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Q.1 (a)

Section A : Computer Organization and Architecture + Materials Science

(i) Suppose that execution time for a program is directly proportional to instruction
access time and that access to an instruction in the cache is 20 times faster than
access to an instruction in the main memory, Assume that a requested instruction
is found in the cache with probability (.96, and also assume that if an instruction is
not found in the cache, it must first be fetched from the main memory to the cache
and then fetched from the cache to he exacuted. Compute the ratio of program
execution time without the cache to program execution time with the cache.

If the size of the cache is doubled, assume that the probability of not finding a

requested instruction there is cut in half. Repeat part (i) for a doubled cache size.
[6 + 6 marks]
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Draw the flow chart explaining the Round Robin scheduling algorithm. Find out the
average waiting time for the processes listed in the following process table assuming
Round Robin scheduling with time quantum equal to 3 nsec.

P,; Arrival time (nsec) | Burst time {nsec)
P 0 8
P & 2
P - 1 7
By 3 3
Py 8 5
| By 2 3

[12 marks]
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Q1 (9)

Calculate the angles of diffraction for red and green light incident on diffraction grating
that has 500 lines per mm. The wavelength of red and green light are 7 x 107 m and
5.38 x 1077 m respectively. Assume first order diffraction (n =1). Can the contents of any
incident light wave be examined by diffraction?

4 [12 marks]
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Q.1(d)

Germanium forms a substitutional solid solution with silicon. Compute the weight
percent of germanium that must be added to silicon to yield an alloy that contains
2.43 % 10*' Ge atoms per cubic centimeter. The densities of pure Ge and Si are
5.32and 2.33 g/ cm?, respectively. Assume the atomic weights for Germanium and Silicon
as 72.59 and 28.09 g/mol respectively,

S [12 marks]
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Q.1 ()

A computer has a cache, main memory, and a disk used for virtual memory. If a
referenced word is in the cache, 15 nsec are required to access it. [f it is in main memory
but not in the cache, 50 nsec are needed to load it into the cache, and then the reference
is started again. If the word is not in main memory, 10 msec are required to fetch the
word from disk, followed by 50 nsec to copy it to the cache, and then the reference is
started again. The cache hit ratio is 0.9 and the main memory hit ratio is 0.5. What is the
average time in nsec required to access a referenced word in this system?

[12 marks]
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Q2 (a)

Consider two different machines, with two different instruction sets, both of which have
a clock rate of 200 MHz. The following measurements are recorded on the two machines

running a given set of benchmark programs.

Instruction Type | Instruction Count (millions)

Cycles per instruction

~ Machine A
Arithmetic and logic
Load and store

Branch
Others

H= k= o

LT U g S

Machine B
Arithmetic and logic
Load and store
Branch
‘ Others

LS O B+ ]

|
L T

(i)

(i) Comment on results.
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Determine Lhe effective CPI MIPS rate and execution time for each machine.
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Q2(b)

{i)  Addition of 0.3 atomic % nickel and 0.4 atomic % silver into copper at 298 K increases
the resistivity by 0.012 m£Q cm and 0.00018 mQ m respectively. If the resistivity of
copper is (1.025 m£ cm at 298 K, determine the conductivity of the resulting alloy
in (€2 m)~.

(ii) Explain with graphical representation, how mobility varies with temperature?
[10 + 10 marks]

(i)

2} ““:'b“’-‘Ij‘ e Mmodeadal O A B
twe  comp omand
D labic ammﬂmﬂ

@ Dmpunily scattedus

¢catke mg

O tattice im):}ufm(ol,_u Pr o
|
P rwouing  aic brom g an foweed ot

Latbio P e e b




MADE ERSY Question Cum Answer Booklet

Page 10 of 60

Do not
WiLE i
this margir

AA Moweaned  Fha gadbica v A o i

Qﬁ— £” © Imoueed

Low  wotility

acatborlny Lo slopiiont

hevice e~ AFWCJ Nana Rt gan  Hou u'fr.;t\.; e
:'arn__pmﬂh&a omd  Fhein  paobidily  in s seaned.

H T

g -
(D Miket ¢yy= 03 Y Sfen () = B.&V
£ =y Xeu + L b= SLeutey + doi Xsi
[ g , f—-ﬂ1tﬁﬂ4 Jg.‘if'
= Lpurt ges f =B
N ;
i X 'q'_Fqu
g - O:00%S; —000
!
fﬁ '—Jw ( '?1:;{“3

| 5
& ob3 5’N _ ..m.gs;'xul-‘c}, 015 Xl-
!
O‘Oﬂgfm;" -G xpsT e

ot E-ﬁf‘ﬁ)\'bm




MADE ERASY Question Cum Answer Booklet | Page 11 of 60

[ mnt
write in
this margin

Q.2 (c)
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(i) Enumerate the differences between Carboff Dots and Quantum Dots.

(ii) At100°C, copper (Cu) has a lattice constant of 3.655 A. What is the density at this
temperature? (Assume atomic weight of Cu as 63.55 g/mole).
[10 + 10 marks]

a5 Q= TESC A1 Pwy A=62 s% 5/ melt

.




MARDE ERSY Question Cum Answer Booklet

Page 12 of &0

Do not
writz In
this margin




MBDE ERSY Question Cum Answer Booklet | Page 13 of 60

Do not
wirite in
this mangin

Q23 (a)

Consider a pure Si crystal that has £, =11.9.
(i) What is the electronic polarizability due to valence electrons per Si atom?

(iif Assume that a Si crystal sample electroded on opposite faces and has a vollage
applied across it. By how much is the local field greater than the applied field?
(iii) What is the resonant frequency f, corresponding to w,?
Consider the density of the Si crystal, the number of 5i atoms per unit volume, N is
viver as 5 x 10% m=>.
[6+ 8 + 6 marks]
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Q3(b)| (i) 1. Whatis superconductivity and how the superconductors are classified?

2. The superconducting state of a lead specimen has critical temperature of T_. It
has critical magnetic field of 8.2 x 10° A /m at 0 K. If the critical field at 5 K for
this specimen is 4.1 x 10° A/m, then find value of T at 5 K.

(ii) Calculate the first three energy levels for an electron in a gquantum well of width
10 A with infinite walls,

(Assume, Plank’s cunstant, h = 6.63 = 10-* |5, depth of well, L = 1 nm,

mass of electron, m =9.11 x 107! kg)

[10 + 10 marks]
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Q.3 (c)

()

(ii)

A process has been allocated 3 page frames. Assume that none of the pages of the
process are available in memory initially. The process makes the following sequence
of page references (reference siring):1,2,1,3,7,4,5,6,3, 1.

If optimal page replacement policy is used, how many page faults occur for the
above reference string?

Least recently used (LRU) page replacement policy is a practical approximation to
optimal page replacement. For the above reference string, how many more page
faults occur with LRU than with the optimal page replacement policy?

|10 + 10 marks]




MABDE EARASY4Y Question Cum Answer Booklet

Page 18 of 60

Dy recit
Write in
this margin




MAODE ERSY Question Cum Answer Booklet

Page 19 of 60

D et
write: in
this margin

Q4 (a)

‘0" address | "1’ address ‘2" address ‘3" address
PUSHM | LOADM | MOV (X < Y) MOV (X < Y)
POPM | STOREM |ADD (X« X+Y) | ADD (X &Y +7)
ADD ADDM | SUB(X« X-Y) | SUB (X« Y-Z)
SUB SUBM | MUL(X & Xx¥) | MUL (X « Y xZ)
: s
MUL MULM | DIV(X&X/Y) | DIV | X
Ll
DIV DIVM

Consider zero, one, two and three address machines. Write programs to compute
X=(A+BxC)/(D-ExF)

for each of the four machines. The instructons available for use are as follows:

[20 marks]
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Q.4(b)| (i) Define the following;
1. Translators 2. Assemblers 3. Compilers
4, Converters 5. Interpreters
(ii) 1. Consider a magnetic material of 20 cm length carries a 1 Amp current. If the
magnetic susceptibility of the material is 0.5 x 107%, calculate the flux density
in the material in Tesla.
2. Distinguish between hard and soft magnetic material.

[10 + 10 marks]
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Q.4 (c)

(i)

(i)

What is lossless join decomposition property in DBMS? If a relation "R’ is
decomposed into two relations R, and R,, then what are the conditions if it is lossless
decomposition?

Find out which one of the given below decomposition of R(VIWXYZ) are lossless
decomposition and lossy decomposition.

R(VWXYZ)

=Y, Y=2, X-=YUV, VWX

1. R,(VIWX), Ry(XYZ)

2. R (VIWX), R(YZ)

3. R (VIW), R,(WXYZ)
[8 + 12 marks]
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Q5 (a)

Section B : Electronic Devices & Circuits-1 + Advanced Communications Topics-1

+ Analog & Digital Communication Systems-2
A new semiconductor has density of states N_.= 10" em~, N;, =5 x 10" em~* and energy
gap, E, =2eV. Ifitis doped with 10" donors (fully ionized), calculate electron, hole and

intrinsic carrier concentrations at 627°C. (Assume E, N. and N, are independent of
temperature.)
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Draw the following data formats for the bit stream 1100110;
(i) Polar NRZ

| (i) Unipolar RZ

(iti) Alternate Mark inversion (AMI)
(iv)] Manchester

Sal’ U Polan MNER

] I f J

(1) Unipolea RY

nEEEEala

[12 marks]




MEBDE ERNS4Y Question Cum Answer Booklet | Page 31 of 60

D ot
write in
this margir

Q5 (9)

The cell-site transmitted power increased by 3 dB (or doubled). For the same minimum
acceptable received signal power and all other parameters remaining unchanged, prove
that the coverage area is increased by A2 times. Assume mobile radio operating
environment conditions.
[12 marks]
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Consider the two 8-point QAM signal constellation shown in figure below. The minimum
distance between adjacent points is 2A. Determine the average transmitted power for
each constellation assuming that the signal points are equally probable. Which

constellation is more power efficient?
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(.5 (e})| Describe some methods to reduce co-channel interference and can the value of cluster
size be increased more than 7 to minimise the effect of co-channel interference in cellular
communication?
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Q.6 (a)

(i) Explain TCP/IP reference model briefly.
(ii) Decfine cryptography and its type briefly.

[14 + 6 marks]
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Q.6(b)

A city with a coverage area of 500 sq. km is covered with a 12-cell system each with a
radius of 1.241 km. I'he total spectrum allocated is 36 MHz with a full duplex channel
bandwidth is 30 kHz, Assume a Go5 of (.02 for an Erlang B system is specified and the
offered traffic per user is (.05 Erlangs.

Compute

(i) The number of cells in the service area.

(iif The number of charmnels per cell.

(iii) Traffic intensity of each cell.

(iv) The maximum carried traffic.

(v] The total number of users that can be served for 2% GoS.

Use the Erlang B chart as given below:

MNo. of channels 'C’

Capacity (Erlangs) for GnS

0.02 0.005 0.002
5 1.36 1.13 0g
10 4.46 396 343
20 12 111 10.1
40 29.0 273 257
70 a6l 537 51.0
100 84.0 809 Fi4

[20 marks]
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Q6 (0)

(i) Consider a binary memoryless source X with two symbols », and x,. Show that

H(X) is maximum when both x,; and x, are equiprobatble.

(i) An analog message signal bandlimited to 2.8 kHz is sampled above Nyquist rate
to have a guard band of half of message signal bandwidth. The samples are
quantized into 4 levels. The quantization levels Q,, Q,, 0, and Q, are assumed lo
be independent and occur with equal probabilities. Determine the information rate

of the source.

[10 + 10 marks]
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Q.7 (a)

(i) 1. A Sisample is doped with 107 boron atoms/cm®. What is the electron
concentration, n, at 300 K? What is the resistivity?
2. A Gesample is doped with 3 x 101 Sb atoms/ em?. Using the requirements of
space charge neutrality, calculate the electron concentration 1, at 300 K.
II:I"E"I.2
[Assume, 1, =1.5 * 10" cm for Siand n, = 2.5 x 10" em™ for Ge, W= 250 7 ]
5
(ii) The total current in a semiconductor is constant and is composed of electron drift
current and hole diffusion current. The electron concentration is constant and equal
to 10'® em~?, The hole concentration is given by
p(x) = 10" expt __]’_x ]rm_?’; 210
T
where, L =12 pum. The hole diffusion coefficient, D;;- =12 em? /s and electron mobility
cm?® 2 i ;
W, = 1000 E The total current density is | = 4.8 A/cm=. Calculate:
1. hole diffusion current density for x = 0.
2. electron current density for x > [
3. electric field for x> 0.
[10 + 10 marks]
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Q.7(b)

An n-type Si sample of thickness L is inhomogeneously doped with phosphorus donor

whose concentration profile is given by Np(x) = Nj + (N, Nnj{ﬂ em ™, Find:

{i)  Electric potential across the sample at thermal equilibrium.

2
{ii} ElEﬂtl'iC Pﬂtentiﬂl WhE]'I N—il = D_?E {Asﬁume: D" - 12 cm?_x’S; '-I-” = 3{][.[} ifnjg }

i
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&r_ﬂ (& (T 'f'p-'r" [LeaT) e " [15 + 5 marks]
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Q.7 (c)

(i) Consider the discrete source transmit messages X, X, and X, with the probabilities
0.25, 0.3 and (.25 respectively. The source is connected to the channel as given in

below figure. Determine the value of .H[ :] .

e
Sl
13047 G
1.5
xss/ 4 H"“‘“-«ng

(ii) Consider a linear block code with generator matrix shown below:

0.8 ¥
e

s T T Y
1 8049 1
Dlid 14 o

Determine maximum and minimum hamming weighl.

[14 + 6 marks]
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Q8 (a)

(i) Derive equation for the maximum output signal to quantization noise ratio of the
Delta modulation system for a sinusoidal input.

(ii) Consider a low-pass signal with a bandwidth of 3 kHz. A linear delta modulation
system, with step size A = (.1 V, is used to process this signal at a sampling rate ten
times the Nyquist rate. For 1 V amplitude of a test sinusocidal signal of frequency
1 kHz, evaluate the output signal to noise ratio in dB under (a) prefiltered,

(b} postfiltered conditions.
[14 + 6 marks]
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A diffused silicon p-n junction has a linearly graded junction on p-side and a uniform
doping on #i-side as shown below:

{Nﬂ — P'IT_‘_}Cm-I:l
puide n-sice
iy 14
Ny=3x%10
= : > x {um|

9
LS
L
! L]
't}: _________ hr."l. =8 x -1[::14

If the depletion width on the p-side is 0.8 um at zero bias. Find:
(i) total depletion layer width.

(ii) maximum E-field on p-side and n-side at zero bias.

(iii) draw built-in potential on p-side and n-side.

(Assume, & =11.9€ )

L

[20 marks]
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Q.8 (¢)| AnISP is granted a block of addresses starting with 190.100.0.0/16 [65,5536 addresses].
The ISP needs to distribute these addresses o three groups of customers as follows:

(a) The first group has 64 customers; each needs 256 addresses.
(b) The second group has 128 customers; each needs 128 addresses,
(c) The third group has 128 customers; each needs 64 addresses.

Design the subblocks and find out how many addreszes are still available after these

allocations.
[20 marks]
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