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6.02 Digital Communication Systems—Spring 2009

Quiz 1 - 7:30-9:30pm (Two Hours)
Thursday, March 5, 2009

Check your section Section Time Room Rec. Instr.

1 10-11 13-5101 Chris Terman

2 11-12  13-5101 Chris Terman

3 1-2 5-233  Mythili Vetukuru

4 2-3 5-233  Mythili Vutukuru

5 -2 38-166 Vladimir Stojanovic
6 2-3  38-166 Vladimir Stojanovic
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Directions: The exam consists of 6 problems on 10 pages. Please make sure you have all the pages.
Enter all your work and your answers directly in the spaces provided on the printed pages
of this exam. Please make sure your name is on all sheets. DO IT NOW! All sketches must
be adequately labeled. Unless indicated otherwise, answers must be derived or explained in the
space provided, not just simply written down. This examination is closed book, but students may
use one 8 1/2 x 11 sheet of paper for reference. Calculators may not be used.

The probability density function for a zero-mean unit standard deviation Normal(Gaussian) ran-
dom variable is:

fx(z) = \/12—7?6%2

The cumulative distribution function for a zero-mean unit standard deviation Normal(Gaussian)
random variable is:
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(x) E/ ——e2 dE
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Please leave the rest of this page blank for use by the graders:

Problem | No. of points [ Score | Grader |

1 5
2 10
3 17
4 24
5 24
6 20

Total 100
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Problem 1 (5 points)

In the following plot of a voltage waveform from a transmitter, the transmitter sends 0 Volts for a
zero bit and 1.0 Volts for a one bit, and is sending bits with with a certain number of samples per
bit.
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1A. (2 points) What is the largest number of samples per bit the transmitter could be using?
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1B. (3 points) What is the sequence of bits being sent?
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Problem 2 (10 points)

The input sequence to a linear time-invariant (LTI) system is given by

z[0] = 6,
z[1] =1,
z[2] =1 and

z[n] = 0 for all other values of

and the output of the LTI system is given by

yl0] =1,
y[l] =2,
y[2] = 1 and

y[nj = 0 for all other values of n.

2A. (3 points) Is this system causal? Why or why not?
System (5 AvT Cavsal Yegszp A< bot
Y (J =\ (y lecomes aonzery bebore X doc,s)

2B. (7 points) What are the nonzero values of the output of this LTI system when the input is

z[0] =0, NY}‘L) C—G.A\ﬂe, done lo}g oP.tq-u_MM M’j L][ﬂj
z%zi and Xhea c..onwl.vutjj Mvelh lhharder
z3] =1,

2:%4}=1and

z[n] = 0 for all other values of n?
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Problem 3 (17 points)

Suppose the voltage sampled by a receiver is 1.0 + noise volts when the transmitter sends a one
bit, and 0.0 4 noise volts when the transmitter sends a zero bit, where noise is a zero-mean Nor-
mal(Gaussian) random variable with standard deviation o.

3A. (4 points) If the transmitter is equally likely to send zeros or ones, and 0.5 volts is used as the
threshold for deciding the bit value, give an expression for the bit-error rate (BER) in terms of the
zero-mean unit standard deviation Normal cumulative distribution function, ®, and ¢.

Nq%c_ errors g then br=0 ) -3 Co,s)
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3B. (7 points) If the transmitter is equally likely to send zeros or ones, and §.5 volf"'s used as the g B ssm)
threshold for deciding the bit value, for what value of ¢ is the probability of a bit error approxi-
mately equal to 1 7 Note that $(0.85) ~ 5 2 (see cover page for definition of ®).

‘(- 3©@9)-F(22) - b
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o
— ‘—-Q- —
-7 = .58%
3C. (3 points) Will your answer for & in part 3B change if the threshold is shifted to 0.6 volts? Do E
not try to determine o, but justify your answer. K”_‘ = ’f" f);i“l
u a
F(L-8(38)) v 2 F(2t) /}W\ el
& 0.504 ! T J;ﬁ,—.
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& = 3Banswer, s¢ & MusT chaige
3D. (3 points) Will your answer for o in part 3B change if the trans?nuttglg twice asﬁgy to send[_ K= “‘

ones as zeros, but the threshold for deciding bit value is still 0.5 volts? Do not try to determine o,
but justify your answer.
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Problem 4 (24 points)

Consider three linear time-invariant systems, denoted I, II, and I, each characterized by their
unit-sample responses:
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There are also three possible inputs to each of these linear time-~invariant systems:

Sequence X;:z;[n] = u[n]
Sequence Xy:zq[n| = (—1)*(u[n] — u[n — 5))
Sequence Xj:z3[n| = u[n] — uln — 5]

Note that u[n] denotes the unit step. That is u[n] = 1 for n > 0 and is zero otherwise.

4A. (12 points) Which system (I, I or IIT) and which input (X, X, or X3) produced the following
output, AND what is the numerical value of D? In addition to justifying your answer, for possible
partial credit, briefly explain why you ruled out particular combinations of the given LTI systems
and responses.
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Problem 4 (continued)

I

Consider the same three linear time-invariant systems as in 4A, denoted I, IT, and III, each charac-
terized by their unit sample responses (repeated here for your convenience):

)

There are also the same three possible inputs to each of these linear time-invariant systems {again
repeated here for your convenience):

Sequence Xi:zy[n] = uln]
Sequence Xy:za[n] = (—1)"(uln] — u[n ~ 5])

Sequence Xgz:z3(n| = u[n] — uln — 5]

4B. (12 points) Which system (I, I or III) and which input (X7, X, or X3) produced the following
output, AND what is the numerical value of D in the plot below? In addition to justifying your
answer, for possible partial credit, briefly explain why you ruled out particular combinations of the
given LTI systems and responses.

D

—

P

| S

!

Cwlra
1

i-*.—'

ylel=

1-1~4-4

-\-1 .L*-é-;—lt Vel

Net %, with any-l:{ﬂqj

fon Fefo ‘F‘Ol‘g\)@h

NotT X; worh ke

T °Chp

Mweays pos Tive

Not x,

w ¥l

Ay

ho

wg [2-13
t 4%

41
ndj

e ———

or 0 never

heg qiy Je.

Xz w i kg




6.02 Spring 2009: Quiz 1

Problem 5 (24 points)

This question refers to the LTT systems, I, IT and III, whose unit sample responses were given in
questions 4 (again repeated here for your convenience):

NAME: Sﬁ/[ K@\/

.30

..................................

In this question, the input to these systems are bit streams with eight voltage samples per bit, with
eight one-volt samples representing a one bit and eight zero-volt samples representing a zero bit.

SA. (12 points) Which system (I, IT or III) generated the following eye diagram? To ensure at least
partial credit for your answer, explain what led you to rule out the systems you did not select.

0.8

13

0.4

22

0.0

10

T

BJS'L h.\‘le;.? ‘Smwlgj
cab onlY be_ l’I.

_L‘j]'_ w oold have 4
Mse 1JDJ:L)0\

L\m W’WbQ hWave

o Ytea sample

A'lSO NQ i'_L__,

K.

Al sequences
prodvece come ST

bor osly U hag
G, e;\ﬁ-‘%’!‘e.me.h( b‘”‘rtw

IsX



6.02 Spring 2009: Quiz | NAME: 3 Q l K&V
o

Problem 5 (continued)

This question refers to a fourth LTI system whose unit sample response, Ay [n] is given below:
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where, just like in problem 5A, the input to this system is a bit stream with eight voltage samples
per bit, with eight one-volt samples representing a one bit and eight zero-volt samples representing
a zero bit.

5B. (12 points) Determine the voltage level denoted by D in the eye diagram generated from the
system with unit sample response Ay [n].
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Problem 6 (20 points)

Consider a transmitter that encodes pairs of bits using four voltage values. Specifically:

00 is encoded as zero volts,

01 is encoded as ! /3Vi,n volts,

10 is encoded as 2/3V3g, volts and
11 is encoded as Vj;gp volts.

For this problem we will assume a wire that only adds noise. That is,
y[n] = z[n] + noise[n]

where y[n] is the received sample, z[n] the transmitted sample whose value is one of the above
four voltages, and noise[n] is a random variable.

Please assume all bit patterns are equally likely to be transmitted.

Suppose the probability density function for noiseln] is a constant, K, from —0.05 volts to 0.05
volts and zero elsewhere.

6A. (3 points) What is the value of K?

Tk O.\el(: area =1 ('P"ol"poq'P)
— ; {}(: Lo
-0.08 0.06

Ool WU)Q.%

6B. (3 points) What is the smallest numerical value for Vhign, such that a threshold detector can
determine the transmitted bit pair from y[n] WITHOUT ERROR. Assume the threshold detector
needs a forbidden zone of 0.1 volt.
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Problem 6 (continued)

Suppose now Vpigr, = 1.0 volts and the probability density function for noise[n] is a zero-mean
Normal with standard deviation o.

6C. (7 points) If & = 0.001, what is the approximate probability that % < yn] < %? You should
be able to give a numerical answer.
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6D. (7 points) If & = 0.1, is the probability that a transmitted 01 (% volts) will be incorrectly

received the same as the probability that a transmitted 11 (1.0 volts) will be incorrectly received?
Explain your answer.
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End of Quiz 1!
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