitry with synchronizer to establish smooth communication between the two systems

Also show the timing diagram of your system. . : . A @15)

SECTION -B
' There are FOUR questlons in this Section. Answer any THREE.

5. (a) Sketch the partial products used by a rad1x-4 Booth-encoded multiplier to compute
144 % 1310 and show the generation of the corresponding final product. Design. a Booth
encoder usmg Xi, Xai and M; where X; is true for £ Y, Xy; is true for £ 2Y and M; is true

for negatlve partial products. Also design a selector circuit using this encoding where, X

is the multiplier and Y is the multiplicand. .~ | a7
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(b) A combmatlonal circuit is sequenced with flip-flop. Determine the maximum
allowable propagation delay of the combinational circuit in terms of clock period and

sequencing overhead. Assume 1deal clock with no skew. What will be the effect of the

clock skew tskew ON the maximum allowable loglc delay?

- (© Desrgn a robust static latch such that it swings rail to rail and the state noise is isolated

from output noise. The mput should drive MOS gate terminal not the diffusion terminal. -

4
1

. (a) You have to design a control circuit which will swap the contents of two registers R1

- and R2, when the control signal W goes to high. You can use another register R3 to

temporarily hold the value of one of the register whose value will be swapped. Draw the

'Algorrthmrc state Machine (ASM) chart of the Mealy type Finite State Machme (FSM), -

the state a551gned table and the c1rcu1t diagram of the controller.

~(b) A FSM has one mput (W), one output (z) and it works on the positive edge of a clock |

signal. The output z is equal to 1 if during two 1mmed1ately preceding clock cycles the

input W was equal to 1. Otherwise the value of z is equal to 0. Draw the state dragram

the state table using ONE HOT ENCODING ad’ derive the circuit of the FSM.
_ Cm

. (@ Cons1der a TWO StateCMOS operat1onal ampltﬁer (op-amp). Gmy, R, C; and Gmy,

'Ry, C; are the ‘transconductance,-output resistance and output capacrtance of the 1st and

2nd stage respectrvely, Cis the compensatlng capacitor connectmg the output of the st

and 2nd stage. Fmd the dc gain, the poles and zero of the circuit.

' _"(b) In a 2- stage CMOS op-amp, the transconductance of both the stages is 40 mA/V.

Output capac1tance of the first and second stages _are ¢; = 100" pF and C; = 5 pF
respectively and the output resistances are R; = 10 kQ and Ry = 15 kQ respectiVely.

Calculate the locations of the ﬁrst pole and the second pole. If the first pole is to be

moved ten times to its present locatlon, calculate the value of the compensatmg capacrtor

' required in the feedback path between the output of the 1st and 2nd stage.

. (a) For an op-amp modeled w1th two poles and one nght -Hand (R.H.) zero, prove that if
the zero is ten times higher the Gain-Bandwidth (GB), then in order to achieve a 60° .

- phase margm, the second pole must be placed at least 2.2 times higher than GB. Make

any reasonable assumptlon

(b) Draw the schematic diagram of a b1 directional 1/O pad and explain the operatron of -

the c1rcu1t What is the usual size of the pad in a 100 nm process‘7 What precautrons are

taken against latch-up and ESD in an I/O pad?

(10)

®

- (20)

(20)

15) -

20)

@1s) |
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 Full Marks: 210 - Time : 3 Hours
USE SEPARATE SCRIPTS FOR EACH SECTION

The figures in the margin indicate full marks.

SECTION A
There are FOUR questions in this Section. Answer any THREE

- The symbols have their usual meanings.

1. (a) Show that the entropy of the n-th extension X" of a memory less source X is H(X“) =
nH(X) Con51der a memoryless source X W1th alphabet X = {a, az, a3} and associated
' probablhty distribution {P(a), P(ag) P(a3)}

= —12—;%71} The probablhtles of the elementary messages of the second extension of

the source are shown below. Compare the entr_opy of the source and its second

extension. _ R o - _ (13)

Message of X° | b1 | by | by | ba bs | b | by | be | bo

Message of X aja | ajay | aa axa; aay | 83 | a3ay | a3l a3a3
: 1 1 1 1 -1 1 1 1] 1

- P(b; : e — — — — - - | =
&) 4 | 8 |8 § |16 | 16 | 8 [16] 16

(b Explain the term prefix code with an example. | ' ' - (5
(c) Consider a random variable X taking values in the set x = {1, 2, 3, 4, 5} with
probabilities 0.25, 0.25, 0.2, 0.15, 0.15, respectively. Determine the code words for the -

symbols using Huffman algorithm. Comment on the amount of data compression

~ achieved. o o o . (19

2. '(a) Establish the decision rule : _ ' - ' (20)
I, ‘ ’

(’l —.Sll)z +(r2 _SIZ)Z %(’l “S21)2 +(r2 _522)2

0p
forbbinary data transmissibn. Also, draw the block diagram of the correlation re_ceiver to
implément the decision rule and explain how the reoeivéf can be implemented using a |
" matched filter. | | _ | . V
(b) Determme the basis function for the signal set glven in Fig. for Q. 2(b). Show the

~ decision region for P = 0.25 and P, = 0.75. (15)
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3. (a) De51gn a (5, 3) block coder using the followmg mappmg o '_ ' - (10)
: ’ - Input Sequence Coded Sequence
- 000 00000 -
001 10101
010 01011
011 _ 10111
100 - 11010
101~ 10000
110 R 10100
| 111 11001 |
(b) Consider the (6, 3) linear block code described by the generator matrix given by o 15)
| 110100 .
G=l1 11010
101001
Determine an input" and output table for thxs encoder and its error detection and
» correction, capabilities. Find its parity, check ‘matrix and the syndrome table. Also, .
~ explain how this encoder corrects the error e = (000100).
(c) Explain (1) soft and hard decoding and (ii) full and lower complexity} of Viterbi
algorithm. : : - o o (10)
4. (a)Draw the signal—sp‘ace plot for the signal sets given by o (15)
S(t)., J:cos(27q’t) 0<t<T‘ i=1, 2 .8 f =k/T, le an integer.
(b) Consider a convolutional coder W1th n=3k=1%k=3 The connection
representation is given by g1 = (1 01),g=011) andgz=(111) Describe the coder
~ using a trellis diagram. Calculate df,ee for this coder. : (10)

(c) Perform set partitioning of a 16- QAM 31gnal The constellation diagram for the
signal is shown in Fig. for Q. 4(c). 3 ' o 10)
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SECTION-B
There are FOUR questions in this Section. Answer any THREE.

Question No. 5 is compulsory.

5. (a) Deﬁne d1g1ta1 communlca‘uon Write down its advantages over analog

communication. Draw the basic block diagram of digital communication system. What

(10)

is the range of frequency for satellite communication?

(b) Explain very briefly random variable, stochastlc process and random process. State

‘Bayes theorem. (15)

(©) Two statlstlcally mdependent random variables X and Y have mean values X =2

,and Y =4, respectlvely They have second moments X =2 and Y= 4, respectively.

@1o0) - |

Fmd the variance and second moment of the random variable W = 3X-Y.
6. Figure for Q. No. 6 shows a TCM Coder and constellation dlagram for 8-PSK
modulation. If the input to the TCM decoder is [(0.7, 0) (1 2, 0) 3.3, 0) (1.2, 0)],

' determine the output of the decoder. [Use Viterbi algorithm]. (35) .
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7 '(a) What is meant by line coding? What are the desirable propertles ofa llne Code?
~(b) Draw the NRZ, RZ, Bipolar-AM], HDB3 and B8ZS waveforms for the bmary bit

“stream 1100000000110000010. Also draw the PSD of each waveforms

8. (a) Deduce the following-

P(error)=Q distance b.etween the slgnal.s)
. 2xnoise RMS value

b) Exi)lain very briefly BASK scheme and compute P(error) for this.

- (25)

135)

- (20)

a0



| - S 19 (21—
L-4T-2EEE | Date : 48/12/2012 |
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY DHAKA

L 4/T-2 B. Sc. Engineering Examinations 2010-2011
Sub : EEE 439 (Mobile Cellular Communication)

Full Marks : 210 - .Time: 3 Hours
The ﬁgures in the margin indicate full marks.
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; SECTION - A
There are FOUR questions in this Section. Answer any THREE.

1. (a) Consider a cellular syste_m in which there are a total of 312 channels available 'fof '

handling traffic. Suppose the area of .a cell is 3 km?and the area of the entire system is

900 km?. The cluster size of the system is taken to be 7 and the path loss exponent of the .

medium is found to be . - B : v (18)
) Cal_culate (.a) system capacity and (b) worst case signal to interference ratio under |
hexagenal cellular system modeling. considering only . the nearest co-channel .

) mterference | , |

(u) Solve (i) if cluster size is 9 instead of 7 and commient on the results. |

(b) When is the cell splitting- necessary in a cellular system'7 Show that cell splitting

increases the system capacity n’ times and reduces the total power. consump‘uon n"?

 times where 7] is the path loss exponent of the medium and n is the ratio of the radii of

cells before and after cell splitting. o . o 17)

2. Assume that a cellular system is modeled by square cells. The rule for finding the nearest

co-channel cells: move i cells along the dlagonals in both directions. The radlus of each
square, i.e., the distance between the centre and vertex is R. Show that A | 35)
@) the cluster size, N = 2i2 v | , o
- (ii) the distance between the centres of two co- channel cells, D= «/5_]\7 R.

- (iii) Worst case signal to interference ratio con31dermg‘1nterference only from the
, ‘ 1 ) '
nearest co-channel cells, -f—‘z Z(\/ 2N y where 7 is the path loss exponent of the

medium. _
(iv) Compare hexagonal cell modeling and square cell modelmg on the followmg |
aspects. ‘
(a) The number of base transceiver systems (BTSs) requlred to cover system area.
if R remains the same. v ‘
‘(b) the frequency reuse ratio and worst case s1gnal to interference ratio if cluster

" size remains the same.
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3. (a) Write down the comparative advantages and disadvantages between signal strength
and signal to interference ratio based handoff techniques. | (6)
(b) Show that the droppmg call rate for interference limited cellular system can be
approxrmated asR= Za { (1 u) ] where the symbols have their usual meamngs (12)
n=1
(c) Assume that a two- -cell cellular system uses delaying a hand off, i.e., two-handoff
level algorithm. The two received signal strength (RSS) levels are - 60 dBm and - 70
‘dBm. The locations of the base transceiver systems BTS, and BTS; of the cells are 0, 0)
and (1000,0), respectively. The initial position of a mobile station (MS) is (100,0) at time
t = 0 which is connected to BTS, and is moving toward the BTS, thh a constant speed. of
10 m/s. Assume, log-normal path loss model with path loss exponent of 3 and far field
Cross over distance of 1 m. Determine (i) When handoff will be initiated? (i1) When
handoff will occur? (111) How many times the handoff requests need to be sent? Assume

‘that the BTSs and the MS .transmrt srgnals with a power of 64 mW. The antenna gain is
assumed to be 0 dB. : | B (17)

4. (a) Show that the diversity gain for M branches selection diversity technique is ¢ )
_ i 1
(b) Assume that a communication system is using maximal ratio combining diversity
technique with two branches Before amplification, the average signal to noise ratio

(SNR) at each branch is found to be 12 dB. The required SNR for the system is 9.6 dB.
Determine the (i) SNR, (ii) dlversrty gain and (ii1) outrage probability of the system.

What will be the outrage probability if any diversity technique is not used? .‘(1 8)

. » SECTION-B
There are FOUR questions in this Section. Answer any THREE.

5. (a) Briefly describe the factors affectmg the small scale fading. Determine the fading
| characteristics of channel considering LOS scattering. _ ' (15)
(b) State the log-dlstance path loss model for real environment including ‘shadowing |
effect Find the cell coverage con51der1ng this path loss model without shadowing for the

condition that, at the cell boundary the path loss will not be 6 dB larger than that at the
reference dlstance of 1 km. (consider free space environment) : . (10)

(c) Explam the two-ray propagation model over flat plane for mobile radio envrronment (10)
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6. (a) Deﬁne frequency management and channel assignment for mob1le cellular network '
Show the spectrum allocation for AMPS system. | ' ’ 10)
(b) With proper example, explain the fixed- channel assxgnment for omnidirectional-
antenna and directional antenna cells. ’ S ®
(¢) What are the different types of antenna used for cell sites and mobile stations?

. Differentiate between . isotropic antenna and omnidiractional antenna with necessary _
figures. | B ‘ a7
Show the directional antenna arrangement for l20° sector and. 60° sector. Assume 4 cell

' pattern or 7-cell pattern for total 333 radio channels.

7. (a) Write the relative _merils and demeﬁts of multiple access techniques namely FDMA,_
TDMA and CDMA used for rnobile wireless cellular systems. Why they are called

conflict free multiple access methods? R - (12)
" (b) Describe the DS-SS CDMA system with necessary diagrams. - (14)
(©) Summarize the characteristics of DS-SS CDMA based mobile cellular system. : -9

8. (a) Draw the typlcal functional architecture of GSM cellular network.

Comment on the followmg key features of GSM technology (i) Digital modulauon
(ii) GSM channel and (iii) Channel coding. ' ‘ (15)
(b) Why interleaving is used? Explain the interleaving technique used in GSM system. -(10)

(c) Discuss the mobility management adopted in GSM system. - _ B ()
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v SECTION A _
There are FOUR questlons in this sectron Answer any THREE.

(a) Solve the following tridiagonal system using Thomas algorithm:
2 -1 0 0] [x] [40]
-1 2 -1 0} |x| |0
0 -1 2 -1 |x,| | 0
0 0 -1 2 |x] [200

(b) Perform LU factorization of the following symmetnc matrix using Cholesky

decomposmon v
[6. .15 55
A={15 55 225
55 225 9719

(c) Deﬁne norm of a matrix. Also state the convergence criterion of Gauss—Seldel

' 1terat1ve method.

(a) Perform the fol]owmg mtegratlon numerically using Gauss quadrature (two pomt
Gauss-Legendre Formula): . :

I = j xe” dx
~(b) Use Romberg integration scheme to approx1mate the followmg 1ntegral

I = Jsmxdx

Use trapezoidal rule to perform the ﬁrst step. Show five calculation steps (n=3).

(c) Explain how a double integration can be vperformed using matrix multlphcations. |

Consider that composite trapezoidal rule is used for approximating the integrals.

‘(a) Solve the followmg Neumann boundary value problem usmg finite difference -

method
94 _y0, w()=1, 4(2.5)=38

Use step size, h = 0.5. Write the answers in tabular form.

~ (b) Solve the followrng Dirichlet boundary value problem using ﬁmte element method:

o 2
-%—HO 0, $(0)=40, y(E)=200

' Use equal size elements of length 2. Write the answers in tabular form. |
| ' Contd ........ P2

an-

(14)

@

(12)

(12) |

(11)

17)

a8y
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. (@ Stalltev Gerschgorin's circle theorem. Use this theorem to estimate the position of the - .

Eigen values in the complex plane for the following matrix:

(b) Use Householder’s method to convert the following matrix in tridiagonal form:
| 2 -1 -1 | |

A=|-1 2 -1
-1 -1 2

(c) Briefly discuss the purpose of matrix triangulatization in cases of Eigen value

calculation. What requirements are enforced on the triangularization procedure?
Use power method to approximate the largest Eigen value of the following matrix:

§ 0 1
={1 120
0 26

Show three iterations.

v SECTION B
There are FOUR questions in this Sectlon Answer any THREE

- (a) Cdnsider'the following data table:

x | 10 | 13 | 16 | 19
f(x) 0.7651977 | 0.6200860 | 0.4554022 | 0.2818186

'Approx1mate the value of f(1. 5) using Newton's d1v1ded dlfference interpolation

formula If an additional data point (2 2,0 1103623) is 1ntroduced what will be the new

approximate of f (l 5)'7

(b) Perform polynormal curve fitting to generate a quadratlc equation for the. followmg _

data points:

@®)

a4

O
®

(18)

17)

x 0 1 2 |, 3 4
y 2 0 | 8 | 2 | “

(a) Use Richardson Extrapolation technique to show that an approximate' expression of

first derivative is given by: f '(x)= iD (g) —%D(h). Also show that this approximate

3

has an exror in order of _O(h4 ) ‘

(14)
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Contd. Q. No. 6

_ o
(b) Use composite trapezoidal rule to evaluate the integral; Iy dx , where x and y are the

- data points given in question 5(b). Use 4 = 1. Repeat the calculations using-composite
‘Simpson's 1/3 rule. o
-~ (c) Show that the “Newton-Raphson method for :solvingv_ nonlinear equations is

- quadratically 'converg-ent.

(a) Derive the equations for second order RK method.

(b) SolVe the following ODE from x = 0 to x'= 0.5 using fourth order RK method:

| %;f(x, y)=4e** —%j—

* Use initial condition of (0) = 2 and step size, h = 0.5.
(c) Suppose bisection method is being used to solve a nonlinear equation. The initial two

guesses are 3 and 7. If a single root exists within this range and it is required to find the

* root with absolute error limit of 1075, then calculate how many iterations are required.

. (a) SolVe the folloWing second order ini.tial value problem from x = 0 to x = 1 using

Euler's rhethod:
2 .
% +4e" =2,
The initial conditions are given as: y(O) =1, —le | =-2.Use step size, 4 =0.5.
’ - x=0 . :

() Consi»derv the following equation:

f(x)=3x+sinx~e*=0.

Find the root of the above equation using False-position method with initial guesses of 0

“and 1. Perform 5 iterations.

- (¢) Show that fixed point iteration method is linearly convergent. From the aﬁalysis,

comment on the condition of convergence.

(11}

a0

an
a3

NON

4

a2

©)
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SECTION A

There are FOUR questlons in thls section. Answer any THREE

Erlang B traffic table is attached with the question.

o

1. () Derive the first Erlang distribution for a lost-call system. From the distribution, show

that the followmg iterative relat1on is true:

o () )

" N+AE, ., (A)

(b) Consider the networks shown in Figure 1(b).> In both networks, a total of 400 users
exist and they are equally distributed among the end offices (EO). Assume that the users
are active 6% of the time. For a 2% blocking probability, calculate the number of
circuits requlred at each of the trunk lines (labeled 1 to 10). Show the answers in tabular
format. If the user activity increases to 12% and the number of circuits remain

" unchanged, what will be the new blocking probabilities of the two networks? Which

network is more immune to blocking?

T EO1 [,
——p
T Bo2 |24 TO!
—
—_—p . 8
. EO1 kU o] 6
iy ; o : EO3
\ CcO . 3 ....-——-p‘ \ " /
' 7
| — Ll E02 /2' , : Fo4 Pl
Network 1 - A . Network 2
Figure 1(b)

" Jost-calls-returning system. Perform 5 iterations. Also calculate carried traffic and

overflow traffic.

CcO

......

10

(c) What is the blocking probability of a PBX central office trunk group with 10 circuits

serv1c1ng a first-attempt offered traffic load of 7 Erlangs? Consider the system to be a

seose

a2)

16)

N
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: (a) Derive the second Erlang distribution for a queuing system. 'Also find the expression

of probablllty of delay

- (b) Consider the network shown in Figure 2(b) which employs a lost—calls-cleared

- system. A subscriber under the end-office 'P 'is trying to connect to a subscriber under

the end—ofﬁce 'S". Calculate the end-to-end blocking probability for such a case. Assume

that the traffic from P is first directed towards S. In case of the direct path bemg busy,
' the traffic is routed from P to Q to S. In case of the path from Q to S being busy, the

traffic is re-routed to the path PtoQto R to S. The end-offices Q and R have their own

 traffic sources. The offered traffic and number of c1rcu1ts at each trunk group is denoted -

in Flgure 2(b).

Ned R 4=3423E
A=169E ~——l
N ANE
g -
 N=3
o S
A=7E ——N P YT,
. Figure 2(b)

(a) Determine the condition for a three stage space division switch to be strictly non-

blocking. Derive the expression for minimum number of cross-points in such a switch.

 Also calculate the total number of inter-connecting lines required for that switch.

(b) Draw the block diagram of é Space-Time-Space (STS) switch. Derive the expression

of system complexity of a STS switch. Show detailed calculations.

(c) Show that, for a digital time division switching, the number of channels per frame

that can be switched is related to memory access time.

(a) The generator polynomial of a (7, 4) Hamming code is. g{x)=x* +x* +1. Find the

code words for all possible data words. and show the results in tabular form. Also create

- a table containing all possible error patterns (with only 1 bit error), and corresponding

syndromes Use these tables to find the correct data word when the received code word
is:

(i) 0001101, (ii) 1110011, and, (iii) 1011001.
(b) Calculate the bit rate of a T1 channel and an E1 channel.

- (c) A voice signal has a bandwidth of 4 kHz. The signal is sampled at Nyquist rate and

digitized using 8 bit PCM. The digital signal is modulated by a 120 kHz carrier (ASK
modulation scheme) and transmitted over a pair of copper wires. Find the bandwidth

requirement of the wires.

an

(18)

(14
(14)

™

@2)

G

®)
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_ SECTION B
~ There are FOUR questions in this Section. Answer any THREE

. (@ Diécuss the principle of FDMA and find the expression of the speetral efficiency of a
| FDMA cellular communication system ' |

In AMPS cellular system, the one-way system bandwidth is 12.5 MHz with channel
bandwidth of 30 KHz with guard band at each end of 20 KHz. The frequency reuse

factor is 7 and the total coverage elfea of a cluster is 20 km®. The numbe‘r'of control _

*channel is 42 and the traffic efficiency of a channel is 0.8 erlang. Determine:
" (i) - Spectral efficiency in channels/MHz-km’; '
“(ii) Spectral efficiency in Erlangs/MHz—l(mz;
(iii) No. of channels available per cell. i
(b) Distinguish between DS-CDMA and FH-CDMA using appropriate diagrams. Draw

the block diagram of a DS-CDMA transmitter and receiver and derive the expression of

camer to 1nterference plus noise ratio. Under what conditions interference may be

reduoed to zero?

(a) Define the following pararnetefs:

(i) Frequency reuse factor .
(i1) - Frequency reuse distance
(iii) Co-channel interference

~ Show that the carner to co-channel 1nterference ratio (CCIR) in a hexagonal cellular

system is gwen by CCIR =— (D/ R)’ for interference from first-tier cells.

(b) DISCUSS the methods of reducmg the CClina cellular communication system.

' (¢)In cellular communication system the minimum required CCIR is 27 dB for y = 3.5.

- Determine the requlred value of number of cells per cluster. If the cell radius is 6 km,

determine the reuse distance.

(a) Define antenna aperture and antenna gain and find their relationship. What is G/T

ratio and Noise Flgure? From the noise model of a s1mphﬁed super-heterodyne satelhte

~ receiver, find the expression of system noise temperature.

(17)

(18)

(15)

(10)

(l(l)

(15)
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(b) A Ku-band satellite éystem has the fpllovﬁng specifications: . . = . - (20)
194 Earth Station parameters: |

‘Antenna diaméter =6m
Antenna aperture efﬁc1ency 0.65 |
Minimum Requlred C/N in Ku-band transponder =30 dB
| ) _stc uplink loss'= 0.5 dB _ '
- Location: -3 dB contour of satellite recelvmg antenna.
RX Earth Station parameters:
- Receiver IF noise. bandw1dth 43 MHz
Antenna gain =20 dB
Antenna noise temperature = 30 deg. K
LNA noise temperature = 120 deg. K
' Requii’éd overal C/N=18dB"
‘Misc. downlink loss =2.0 dB

Satellite Parameters:

Antenna gain = 30 dB _

}Receive system noisé temperéture = '500 deg K

Transponder bandwidth = 54 MHz. |

Slgnal Compressed digital signal with transmxtted symbol rate of 43 MSps.

It the power transmitted by the transmitting earth station is 800 W determme
(1) EIRPin dBW of the transmltung station; '
(ii). C/N for uplink
. (111) C/N for downlink.

8. Wrife notes on (any three of the following): ‘ | 3 ' 35)
() SDH/SONET, o
(i) ADSL/VDSL,
(iii) ISDN, |
(iv) ARQ Schemes.
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' FErlang B Traffic Table

. 23.59 .

31.66.

Maximum Offered Load Versus B and N
Bisin % ' :
0.1 0.5 1.0 2 5 10 15 20 30 40
.0010 0050 .0101 0204 .0526 111 .1765 2500 4286 6667
. .0458  .1054  .1526 2235 3813 5954 7962 1.000 - 1.449 2.000
- ,1938 .3490 4555 6022 .8994 1.271 1.603 1930  2.633 3.480
4393 7012 .8694 1.092 1.525 2.045 2.501 2.945 3.891 5021
7621 1132 1.361 1.657 2.219 2.881 3.454 4,010 5.189 6.596
1.146 1.622 1909 2276 2.960 3.758 4.445 5.109 6.514 8.191
1.579 2.158 2.501 2.935 3.738 ° 4.666. 5.461 6.230 7.856 9.800
- 2051 2730 3.128 3.627 4543 5.597 6.498 = 7369  9.213 11.42
- 2.558 - 3.333 3.783 - 4.345 5370 6.546 7.551 8522 ° 10.58 13.05
3.092 3.961 4.461 5.084 6216  7.511 ~ 8.616° 9.685 1195  14.68
3.651 - 4.610  5.160 5.842 7.076 8.487 9.691 10.86 13.33 16.31 -
4231 5279 5876 6.615 7.950 9.474 10.78  12.04 14.72 17.95 -
- 4.831 5.964 6.607 7.402 = 8.835 1047. - 11.87 13.22 - 16.11 19.60
'5.446 6.663 7.352 8.200 9,730 11.47 1297 1441 17.50 21.24 -
:f{ 6.077 7.376 8.108 9.010 - 10.63 12.48 14.07 15.61 18.90 22.89
5 16 5.339 6.250 6.722 - 8.100 8.875 9.828 11.54 13.50 15.18 16.81 720.30 24.54 -
17 5.911 6.878 7.378 8.834 9.652 10.66 12.46 14.52 16.29 18.01 21.70 26.19
L 18 6.496 7.519 8.046 9.578 10.44 11.49 13.39 15.55 17.41 . 19.22 23.10 27.84
19 7.093 - 8.170 8.724 1033 - 11.23 1233 . 1432 1658 - 18.53 20.42 24,51 29.50
P 20 7.701 8.831 9412. 1109 12.03 13.18 15.25 17.61 19.65 21.64 25.92 31.15
| 21 8.319 9.501 10.11 11.86 12.84 1404 16.19 - 18.65 20.77 22.85- 2733 - 32.81
o 22 .8946 10.18 10.81 12.64 13.65 14.90 17.13 19.69 21.90 24.06 28.74 34.46
23 . 9.583 10.87 11.52 13.42. 1447 15.76 18.08 20.74 23.03 25.28 30.15 36.12
o 24 10.23 11.56 ~ 12.24 1420 1530  16.63 19.03 2178 2416  26.50 31.56 37.78
; 25 10.88 12.26 1297  15.00 16.13- . 17.51 19.99 22.83 25.30 27.72 3297 39.44
b 26 11.54 12.97 13.70 15.80 16.96 18.38 20.94 23.89 2643 28.94 34.39 41.10
C 27 12.21 13.69 1444 16.60 17.80  19.27 21.90 2494 27.57 - 30.16 35.80 42,76
28 1288 1441 1518 17.41 1864 20:15 22.87 26.00 2871 31.39 3721 4441
; 29 13.56 1513~ 1593 18.22 19.49 21.04 23.83 27.05 29.85  32.61 38.63 46.07
30 1425 15.86 1668 . .19.03 20.34 21.93 2480 28.11 31.000 33.84 4005 47.714
.31 14.94 16.60 1744 - 19.85 21.19 22.83 25.77 . 29.17  32.14 35.07 4146 4940
32 15.63 17.34 1821 - 20.68 2205 2373 26.75 - 30.24 33.28  36.30 42,88 51.06
33 . 1634 18.09 - 1897 21.51 22,91 2463  27.72 31300 3443 37.52° 4430 52.72
' 34 -17.04 18.84 19.74 22.34 23.77 25.53 28.70 32.37 35.58 38.75 4572. 5438
35 17.75 19.59 20.52 23.17 24.64 2644 29.68 3343  36.72 39,99 47.14  56.04
36 18.47  20.35 21.30 24,01 25.51 2734 - 30.66 3450 . 37.87 41.22 48.56  57.70
.37 19.19 21.11 22.08 2485 2638 2825 31.64 35.57 39.02 42.45 49.98 5937
38 1991 21.87 22.86 ©  25.69 27.25 29.17 32.62 36.64 40.17 43.68 51.40 61.03
-39 20.64  22.64 23.65 2653  28.13 30.08 33.61 3772 - 4132 44,91 52.82 62.69
40 2137 23.41 24.44 2738  29.01 31.00 34.60 3879 4248 46.15 54.24 64.35
41 22,11 24.19 25.24 28.23 29.89 31.92 35.58 39.86 43.63 47.38 55.66 66.02
42 2285 2497 - . 26.04 29.09 3077 3284 36.57 40.94 44.78 48,62 . 57.08 67.68
43 25.75 = 26.84 29.94 33.76 » 37.57 42,01 4594 49.85 58.50 69.34
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| | SECTION - A
There are FOUR questions in this section. Answer any THREE.

1. (a)Design an Ayrton shunt to prov1de an’ ammeter with current ranges of 1A, 5A and .
- '10A. A basic meter with an mtemal re51stance of 50 Q and a full scale deﬂectlon current
o I mAistobeused. ,v ' - - (16: v
(b) Derive the equations for deflection nnder both DC and AC operations for an '.
electrodynamometer type instrument, - _ x (1 5) v
(c) Show that the deflecting torque in an electrodynamometer type of voltmeter is -

| proportional to square of the rms value of applied voltage irrespective of its waveform. 10} v

2. (a) Draw the block dragram of a ramp-type dlgltal voltmeter and brleﬂy explaln its '
workmg principle. _ . I ¢ L
~(b) Describe the two ways to extend the voltage range of electrostatic voltmeters. - 16 v~ i
(c) An electrostatic voltmeter is constructed with six parallel, semi-circular fixed plates -
equi-spaced at 4 mm intervals and five interleaved semi-circular movable plates that
move in planes midway between the fixed plates in air. The instrument is spring
controlled. If the radius of movable plates is 40 mm, calculate the spring constant if 10

kv corresponds to full scale deflection of 100°. Neglect fnngmg edge effects and plate » _
thickness. The permittivity of air is 8.85 <107 F/m. (15 ’

- 3. (a) Draw the equivalent circuit and phasor diagram for potential transformer. Derive an
expression for its ratio and phase angle errors. - - (18) "
| (b) A potential transformer rated 6900/115 V, has 22500 turns in the primary w1nd1ng ,
and 375 turns in the secondary winding. With 6900 V apphed to the primary and the
- ‘. secondary circuit open circuited, the primary winding current is 0.005 A, lagging the |
voltage by 73. 7°. With a partlcular burden. connected to the secondary, the primary

winding current is 0.0125 A, lagging the voltage by 53.1°. - . ' (lﬂ\/
Primary winding resistance =1200 Q
Primary winding reactance = 2000 Q
Secondary winding resistance =0.4Q
- Secondary winding reactance =0.7Q

(i) Find the secondary current and terminal voltage using the applied primary
voltage Vp = 6900 + jO as reference. Find the load burden falso. '

(ii) Find the actual transformation ratio and also the phase angle.
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(a) Show that the actual readirlg of an electrodynamometer type wattmeter for lagging

load is true power x (i +vtar_1¢tanﬂ ).

V (b) How can the error caused by pressure coil inductance of an electro'dynamométer type
wattmeter. be eliminated? | - '.

(c).The currerlt coil of a wattmeter is connected in series with an ammeter and an
inductive load. A voltmeter and the voltage coil are connected across a 100 Hz supply.

The ammeter -reeiding is 45 A and the voltmeter and wattmeter readings, are

respectively, 240 V and 23 W. The inductance of voltage circuit is 10 mH and its

resistance is 2000 Q. If the voltage drops across the ammeter and the current coil are -

‘negligible, what is the percentage error in the wattmeter reading?

| SECTION-B |
There are FOUR questions in this Section. Answer any THREE.

" The symbols represent usual meanings.

(a) Derive the expression for the total deflecting torque in induction type energy meter.
Show that the deflection is maximum when the phase angle between two fluxes is 90°
and when the disc is purely resistive.

(b) Describe the working principle of a single phase induction type energy meter.

(a) Define active and passive transducers. Show that the gauge faCtor of a strain gauge is
expressed by G, =1+2v +@“ X / s
. . . £
(b) 'Eicplain how linear motion is converted info.electrical signal using LVDT.
(c) The output of an LVDT is connected to-a 5V vo\l}«meter through an amplifier whose
amplification factor is 250. A output of 2@a{£)ears across the terminals of LVDT
when the core moves through a distance of 0.5 mm. Calculate the sensitivity of the

LVDT and that of the whole setup. The millivoltmeter scale has 100 divisions. The scale

can be read to 1/5 of a division. Calculate the resolution of the instrument in mm.

(2) A capacitive displacemeht transducer uses a differential arrangement with two ‘01‘116‘1‘
plates which are fixed and a central piate which is movable. Show‘ that the sensitivity of
such a transdu,cer.' is constzint. ’

(b A parallel plate. capacitive transducer uses plates of area 500 mm? 'which are
separated by ab distance of 0..2. mm. Calculate the velue of cépacitance when the

dielectric is air having a permittivity of 8.'85><10'12 F/m.
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Contd. Q. No. 7(b)

(1) Calculate the change in - capacitance if a linear dlsplacement reduces the
distance between the plates to 0.18 mm. Also calculate the ratio of per unit,
change of capac1tance to per unit change of dlsplacement.

(ii) . SuppOSe a.mica sheet 0.01 mm thick is inserted in the gap. Calculate the value

of ongmal capac1tance and change in capacrtance for the same drsplacement '

Also calculate the ratio of per unit change in capacltance to per unit change in

displacement. The dielectric constant of mica is 8.

@A plezo-electnc quartz. crystal has an area of 100 mm and is 1 mm thick. It is held

between two metal electrodes and is used for measurement of changes in force across

the crystal. Young's modulus for the}materlal is 90 GN/m?, the charge sensnwlty is

2 pC/N, the relatlve perm1tt1vrty is 5.

The resrstrvrty is 1012 Qm. A 20 pF capacitance and a resrstance of 100 MQ are
connected in parallel across the electrodes. If a force F; = 0.01 sin (1000 t) N is applied,
find | ' |

- load cond1t1ons \ ,
(ii) the maximum change in crystal thlckness / |

[ Fiis the instantaneous value of force F].

The penn1tt1v1ty of free space is 8.85 pF/m.

(b) A piezo-electric transducer has a capacrtance of 1000 pF and a chanrge sensrt1v1ty of

'40><10“3 C/m. The connectlng cable has a capacitance of 300.pF whlle the oscilloscope

used for readout has a readout input resistance of 1 MQ with a parallel capacitance of

50 pF. _ ‘
- (i) What is the sensitivity (V /m) of the transducer alone"
. (ii) What is the high frequency sensitivity (V/m) of the entire measuring system?
| (iii)) What is the lowest frequency that can be measured with 5 percent amplitude
error by the entire system?
(iv) What is the value of an external shunt capac1tance that can be connected in

- order to extend the range of § percent error down to 10 Hz?.

(v) With external capa01tanc_e calculate_d in (iv) connected in the circuit, what is

the system hi gh frequency sensitivity?

(i)' peak to peak voltage swing across the electrodes under open circuit and under

17

as)
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SECTION - A
There are FOUR quest.lons in this section. Answer any THREE.

‘1. (a)Discuss thermal system dispatch considering network losses, and develop a

relationship of the principle of generation dispatch incorporating the transmission loss.

®) Consider three generating units supplylng to a total of 850 MW of load. The
generatxon cost curves are given by equatlons,

F, =561+7.92P +0.00156 P! R/

F,=310+7.85P, +0.00194 P} R/

F, =78+7.97 P, +0.00482 Py Rh
The network losses can be approximated as, Pk,Ss =0.00003 P? +0.00009 P2 +0. 00012P2

- Dispatch P" P,, P3 upto two iterations.
Start with P; = 400. MW, P,= 30(_) MW, P; = 150 MW.

2. (a) Present the forward dyna_mic programming approach to the unit commitment

problem.
(b) What is the essentigl difference between ‘eéonomic dispatchb and unit commitment?
(c) Consider the generating units: ,

F, (P,)=30+10P, +0.002 P 100 < P, <600

F,(P,)=20+8P,+0.0025P? 100 <P, <400

F(P,)=10+6P,+0.005P? 50<P, <200

Load =t Pl (MW)
| 1 | 300
2 500
3 | 1100
4 -

400

No start-up cost, no minimum up-or down-time constraints. Schedule units accbrding to

- a strict priority order.

B. ¢ M. goihul 'EM»{

(17)

(18)

(10)
(10)
s)
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3. (@ Present the block diagram of twor interconnected system area. Include governor, .
 prime mover, rotating mass and load and tie line models. B ‘ - a7
_ Show that change in tie flow for the system is given by

-AP, (—L+D2]
. l R2 )
AP, = T 1 -
—+—+D;+D,
R, R, -

(b) Two system areas are connected by a tie line with the following characteristics: (18)

 Areal ~ Area2
R=0.01 pu R =0.02 pu
D=038pu D=1.0pu
' Base MVA =500 Base MVA =500

~ Aload éhangé of 100 MW occurs in area 1, Calculate
(i) thenew steady-state fiequency
(i) the change in tie flow
(i) change in area loads due to frequency drop.

4. (a) Ex_plain_how the maximum likelihood method of estimating unknown parameter _
gives a way to weight the measurements according to their quality. = - (16)
(b) Consider the three bus system shown in figure below having the following

characteristics: | : ' ‘ (19)
Full Scale Accuracy -
Meter (MW) (MW) o (pu) |
-~ Mnp »1000 +6 0.02 ]
‘Mp 100 | %3 001
M, | 10 | %06 0.002
g com™W my
| @ 7 — (COMW
. . b :
6 S MW -
S — 4OMN'\\
x% — O.H‘ A ' S p W _..__-—-@ |
Yz =025a& s _ - EX NN
(160 MVA boseD >

Fp ctee & 1D

(i) Calculate the best estimate for the phase angle 0, and 0, given the following

measurements: _

My 60 MW, Mis - 4 MW, Mz - 40.5 MW
(i) Calculate the residual J(x) |
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SECTION B
- There are FOUR questions in this Section. Answer any THREE
~ All the symbols have their usual meanings.

5. (a) What are ﬂie furictibns of optimal power flow ’(OPF)? With necessary equatibns, 5
explain the gradient method of OPF. ' - - (20)
" (b) Explain how the penalty functions are incorporated in Newton s method of OPF. For

an AC network model, show that Ak = [J ][ ]' [J o ]Au+[J,,,,] (05+10=15).

6. (a) Minimize the real power losses for the network shown below. - 25)

leen that P + ]Q3 (2 0+ ]1 0) pu, P=17 pu and a= 003 Initial voltages,

Hﬁzﬂ os)re

Show one iteration only. 7 : _ _
(b) What are the functions of 'power system security? Briefly explain. ' 10)

7‘. (a) Explain the terms— (i) Optimal dispatch, (ii) Post contingency, (iii) Secure dispatch

‘Now if the total load increases by 20%, determine the new loading of each unit and new

system frequency before any supplementary control action occurs.
(c) Explain IP algorithm of OPF.

" and (iv) Secure Post-contingency. | _ . (10)
(b) Draw the flow chart of contingency analysis using sensitivity factors. . ' 0.
~ (c) With a flow chart, explain 1P1Q contingency selection procedure. - . (15)
.8 (a) Explain the boundmg techmque of contingency analysis. - ' as) -
' ~ (b) Two generating umts, G; and G,, are operating in parallel at 50 Hz to supply atotal ,
load of 700 MW. The system configuration is given below: - (10)
Rated output | Loading '
Umt | (MW) % speenl drop oMW)
Gy 600 4.0 400
G- 500 - 5.0 300

(10)
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SECTION - A

There are FOUR questions in this Section. Answer any THREE.

All the symbols have their usual meanings.

1. (a) Show that the \‘/arianeeof a randorh variable, x, is given by, V(x) = E(x%) - (E(x)}%

(b) Two power systems, X and Y, are connected throt_igh a tie line of capacity 10 MW.

The generatlon angd load d%of the two systems are shown below.

System G )erztlon ID | Capacity (MW) F QR Peak load (MW) -
G 10 0.2
X _ 15
G, 30 0.1
Gs 15 0.1 '
Y _ 20
- Ga, 25 0.3 :

‘ -Usi_ng recursive algorithm, determine LOLPx, LOLPy, LOLPxyy, LOLPyx, LOLPg.

2 (a A power system has four generators with the capacmes of 100 MW, 200 MW, 300
MW and 400 MW. The FORs of the units are 0.1, 0.2, 0.1 and 0.3, respectively. The
system has three load levels of 50 MW, 150 MW and 200 MW with equal proba_blhty of’

“occurrénce. Using system cumulants, determine the value of normalized random variable,

N(z).-

(b) A power system has two generators with the capacities of 200 MW-and 300 MW The
FORs of the units are 0.02 and 0.03, respectively. The system has two load levels of

- 250 MW and 300 MW with equal prbbability of occurrence. Now a new generating unit
_ with the capacity of 400 MW and a FOR of 0.04 is added to the system. Calculate‘the

LCC of the new unit.

3. '(a). In a lérge'system the average number of cable faults f)er year per 200 km length of
cable is 0.4. Consxder a specified plece of cable with 20 km length. Evaluate the
probabthtles of 0, 1 2, and 3 faults occurring in 30 years period.

.(b) Two power systems, X and Y, are inter-connected through a tie line with capacity of

10 MW. Generator data and load data of the two systerhs are given below.

Generator data:

oy

p

G

(30)

20) .

(15)

(10)

(25) |



o - =2=
EEE 479
Contd .... Q. No. 3(b) . |
System UnitNo. | Capacity (MW) FoR
N T | 0 | 02
. 2 : 30 . = 0.1
| i 0 01
Y :
2 20 ‘ 0.3
Load‘data: B . »
System | Load (MW) ' [ Probability of occurrence
15 0.5
X .
25 0.5
- 20 ' 0.5
Y
) 5 05

Using segmentation method, determine LOLPx, LOLPy, LOLPXW? LOLPyx and LoLPg.

4. (é) Derive the general expressions of expected value and standard deviatibﬁ of a. binomial
- distribution. - I S (15)
(b) A power system planner prbpoées a plan consisting two _generating units of capacities
~30 MW aﬁd‘40 MW with FORs of 10% and 20%, respectively. The forecasted Peak
demand (L) is Gaussian in ﬁature with the following impulse equation:
P(L)=03 8L ~30)+ 0438 (L ~-50)+0.335 (L~ 70), where p(L) = probability of
6ccurrence of L. Evaluate LOLP of the proposed systefn. ' _ | : (20)

_ SECTION -B
There are FOUR questions in this Section. Answer any THREE.

5. (a) A power system has the following generator and load model. ' - 30)
Generator model: ‘ ' ' 4
- Generator 1D ' Capacity (MW) . FOR
TG - 200 0.02
G 300 T 003
Gs; - 400 0.04
Load model:
- Load (MW) _ Probability of Occurrence
250 | 02
350 - 0.3
450 - 0.3
550 0.2

. Using recursive technique; determine LOLP of the system.

(b) Comparé the segmentation method with cumulant method. ' | (5
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6. (a) A power system has three generators and only three load levels as given below : | | (20)
- Generator Model . |
‘Generator ID |  Capacity (MW) ' FoR
G - 200 | 0.05
G, 300 - 0.04
G3 500 0.03.
Load model:
Load (MW) Probability of Occurrence
300 I P,
400 | 0.4
1000 ) Py

The LOLP of the system is 3.6024%. Determine the value of P, and P, Use sfate
enumefa_tion fechﬁique to sofvé the problem. o '

- (b) A power systenﬂ has two generatbrs with the capacities of 20 MW and .30 MW. The
FORSs of the units are 0.2 and 0.3 respectively. The load duration curve (LDC) of the

- system is constructed for the period of 50 hours where load is constant at 40 MW for the

whole périod. Determine LOEP of the system. - (15)

7. (a) For a Poison distribution, determine (i) the probability of failure occurring zero times
. inan interval (ii) the probability of failure occurring 'x' times in an interval. - (18)
(b) Derive the general expression of exp(acted value and standard deviation of Poisson

distribution. - | S | . | 17)

8. (a) A power system has three generators with capacities of 10 MW, 10 MW and 25 MW.
The FORs of the units are 0.2, 0.3 and 0.1, respectively. The system has three load levels
of 15 MW, 20 MW and 25 MW, with equal probability of occurrence. Determine LOLP

using segmentation method. ' : : (30)

(b) What are the benefits of interconnection in power systems? B 5
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_ SECTION - A
There are FOUR questions in this Section. Answer any THREE.

. (a) With a neat sketch describe briefly the working principle of "Cockcroft-Walton" type
multiplier circuit arrangement for generation of HVDC Find the ripple of this clrcult

(b) A Cockcroft-Walton type voltage multiplier ‘has eight stages w1th capacitance, all
‘equal to 0.05 pF. The supply transformer secondary voltage is 125 kV at a frequency of
150 Hz. If the load current to be supplied is 5 mA, find (i) the percentage rrpple (ii) the

regulation, and (iii) the optrmum number of stages for minimum regulation or voltage

drop. -

: . (a) Describe erosion breakdown in solid dielectric. Show the current and voltage wave
v shapes under a.c. voltage.

(b) A solid dielectric speclmen of dlelectrlc constant of 4.0 shown in the figure has an
internal void of 1.5 mm. The specimen is 10 mm thick and is subjected to a voltage of
80 kV (rm.s.). If the void is filled with air and if the breakdown strength of air can be

‘taken as 30 kV(peak)/cm find the voltage at which an internal discharge can occur.

. (a) Define insulation coordination. With simple diagram describe the statistical method
*for insulation coordination in a power system.
(b) Classify insulation according to location and dielectric performance. Explain the

correlation between insulation and protection level.

. (a) Explain the working principle of high voltage "Schering bridge" for measurement of
loss tangent and capacitance of a dielectric.

(b) Describe with a neat sketch the working principle of "Van de Graaff Generator".'
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There are FOUR questions in this Section. Answer any THREE.

5. (a) What are the different principles of breakdown in insﬁlating liquids? Describe the
 bubble theory. ' | . | |
(b)What is streamer mechanism of breakdown in gasés? Discuss the mechanism proposed

by Loeb and Meck.

6. (a) Describe the negati've'coro_na discharge phenomena. Explain the corona power loss for
'‘AC lines. | ' | -
(b) What is corona onset level? Find the value of ac critical corona onset voltage, Eo,

when the air pressure is 120 kPa and the air temperature is 20°C.

7. (a) What are the methods used for high voltage meaéurements? Explain with a neat "
4diagr.am the electrostatic voltmeter used for measurement of DC and AC voltages. |
- (b) With a neat diagram, explain how a sphere-gap éan_be used to méasufe the peak value
of high voltage. Describe in detail the parameters and factors that inﬂuenég such voltage

measurement.

8. (a) Explain, with a simple diagram, the g}enereﬂ shape of an impulse or transient voltage
according to British Standard Specification. With a neat diagram, explain the operation of

Marx's multi-stage (six stages) impulse generator. | |
(b) How does the lightning occur in nature? With a simple diagram, explain the lightning

protection system of a very high rise building.
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. SECTION — A
There are FOUR questions in this Section. Answer any THREE.

1. (a) What is a 'protective relay?’ With a neat diagram briefly describe the use of a

- protective relay
'(b) An overcurrent relay has an inverse characterlstws of

13.5-

Lo
(Iset) '

Where ¢ is the operating time in seconds, I is the line current and Ly 1S the. minimum

operating current. If L = 5A and the relay_operating time for a CT seeondary current of
10A is 2A.Sec, determine the value of a.

(c) Derive an expression for the torque generated in an induction type relay.

2. (a) What is a directional relay? Draw and explain the characteristics of an ac directional

relay

(b) A directional relay needs a minimum power of 1.5 W to operate. The relay produces

maximum torque when the line current leads the line to neutral voltage by an angle of

“30°. The hne to neutral voltages is 110/ \[— 3V. The CT ra’uo is 400 5 A.

- (i) Draw the operatmg characteristics. _
(ii) At what lagging or leading loads should the relay not operate even at rated current

 flow in the forward direction?

‘3. (a) Why reactance. type distance relays need spec1al type of directional unit called startmg

unit? Derive the characteristics equation of a directional Telay to be used along with

reactance relays and hence draw and label the operating characteristics for standard 3

zone protection.
~ (b) With a neat diagram explain the operation of a carrier current relaying scheme for

zone protection.

. (a) Why does a synchronous generatof need loss of excitation protection? With a suitable

diagram explain how to figure out that a synchronous generator has lost excitation.

(10)
(10)

(15)
(15)

@0

(20)

- (15)

15)
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(b) A 75 MVA 132/33 KV, 3-phase star-delta type power transformer is to be given

percentage drfferentlal protection for internal fault detection. Draw the connection

scheme with approprrate labels and give the CT ratios and ratios of the equahzmg CT'sif

' needed. You should choose standard CT ratios. o , : as)
(©) What is magnetrzlng inrush current? How can you av01d this inrush current?. . (&)
SECTION - B

There are FOUR questions in this Section. Answer any THREE.

5. _(a) What is meant by Circuit Breaker (CB) Operating Mechanism? Discuss 3 (three)
commonly used CB operating mechanisms. . : ‘ _ 1s)

(b) What is transient. recovery'voltage (TRV)? In what conditions do "Single Frequency"

and "Double Frequency" TRV occur? Explain them with necessary _circuits and

waveforms. _ - S ' - (10)
(c) Discuss the steps involved.in AC /a/e extinction. (10)
6. (a) What are the differences between MCB and MCCB? ) (10)
- '(b) How does Air Circuit Breakers (ACBs) differ from CBs? v - ' ' - (10)
(c) How arc is formed in a Vacuum Circuit Breaker (VCB)? Explain the construction and
- operation of a VCB. - . - o (15)
| (VVLA W : - ‘ ' '
. 7. (a) Why SF; gas is an ideal rr}eéan for é@extirxetion‘? | ‘ C 5)
(b) With a neat diagram,’.explain the coristruction and operating principle of a single
puffer type SFs Circuit Breaker. o o | _ - (25)
'~ (¢) What is a Gas Insulated Substation (GIS)? In what places do GISs are recommended? . 5)
8. (a) What are the need for Isolators and Earthing Switches in a  Power System? a 5)
(b) What is a DOF? How does it work? | : | | 10)

, (c) How does a "Lightning Arrester" work? Compare the functionalities of "Lightning
Arresters” and "Rod- -gap Arrestors" ' ' _ (10)
- (d) What is a Load Break Switch? How does it differ from a Circuit Breaker? (1 0)
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SECTION - A
There are FOUR questxons in this section. Answer any THREE.

The questlons are of equal value.

Symbols have their usual meanings.

1. (a) Sketch a typical ECG aneform and explain its different components.

(b) Briefly explain the two phases of a cardiac cycle.

2. (a)Briefly descfibe the different types of atrio-ventricvular’ blocks with. necessary
-diagrams. S -
j (b) Explain the followmg terms: (1) heart murmur, (i1) normal heart sound and (111) pitch
- of heart sound.

3. (a) Discuss the following: _
(i) resting heart rate, (ii) recovery heart rate and (iii) instantaneous heart rate.

(b) Explain the geometric method for the analysis of heart rate variability.

4 (a) What is an EEG signal? Justify why an EEG 31gna1 may be used to identify different
- types of sleep disorders. v
(b) Write short notes on any three of the following:
(@) Meén_arterial pressure -
(i) Korotkoff sound
(i) .Sphygmomanometer

(iv) Direct Measurement of BP. _

| o SECTION-B
There are FOUR questions in this Section. Answer any THREE.

The figures in the margin indicate full marks.

5. (a) Describe the following terms: ' o | - ' (18)
| (i) Index of refraction ' '
(ii) B-scan mode of ultrasonography

(iii) ESPA Transducer
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(b) Answer the followmg questions:
@) Why are Hydrogen nuclei most sultable for MRI? Why is Larmor frequency
crucial to MRI? What happens when the RF pulse at the Larmor frequency

apphed"

-(ii) Describe the ’key points of MRI instrumentafion. v

6. (a) .Brieﬂy describe Aperture impedance blood cell counter.
(b) Give an overview of different types of clinical instrumentation. -

© Draw and explain the simplified schematic ofa spectrophotometer.

7. (a) Compare power line noise, electrode contact noise and electrosurgical noise based on
their typical parameters and characteristics. |

(b) Write down the basics of Impedance Cardiography. :

8. (a) Write down the equatlon that Cole-Cole plot obeys Derive the Cole-Cole system for
practlcal measurements
(b) Describe major usage of X-Ray. Explain absorption and scattering of X-rays.-
() Descﬁbe: | | | |
(1) Lead C.ollimating Plates
(ii) Scatter Radiation Grid

(05)
(12)

an
10
(08)

(15)
(20)

(10)
an

(08)
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~ SECTION-A
There are FOUR questions in this section. Answer any THREE.

1. (a) What happens to the initial energy and momentum of an electron after it is scattered
duetoa perturbatxon" _ L ' - ' ' (7
(b) Write the express1on for the probability of ﬁndmg an electron in the final state after

a perturbatlon is apphed to the system. Discuss dxfferent terms in 1t and explam how the \Q'

' probablhty changes with time. o ' : | .‘

© Comment on the relative 31gmﬁcance of electron-phonon and electron-impurity .

scattering at different temperatures. Why electron scattenng due to longitudinal acoustic

phonon can be approximated as quasi-elaStic‘?_ | (12)

2. (a) What is "selection rule" for optical transitions? How the selection rule is applied in
designing lasers and detectors? Discuss. : o _ (12}

(b) Derive an expression for the net exchange of energy due to interaction between

electron and p_hoton. Explain the significance of different terms in the expression. | _ (17

(c) How the electron-photon transition strength can be manipulated? : , - (6)

3.  (a) Discuss how the moblhty of GaAs is affected due to 1nter-valley electron transport |

when the applied electnc field increases. - - ‘ | 8}
(b) Derive an expression for the transmxssxon coefﬁcxent of the flux of electrons when

freely moving electrons hit a potential barrier. Discuss what happens when the electron

- energy is greater or less than the potential barrier energy. ' - (14

(¢} Draw the transmission vs. energy of electron flux through a finitely thick potential
barrier. Discuss how the tunnehng through the barrier can be increased. Also discuss

how electrons can be reflected significantly even if the electrons have energy greater

than that of the potential barrier. : ' ' , o (13}



"~ EEE 461

o
N .
i

(a) Derive an expression for current when a voltage is applied across a potential barrier
and show that the‘cunént is not simply proportional to the applied voltage.
(b) What happens to the current-volfagé relation of a potential barrier when the applied

bias is small?

(¢) What is the condition for _resohant tunneling? Discuss. How_ a resonant tunneling

diode should be designed to ensure maximum current?

SECTION-B
There are FOUR questions in this Section. Answer any THREE.: :

(@) What is dispersion?

_(b) Show that for a 1-D monatomic lattice the system works as a low pass filter.

(¢) For a 1-D monatomic lattice with N-atoms find the expression of density of states.

(a) Find the dispersioh relation for a linear diatomic lattice.

. (b) What is Reststrahlen effect? What is the use of this effect?

(c) The mass of Na is 23 amu and that of Cl is 35.5 amﬁ. The transverse force constant

for NaCl is 10.28 N/m. Find the Reststrahlen wavelength in NaCl.

(a) Why classical theory of specific heat fails at low température?

(b) Based on the Debye theory derive the expression of specific heat at very low

temperature.

(c) What is phonons?

(a) Considering an electron in vacuum under an external electric field derive the

“expression of effective mass.

~ (b) Why a completely filled band can contribute no net curfent in the presehce of an

exterﬁal electric field?

- (¢) Using the Tight Binding Model derive the E-k relation near the bottom of the band

for a system having a large nurhber of atoms.
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| SECTION — A
There are FOUR questions in this section. Answer any. THREE.

1. (a) What happens to the initial energy and momentum of an electron after it is scattered

duetoa perturbat:on" ' - . ' NUE
(b) Write the expression for the probability of finding an electron in the final state after |
a perturbation is applied to the system. Discuss different terms in it and explain how the \Q,

‘probability changes with time. . , : 4

(c) Comment on the relative significance of electron-phonon and électrqn-impuri_ty

scattering at ,différent temperatures. Why electron scattering due to longitudinal acoustic

phonon can be approximated as quasi-elastic? o (12)

(a) What is "selection rule” for optical transitions? How the selection rule is appliéd in

S

designing lasers and detectors? Discuss. o (12}
(b) Derive an expression for the net exchange of energy due to interaction between

electron and photon. Explain the significance of different terms in the expression. - 17y

(c) How the electron-photon transition strength can be manipulated? 6)

3. (a) Discuss how the mobxhty of GaAs is affected due to mter-valley electron transport '

~when the applied electric field increases. : v | @8
(b) Derive an expression for the transmission coefficient of the flux of electrons when
freely moving electrons hit a potential barrier. Discuss what happens when the electron
energy is greater or less than the potential barrier energy. | _ (14}

- (c) Draw the transmissior_i vs. energy of electron flux through a finitely thick potential
barrier. Discuss how the tunneling through the barrier can be 'i_ncr_eased. Also discuss

-how electrons can be reflected significantly even if the electrons have energy greater

than that of the potential barrier. . ' : - (13}
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4. (a) Derive an expression for current wheﬁ a voltage is applied across a potential barrier
and show that the current is not simply prsportioﬁal to the applied voltage. ' (12)
(b) What happens to the current-voltage relation of a potential barrier when the apphed
bias is small? ) ' | o . t))
(©) What is the condition for resonant tunneling? Discuss. How a resonant tﬁnneling

diode shQul'd.be designed to ensure maximum current? | B | (15)

_ SECTION-B _
There are FOUR questlons in this Sectlon Answer any THREE

5. (a) What is dispersion? | o 5)
(b) Show that for a 1-D monatomic lattice the system works as a low pass filter. - (15)
(c)Fora1-D monatomic lattice with N-atoms find the expression of density of states. (15)

6. (a)vFind the dispersion relation for a linear diatomic lat-tice.- ‘ | | (18
| (b) ﬁWhatv_is Reststrahlen effect? What is the use of this effect? ' ' 8)
(;:) The mass of Na is 23 amu and that of Cl is 35.5 amu. The transverse force constant |
_ for NaCl is 10.28 N/m. Find the Reststrahlen Wavelerigth in NaCl. - )]
7. - (a) Why classical theory of specific heat fails at low temperature? _ T Nt
(b) Based on the Debye theory derive the expressmn of specxﬁc heat at very low
'-temperature ' - ' ' o o (20)

(¢)What is phonons? . | | (7)

8. (a) Considering an electron in AVacuu_m' under an external electric field derive the
expréssion of e_ffeciive mass ‘ S | 8
' (b)‘Why a complbetely filled band can contribute no net current in the preseﬁce of van |
external electric field? | | S ‘ 7)
(c) Usmg the Tight Bmdmg Model denve the E k Ielatlon near the bottom of the band |

for a system havmg a large number of atoms. : v v (20)
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, SECTION - A
There are FOUR questions in this Section. Answer any THREE.

1. (a) Why is bit stufﬁng required When‘ specialv flag bvytes are used to recognize frame

: boundarieé? A sender wants to transmit the bit string, 100010000010000001 at the data

link layer. The special bit pattern to be used as flag byte is: 10000001. What is the bit _ |

étring actually t_ransmitted after bit stuffing? Underline the stuffed bits in the resulting bit .
string, S - (3+8=11)
(b) A 12-bit Hamming code thse hexadeeimal value ié OxE4F arrives at a receiver. o

- What was the original value in hexadecima_l? Assume that not more than 1 bit is in error.

Show detailed calculation steps. o . - (12)
(c) In the sliding window protocol using selective repeat, the maximum wmdow s1ze is

™ where 'n’ is the number of bits used for sequence numbers. Justify this resmctlon on

the maximum window size with a suitable scenario. : (12)

2. (a) Write down the algorithms for the following two MAC protocols: (i) Slotted Aloha,
(ii) p-persxstent CSMA. Which of these two have better channel utilization under heavy

load? Explain. ' ' ' - | (5+5—-10)
‘(b) Explain the reason behmd having a minimum length for Ethernet frames. Illustrate
how this length is determined for 10 Mbps Ethernet. : (8+4=.12)
- (¢) Why may switches need to run ‘Spanning Tree Protocols'? Explain: with an example
* scenario. Explain how VLAN can be implemented-u‘sing VLAN aware switches. - = (6+7=13)
3. (a) Why do multimedia applications use UDP instead of TCP? =~ | | )

| (b) Explam with a suitable scenario how 'Delayed Duplicate’ problem occurs in an End to
"End system. How does TCP attempt to solve 'Delayed Duphcate problem" ‘ (8+6-—1 4)

(¢ Explam how the problem of sending small window update by receiver (known as the

'Srlly_ Window Syndrome') may occur in TCP. What was Clark's solution to this problem? ,
‘What is the function of 'Persistence Timer' in TCP? . - (7+3+4=14)

4. (a) Describe Jacobson algorithm for calculating timeout value of retransmission timer in

-TCP? What is the problem of updating RTT on retransmitted segments? What was Karn's
- solution to this problem‘? | : By - (6+4+3=13)
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. (b) Describe .TCP congestion control algorifhm with a suitable example scenario. Your

description must include answers to the followings. a
(i) Usage of the variables ’Congéstio_n WindoW' and Threshold'. What are the initial
- values of these variables? How are subsequent vahies calculated?
(ii) How does the sender calculate the size of sending window?
(iii) When does congestion window grow exponentially and when does it grow
linearly? What is the'motiﬁ'ation behind such approach?
(iv) How is congestion window increased on each successful‘transmission during
éxp‘on;ntial increase (slow start) and during additive increase?
(v) What is the difference in résponse t(} the events: timeout and three duplicate
ACK? What is the reason behind such difference?
(vi) An eXaxﬁple showing graphical plot of congestion window against Umsmission
number illuStfating the algorithm. | |

- (©) What is the disadvantage of sending small size segments? Describe Nagle's algorithm

for limiting small size segments from sender. : ' (3+4=

| .  SECTION-B
There are FOUR questions in this Section. Answer any THREE.

5. (a) What do you mean by layers in Computer networks? ' | ' B |
'(b) Show the relationship between a service and a protocol. o ' v (
(c) Describe different layers in TCP/IP protocol suite. : _ 1

(d) Show protocol stack of a PC work station, router and network interface card with an

example of a message being transferred between two PC workstation connected through a

subnetwork of routers. | | o o a

6. (a) What do you mean by Domai.n Name System? ShoW .the hierarchy of domains with

| -examples. S : : ' B __ : (
(b) What is the meaning and ne.cessity of time to live field in DNS record of DNS server?
Show with example. | o | o '. | | Y |
(c) Describe base 64 encoding techniQue to transmit binary files through email. 1
(d) What do you mé_an by "IP tunneling"? Discuss the role of "IP tunneling" to establish a

* Virtual Private Network. = . , ’ - B {
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7. (a) Descrlbe the steps of building link state packets in link state routing. Descnbe how
prumng is done in multicast routmg if link state routing is used as basic routing protocol (15)
(b) Describe the phenomenon congestion in a network. What are the main factors of :
| congestion in network? Write down the mechanism for congestion control- using choke
packets ' - | v | - - (12) .
" (c) How is ﬂoodmg a mechamsm of routing packets‘7 Explaln the advantages and. o

~ disadvantages. - L S _ 8)

8. (a) What is the advantage of feeding a leaky bucket from the output of token bucket.

" Demonstrate with illustrate examples. - . ' . (10)
~ (b) Explain jitter as a QoS- parameter. ShoW techniques to reduce jitter effect. 3 : a |
(c) Describe RARP with a practical example. o (7)

(d) Show that all the necessary fields of IPV4 can be properly supported by IPV6 fields. - (10)




e - 3 o A g St dall Dlam

L 4/T-2/EEE _ g : Date : 18/12/2012
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
L- 4/T-2 B.Sc. Engineering Examinations 2010- 2011 '
Sub CSE 453 (Computer Archrtecture)

Full Marks 210 ‘ : - Time : 3 Hours
- The ﬁgures in the margin indicate full marks.
USE SEPARATE SCRIPTS FOR EACH SECTION

: SECTION A _
There are FOUR questions in this Section. Answer any THREE.

1. (@) How can you manually trap for unsigned overflow in MIPS? Write down the
corresponding MIPS assembly code. . SR | (10)

(b) Suppose you have a hardware-architecture for multiplication as shown in Figure 1(b).

Show the step by step simulation of multiplication where multiplicand = 9 and

Multlpller =5, - : , N (10)

(c) For the division hardware architecture shown in Figure - l(c), write down the

corresponding flowchart. Mention the initial steps clearly. ' _ - (15)
_2.. (a) Draw the block diagram ef" an arithmetic unit dedlcated to ﬂoatmg point addltlon ' (15)

(b) Suppose that you want to. add the instruction lw inc to the smgle cycIe data-path
shown 1n Flg 2(b-i). Add any necessary data-paths, adders and control srgnals to the
single- cycle data—path ‘Also modify the Table in Figure 2(b-ii) accordlngly Assume an
ALU with ALU control defined by the Table in Figure 2(b-iii). The instruction Iw_inc is

a variant of the lw (load word) i_nstructioh, which increments the index register after

loading word from memory. It cdrresponds to the following two instructions: (15)
| Iw  $rs, offset($rt) |
addi $11 $rt, 1

(c) "The clock cycle for a machme ‘with a sm”le clock for aII instructions will be

determined by the longest instruction” - Do you agree with this statement? Why’? o 5)

- 3. (a) Consider the multi-cyele data-path of Fighre 3(a).' If the register‘ﬁle is altered so that

it has only one read port, then describe any additional changes that you will need to make. '

tol the data-path in order to support this modification. Also draw the complete finite state

machine control for this modified data-path. | ' - | 20)
(b) Write down the table containing the micrr)instructions for the modified data-path

described in Question 3(a). ' | : | (15)

4. (a) For the following set of sequentlal instructions running in a pipelined alchrteeture

determme the potential hazards and g braphlcally show how to solve them. (15)
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w  $2,20(81)
and $4,9%2,8%5
or $8, $2, $4

add $9,84,82
sit .~ $1,86,87
(b) Write down the logic of forwardmg unit to handle Execut1on Hazard and Memory
- Hazard for the ‘pipelmed architecture shown in Figure 4(b). o S (10)
b(c) Draw the states of a 2-bit pred1ct10n scheme in dynamic branch prediction. ' (10)
SECTION - B

There are FOUR questlons in this Section. Answer any THREE. .

5. (a) Write the five basic. steps of the overall operation of a corhputef_. . - 5)
_(b) Draw the diagram of the organization of a computer consisting of PC, ALU, register
bank »and two types of memory. Give proper connections among them so that the

connections justify the overall operation of a computer. . | 8)
* (c) There should be two loop connectlons in your diagram: of Q. No. 5(b): (register bank
— ALU — reglster bank) and (reglster bank data —> memory —> register bank). How do

~ these two loops contribute to the operation of the computer" - explain. ' (5+5=10)
(d) Write two objectives of a computer architect. Write two dlfferences between

~ instruction set architecture and machine architecture. | (2+4=6)

(¢) What are the two types of information handled by a computer? Write two properties

of cach type of information. . ' o | | (2+4=6)
6. (2) State the four principles of hardware design. _ - (4x2 8)
(b) Define alignment restriction and spilling regxster ' ' (3+3=6)
(c) Write the name and meaning of each field of a 32 bit R-type MIPS instructions. (4+6=10)

(d) Write the six steps that a program follows whlle executing a procedure. State the

‘conventi(')n of allocating 32 bits registers for ptocedurc calling by MIPS software. (6+5=11)

7. (a) "One way of interconnecting .all_ functional unit of & computer is to use a single bus"-
write three advantages and diSa{dvant.ages of such organization.’ | (3+3=6)
(b) What is the way of making the fa.sfer unit of a computer compatible with the slower
units of it? - 3)
(c) Consider a simple system built on an 8-bit microprocessor. The device provides 16-bit |
address-lifie (0000H - FFFFH); 32 kB of address space is allotted 1o RAM, 16 kB for
ROM and the remamder to a variety of 1O devices. Establmh the memory map of the

system. S ' ' t]
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(d) Define:

(i) Return address
(i1) Program counter
(i) Caller
~(iv) Callee
- (v) Stack pointer |
| (vi) Address decoder

8. (a) Define general purpose register, memory access register and memory data register.

' (b) Describe the processing' steps of the execution of a prograim.

(c) Deﬁhe:
(1) Global pointer
| (i) Activation record
(iii) Frame pointer

(iv) Text segment

) _ (d) Draw the figure of MIPS memory allocation for program and data.

Multiplicand -

4 bit

: {Lyy/

Confrol
' test

shift Right
Product ‘
' Write
8bit T
F igure 1(b)

\

shift Right
Shift Left
Write

Remainder

Control
test

64 bits

Figure 1(c)

(6x3=18)

(6)
(1e6)
. (4x2=8)

(5
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A SECTION - A o
‘There are FOUR questions in this section. Answer any THREE.

- The questions are of equal value.

Symbols have their usual meanings.

1. (a) Sketch a typical ECG waveform and explain its different components. .

(b) Briefly explain the two phases of a cardiac cycle.

2. (a) Brieﬂy describe the different types of atrio-ventricular blocks with necessary

| dlagrams

~ (b) Explain the followmg terms: (i) heart murmur, (ii),ormal heart sound and (111) pltCh

(

of heart sound. v ' v n

3. (a) Dlscuss the: followmg
(1) resting heart rate (i1) recovery heart rate and (iii) 1nstantaneous heart rate.

(b) Explain the geometric method for the analysis of heart rate var1ab111ty

4. (a) Whatis an EEG signal? Justify why an EEG signal may be used to identify different
types of sleep disorders. , ' '
_(b) Wnte short notes on any three of the following:

(i) Mean arterlal pressure KW
(i) (Rorotk offhound—~ Kordkef]

oL 40 :
- (iii) Sphygmomanometer //

(iv) Direct Measurement of BP.

SECTION-B - .
. There are FOUR questions in this Section. Answer any THREE

The figures in the margin indicate full marks.

5. (a) Describe the following terms: o , '_ o _ ' 18)
' (1) Index of refraeti'on | " |

| (ii) B-scan mode of ultrasonography

(iii) ESPA Transducer \

55
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(b) Answer the followmg questions:
1) Why are Hydrogen nuclei most sultable for MRI? Why is Larmor frequency

: cru01al to MRI? What happens when the RF .pul-x'at the Larmor frequenc '
_apphed?_ o ' 8 _ /)Ld/b& 6@6@75@/ 05)

(ii) Describe the key points of MRI instrumentation. —_—

(a) Brieﬂy describl'e'Aperture impedance blood cell counter.

' (b) Give an overview of dlfferent types of chmcal instrumentation.

(c) Draw and explam the sxmpllﬁed schematlc of a spectrophotometer.

(a) Compare power line noise, electrode contact noise and electrosurgical noise based on

their typical parameters and characteristics.

(b) W_rite down the basics of Impedance Cardiography.

| '(a) Write doWn the equation that Cole-Cole plot obeys. Derive the Cole-Cole system for

~ practical measurements.

(b) Describe major usage of X- Ray Explaln absorptlon and scattering of X-rays

. (c) Describe:

(i) Lead Collimating Plates
(ii) Scatter Radiation Grid

(12)

(17)

(10)

(08)

as)

- (20)

'(_10)"
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