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Section A : Advanced Communication Topics + Computer Organization and Architecture

Assume a memory system with two banks, one of which stores even-addressed words
and the other one stores odd-addressed words (interleaving of odd and even addresses).
Also assume that the banks have independent connections to the processor, so that there
are no conflicts for the memory bus, and that the processor can execute up to 2 memory
operations in a given cycle. However, the memory operations must be executed in order.
Also make the simplifying assumption that the latency of each memory bank is one
processor cycle, so the banks are never busy handling requests from previous cycles.
Finally, assume that the processor always has 2 memory operations that it would like to
execute on a given cycle.
(i) If the addresses of each memory request are very random, how many memory
operations will the processor be able to execute each cycle on average?
(if) If each memory bank returns 8 bytes of data per request, and processor cycles are
10 ns long, what is the peak bandwidth (in bytes/s) of this memory system, and
what is the bandwidth that it will achieve on average?
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(b)

Most systems allow programs to allocate more memory to its address space during
execution. Data allocated in the heap segments of programs is an example of such
allocated memory. What is required to support dynamic memory allocation in the
following schemes?

(i) Contiguous-memory allocation
(i) Pure segmentation

(iii) Pure paging
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Q.1(c)

Consider the following floating point format:
15 14 8 7 0
L[ L |

) ! !

Sign bit  Excess-64 Exponent Mantissa
Mantissa is a pure fraction in sign-magnitude form.

(i) Represent the decimal number 0.239 x 213 in the hexadecimal format without
normalization and rounding off.

(i) The normalized representation for the above floating point format is specified as
follows: The mantissa has an implicit 1 preceding the binary (radix) point. Assume
that only 0’s are padded-in while shifting a field. Determine the normalized
representation of the decimal number (0.239 x 213).
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N

Explain different techniques used to increase the capacity of a cellular system.
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Q.1 (e)

Compare different communication switching techniques (circuit switching, datagram

packet switching and virtual circuit packet switching).
[12 marks]
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Q.2 (a)| (i) Explainsomeimportant performance and compatibility requirements of the optical
detectors.

(i) When 3 x 10 photons each with a wavelength of 0.85 um are incident on a
photodiode, on average 1.2 x 10" electrons are collected at the terminals of the
device. If the device is operating at a wavelength of 0.85 um, then calculate the
incident optical power required to obtain a photocurrent of 2.5 pA.

[10 + 10 marks]
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Q.2 (b)

A QPSK signal is transmitted by satellite. Raised cosine filtering is used with a roll-off
factor of 0.20. The minimum required [E,/N,] at the receiver input to receive the data
satisfactorily is 9.6 dB. The total link losses amount to 200 dB, the receiver [G/T] is
32 dB/K and the transponder bandwidth is 36 MHz. Determine the maximum data rate

that can be accommodated and the minimum [EIRP] required at this data rate.
[20 marks]
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Q.2 (c)

(i) List the major characteristics of CISC and RISC architectures of processor design.
(ii) Consider the sequence of machine instructions given below:
MUL R5, RO, R1
DIV Ré, R2, R3
ADD R7, R5, R6
SUB R8, R7, R4
Here, RO to R8 are general purpose registers. In the given instructions, the first
register (from left) stores the result of the operation performed on the second and
the third registers. This sequence of instructions is to be executed in a pipelined
instruction processor with the following 4 stages:
Instruction fetch and decode (IF), operand fetch (OF), perform operation (PO) and
write back the result (WB). The IF, OF and WB stages take 1 clock cycle for any
instruction. The PO stage takes 1 clock cycle for ADD or SUB instructions, 3 clock
cycles for MUL instruction and 5 clock cycles for DIV instruction. The pipelined
processor uses operard forwarding from PO stage to the OF stage. Determine the
total number of clock cycles required to execute the given sequence of instructions.
[8 + 12 marks]
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Q.3 (a)

If a CPU issues one memory request for every instruction and the computer runs at
200 MIPS, about how many CPPUs will it take to saturate a 400 MHz bus? Assume that a
memory reference requires one bus cycle. Now repeat this problem for a system in which
caching is used and the caches have a 90% hit rate. What cache hit rate would be needed

to allow 32 CPUs to share the bus without overloadmg 1t7 Qeeec
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(i) Whatis a transaction in database? Explain its properties with an example?

(if) Explain how to check conflict serializability and view serializability of the following
schedule:

S 1y (X) ; 1a(Y) s 7(X) 5 1Y) 5 1o(Z) s oY) s wo(Z) 5 14(Z) 5 wy(X) s 0y (2)
[15 + 10 marks]
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A fiber optic link has to be constructed by joining cables each with a length of 0.5 km
and an attenuation of 4 dB/km. Cables are connected with splices, each giving a loss of
2 dB. The coupling loss at each side of the link is 1 dB. An LED with emitted power of
1 mW is used as the source and an APD with sensitivity of “~100 dBm” is used as detector.
If a system margin of 4 dB is required, then calculate the maximum possible length of
the link, without using any repeater.
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Q.4 (a)| A satellite system has the following parameters:

Parameter Uplink Downlink
[EIRP] 54 dBW 34 dBW
[G/T] 0 17 dBK™
[FSL] 200 dB 198 dB
[RFL] 2dB 2dB
[AA] 0.5 dB 05dB
[AML] 0.5dB 05 dB

Calculate the overall carrier-to-noise spectral density ratio of the system.
[20 marks]
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Q.4 (b)

Write a C program to delete duplicate elements from an array.

[20 marks]
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Q.4 (c)

A datagram network allows routers to drop packets whenever they need to. The
probability of a router discarding a packet is “o”. Consider the case of a source host
connected to the source router, which is connected to the destination router, and then to
the destination host. If either of the routers discards a packet, the source host eventually
times out and tries again. If both host-router and router-router lines are counted as
hops, then what is the mean number of
i} hops a packet makes per transmission?
(ii) transmissions a packet makes?
(iii) hops required per received packet?

[20 marks]
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Q.5 (a)

Section B : Signals and Systems-1 + Electronic Measurements and Instrumentation-1

+ Electromagnetics-2 + Basic Electrical Engineering-2

(i) By using appropriate Fourier transform properties, find the Fourier transform of

gty =te Ml
(ii) By using the result of part (i), along with the duality property, determine the Fourier

4t
transform of y(#) = ———.
v (1+if2)2
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[6 + 6 marks]
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Q.5 (b)| The system shown in the figure below is formed by connecting two systems in cascade.

The impulse responses of the individual systems are given by,
hy () = e u(f) and
hy () =2 u(t)

________________________________________

(i) Find the impulse response h(f) of the overall system.
(i) Determine whether the overall system is BIBO stable or not.

) h, (¢
AEY= hiE) # h(t)
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[6 + 6 marks]
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Q.5 (<)

The coil of a moving coil voltmeter (20 mm long and 10 mm wide) has 100 turns on it.
The control spring exerts a torque of 200 x 10 N-m, when the deflection is 100 divisions
on full scale. If the flux density of the magnetic field in the air gap is 1.0 Wb/ m?, estimate

the resistance that must be put in series with the coil to give one volt per division. The
resistance of the voltmeter coil may be neglected.
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(d)| A 15 m length of 300 Q line must be connected to a 3 m length of 150 Q line that is
terminated in a 150 Q resistor. Assuming the lossless condition for the air dielectric
lines and operation at a fixed frequency of 50 MHz, find the value of Z; of a quarter
wave section which is used to match the two lines to get a VSWR =1 on the main line. If

no quarter wave transformer is used, what is the VSWR on the main line?
[12 marks]
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Q.5 (e)

A three phase synchronous motor of 1000 kW and 6.6 kV has synchronous reactance of
10 © per phase. The efficiency of the motor is 90%. Neglecting armature resistance,
determine the minimum current and the corresponding induced emf at full load.

[12 marks]
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Two resistors R, and R, are connected in series and then in parallel. The values of
resistances are

R;=100+0.122and R,=50+0.03 Q
Calculate the uncertainty in the combined resistance for both series and parallel
arrangements.

RE___CI"-/:_ Ql’ + R‘l— .
3 éfsf?e,@ . éE_f\'j + E’; 5}_&; —(D
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Q6 (b)

A square waveguide operates at 4.5 GHz in the dominant mode. If the group velocity of
this wave is determined to be 1.8 x 10° m/s, then calculate the largest dimension of the
waveguide. Assume that the waveguide is filled with a dielectric material of relative

permittivity 2.50.
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Q.6 (c)

A 240 V shunt motor has an armature resistance of 0.2 Q and takes armature current of
20 A on full load. The electromagnetic torque being constant, by how much must the

flux be reduced to increase the speed by 40%?
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- A system with input x(f) and output y(#) is characterized by the following differential

equation:

L) , 6490 51 0
+6 +11 +6y(t)=x(t
(i) Evaluate the zero-state response of this system for the input, x(f) = e~4u(#).

(ii) By considering the following initial conditions, evaluate the zero-input response

of the system for f > 0.

op, WO g BB
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Q.7 (b)| A resistance, with approximate value of 80 Q, is to be measured by voltmeter-ammeter
method using a 1 A ammeter having a resistance of 2 Q and a 50 V voltmeter having a
resistance of 5000 Q.
(i) Suggest which one of the two possible methods should be used?
Supposing in the suggested method the following measurements are made:
I=042Aand V=355V
Calculate the true value of the resistance.
(ii) What is the resulting error if the accuracy of the instruments is +0.5% at full scale
and the errors are standard deviations.

(> (|

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

A vertical Hertzian dipole radiates 1 kW power. Find the electric field and Poynting
vector at a distance of 10 km from the dipole in the horizontal plane passing through
the dipole. What is the direction of the electric field at the observation point?
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Q.8 (a)

(i) What do you understand by a distortionless line? Derive the necessary conditions
to make a line distortionless.

(ii) For a transmission line, the primary constantsare R=0.2Q/m, L=03 uH/m, G=0
and C =15 pF/m. Find the phase and attenuation constants of the line at 900 MHz.
[12 + 8 marks]
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(b)

A 20kW, 400 V DC shunt generator has no load rotational losses of 800 W. The armature
and shunt field resistances are 0.3 £2 and 200 Q respectively. Determine the input power
and efficiency of the generator. Also calculate the maximum efficiency and the

corresponding output power.
_ [20 marks]
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Determine the impulse response h(f) of an initially relaxed LTI system from the following
facts:

2t

(i) When the input to the system is x(f) = %, the output is y(f) = —¢" .

| =

(if) "h(f) satisfies the differential equation, d’;(:) +2h(t) = e‘4tu(t)_ bu(t) -

Where b is an unknown constant. Your answer must not contain any unknown constant.
[20 marks]
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