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B.E.
Fifth Semester Examination, 2009-2010

Communication Engineering (EE-301-E)

Note : Antempt any five questions. All questions carry equal marks
Q. 1. (a) Explain and prove convolution theorem in frequency domain amd time demain,

Aas. Convolution in Time Domain :
I x(t) L= X (), then
I 20 = W)y 2y = X (w). Y (n)

u -
Proof : Z(o)= j‘ 2= ™ e

= I{.\-(: )* w1 e ™™ e

-a
+ [+ 9T | )
= [ fixante -z ije s
-y
¥4 u 1
= j.\.‘(:{ j_}-‘[f —z)c"-"'"'.rﬂJ d1

Putr~t=a,thenf =1+
A1 = o, limits will remain same

LFy a
Ziw)= I .r{:{ I}‘(u Y ort ”"’_dal_dr
4

bl 7 § had 1 3

a « _ ]
= Jl-r{:{ j-}'(a](" T e ey 1dt
—x —ut _!

= lj.‘vr(: e (]_11 u e e

-1 -
=X (w).V(w)

Convolution in Frequency Domain :
Z(n) = u]* =L 5 Z2Q) = X (21 (Q)
Putting Z{my= {n)*xin) }

T B _ 1 Z ,-.f“" if |
Now, Z(82) Z (n)e = > whniu-k),
_ i

#—ie
kg
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2Q)= i[ ix(.{- )y(r:—k}:le“-’m

] § el k-
Changing the order of summations :
[+ [+ }
2= Y x(k) D yin-k~ "
p g k- H—e-0t
UWn—k = they the above equation becomes
. [1} oL :
= Z x{k) Z y(m)e".fnlm‘*“

b0 =t =%

= Za: x(k) iﬂm)e-ﬁme-ﬁld

Ko M——(x
L1} * o
= Z Ak Jo~ M Z Hompe™ "
K- [T
Z(Q)= X (Q Y (Q)
Qo [o b i
(b) Find the Fourier transform and draw the spectrum of a gate function with period

T [ ]
3 ¢ and duration ¢ =20 e Assume amplitude is A.

Ans, 4 .
X(o)= fser o i
4 .

142 )
= J.A.e'“’”.(fr ;
= 1 =(1/20 sec —»

~i:2

A emrr 1172 '
—fe -1/2 12 > 1

=__{‘____{e‘_)"0f2 __e_im/E]
- Jn

" 2A {l? Jor i 2 —e ',‘m.-'zl
0 2j )
24 . (o)

=e—an! -
I} 2

X (0) = 4 5i0(w2)
w2

X(0)=Asin ((—‘2}
2)
Magnitude Spectrum ;

By 1's Hospital's rule { A (w)= 4 sin L(EJ
2
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Z¥{m)=0
. Y r_r).}
A == §in| —
JA ()i - ﬂm[ 2)

Now, thus function goes to zero at w =124n

Then, him Eﬁsin(g 1Al
w—0 w \ 2) T

& X(1)

p

awa AN
VAR,

Q. 2. (a) Find the aute correlation of the foltowing signals (i) sin («w,r), (i} ¢ " 1#(7) and alse
find power and energy which is applicable. ‘

AT/x

Ans, (i) sin o, = x(1)
] 'f'”r'z
Rity=— I x(:}\" (1 ~1)e
T, e

Since the period is not specified

, Fe2
R(:)=?,Tal jsinwursin[w”{ur)}dr
T—ﬂz
im 1'¢. i
I >oT ISlnwﬂfbin{U)of+l‘)o‘E)('!'f
-1i2
Since 2Zsin xsin ¥ =cos(x— y)—cos(x + v)
im T2
R(t)= - ; «T j{cos 0, T—cos( 2,1 + 0, T)] et
-T2
lin t"'fdr im ¢
T—)a&?cost T>o5 Icos{ A T)d
-T2 -T2

Since integration of 2nd term will be zero, since its integration of sinusoidal signal over one complete
cycle. That is

_ him | T:2
R(t)= I a ECOS o, 1}y
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R(1)= COS b, T

G x(®) =e™ u(p) R(t)= Ie"’u(r Je "M uls -2 )dt

s

ol
= Ic" e e ult —1)dt
0

- i
et Ie—.e‘d!

-

- Now, lets find the energy of this signals

For n(t)=e"u(t)

E= Uj'pc(r)ﬁ dr

= J‘}e"‘u(r)}‘] dt

= Ie'_l"dx
0

_e"l' 9 1
-2 2

0

Since energy is finite and non-zero, it is a energy signal.

Now, for x(t}=sinw,¢
X
t = j’|x(r )2 dt
._a

T2

= Isinz w, i
-T2
T2
- [Ihmo_f}d,
=72 2
y T2 Ti2
=5 -?’[T 2 -r'[jos 00!

In integration of second term will be zero since cosine wave over "full cycles”, wherein integrated is
- equal to zero,
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E '=Z
2
Hence energy is finite and non-zero, hence it is a energy signal.
Q. 2. (b) State and prove Parseval's theorem for power signals.

Ans. The theorem defines the power of a signal is terms of its fourier series coefficients, i.e.. in
terms of amplitudes of the harmonic components present in the signal.

Let us consider a function f(z) we know that
LAOE = £(1) £ (1)

Where f‘ (¢} is a complex conjugate of the function f(7) The power of the signal f(z)over a cycle is

given by
1 Fi2 5 1 T2 .
P=?_TLIf(r}I dr=?_rj:2f(t)f (r)dt

Replacing f{r)by its exponential Fourier scries

| T2 a )
P=— j f‘(r)[ ZF,,e-f”"’o']dr

T -T2 —-a

Interchanging the order of integration and summation
' o T2

1 * et g £
p=? S F, jf (£)e00 4

=ik ~Ji2

The integral in the above expression is equal to 7F, .

Hence, we may write P=3 f,F.

n—-q
a
2
= z |l
B—-a

This is Parseval's power theorem.
Q. 3. (a) A random process provides measurements x between the values 0 and 1 with a
probability density function (PDF) given as :

S () =123 -21x? +10x for 05 x <)

=0 otherwise
Determine the following :

1 1
(i):{x sﬂ & r[x >5]

(if) Obtain number k such that P[X <&}= %
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Ans. (i) Fixy=120d 21k +10x for 0Sx g

=0 otherwise
"2 '
P[X 5--]= jf{u)du
2 -a
P=[X sl] -0
2

P[X :--;]: {j‘f{u)du

/2

Butfory <0, fiu)=0

1
= I[12u3 -2t + 108 Jetee

112

NP mz]'
L 4 3 2 1/2
12_21 10 12<(¥2)' _21v2y 102 ]
4377 4 3 2 |
(12 21 10 12 21+_u_)]

=} e — e — i ——

(4 3 2 64 24 8
3'192+‘320—12+30 21 21]

|« T
- 'gg_(zmﬁ&]
|64 24

[ 580 139]

——

| 64 24
=[906-7875)
= 1185

b Py <= )
(i) P[X <k)= 5

A 1

_[ f(u}-d(u)=~i

13
2 ~21 + 10u)du =%
0

)
"2

= k
: 120! 2n0 1007
4 32
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Ut -3 -5k =)
2
K232 ~7&-5)=%
Q. 3. {(b) Define camulative function. Explain different properties of cumulative distribution
function.
Ans. The cumulative distribution function for a discrete random variable is defined as
F(X)=P(X sx)=) f(u) -0 <X <m
[
If X can take on the values x;, x5, X3.......... x,, then the distribution function is given by
0, ~-t £3 <X
(x), X <x<x
Feh= flx { 2
Fle )+ fx, ), Xy &y <X,

Sl )+ fa M fix, ), x, Sx<x
The cumulative distribution function for a continuous random variable is defined as :
Flx)sP(X g x}=Pl-a <X <x)}

X

= { flaydu

At the points of continuity of f(x), the sign <can be replaced by the sign <.
The plots of f(x) & F(x)are shown as :

t 10 t Fix)

o~
]

* X » %

0 a b
(a) PDF of continuous random variable (b) Distribution function of continuous
' random variable

Since f(x)2Q the curve in figure (a) cannot fall below x-axis. The total area under the curve in
figure (a) must be 1, and the shaded area in it gives the probability that x lies between a & b ie..
P(a <x <h) The distribution function F{x) is a monotically increasing fonction that increases from 0 10
1 as shown in figure (b).

Q. 4. (a) Why is Gaussian distribution is most widely used? Explain.

Ans. Gaussian Distribution : This is the most important continuous probability distribution as
most of the natural phenomenon are characterized by random variables with normal distribution. The
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importance of normal distribution is further enhanced because of central limit theorem. The density
function for Gaussian distribution is given by

1
Ll

Where. p & o are mean and standard deviation, respectively. The properties of normal
drstribution are '

iacit el
¢ s -a<X<Q

mean =p & variance = o’

The corresponding distribution function is

F(x)=P(X sx}= Jl_ ]’e-t?-mzhazdv

ovan

l 17 ~(v-m1¥/20
e | dv
2 chZnt;[

Let Z be the standardized random variable corresponding to X. Thus, ifZ = I7E then the mean of
o

Z is zero and its variance is |, Hence,

f(z)ﬂie":!/2
T

N

f{=}is known as standard normal density function. The corresponding distribution function is :

F(z)=P(z Sz)=~—JI;- ]-e'“z/zdu

n

I
1
Al +—l Ie"" /za‘u
2 Jing
The integral is not easily evaluated. However, it is related to the error function, whose tabulated
values are available in mathematical tables. The error function of z is defined as
2

etz = _ﬁ ]e'“zdu
0

The error function has valees between 0 and 1
erf(B)=0, &erf(a)=1
The complementary error function of z is defined as

erfe(z)=1-erf(z)
2% .2
=ﬁje du

The relationship between F(z), erf(z) & erfef{z)is as follows :

F(z )=%[l+ e;f{%ﬂ u,.l__;m[_j_ﬂ
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The graph of f(z)is known as standard normal curve is shown as :

4 fiz)

04-1T

{ } f t -+ t — 7
~3 | 1 2 3

' 1 ) I ] )

) t I 68.27% 1 l I

' I ——pl 1 !

{ . 95.45% b :

1 Y v [

! 99.73% t

¥ 3
¥

(Standard normal curve)

Q. 4. (b) Prove that the mean and variance of a random variable X having an uniform
a+b & ol h(a-—b)z )

distribution in the interval |a, b} arem, = s Sy 5
Ans. A random variable x is said to have a uniform distribution in the region a < x < bif its density
function is ' 4 f(x)
l
— aftxsh
f(x)={b-a b-alf---
0 ohterwise
A uniform distribution is shown as
The properties are mean = % (a+b)
I , _ a b " x
Variance : B (b~-a) Uniform distribution

Q. 5. (a) Define ergodic process. Explain the difference between ergodic process and
stationary process.

Ans. To determine the statistics of the room temperature, say mean value, we may follow one of

" the following two procedures :

(i) We may fix ¢ to some value, say ¢ The result is called, random wvariable
X, S)y=X{n)1=[4,45...... A4, ] The mean value of X(#; ), E[X(#,)] can now be calculated. It 15
known as ensemble average. it may be noted that ensemble average is a function of time, There is an
ensemble average corresponding to each time. Thus, at time f,, we have

X(fz,S)zz\,(fz )=[B| " Bz ..H..‘Bm]

The ensemble average corresponding to time 1, =E[X (7, }], can also be found out. Similarly,

ensemble average corresponding to any time can be found out.
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(it} We may consider a sample function. say x; (z) aover the entire time scale. Then the mean value
of (¢ )13 defined as

. T
) _lim by
<.\,(r)>~.?,_)a r_!,"‘“’d'

Ay
\F/J—' t
A,y

‘“\

DI

B

m

A random process

Stmilarly, we can find mean values of other sample functions. The expected value of all mean
values is known as (ime average and is given as '
<x{t)>=El<x{r) >
A random process for which mean values of all sample functions are same is known as a regular
random process. ’
I this case, <xp(E)r=<xylr)>=....... =<x(t}r=<x(t) >

For some process, ensembles average is independent to time, i.e.,

ELX (1) =E[X(13)] = =E(X{(1)}

Such processes are known as stationery processes in restricted sense. If all the statistical

propertics of a random process are independent 10 time, then it is known as stationary process in strict
sense. When we say stationary process, then it is meant that the process is stationary in strict sense.

When an ensembled average 15 equal to the time average, then the process is known as ergodic
process in restricted sense. When all the statistical ensemble properties are equal to statistical nme
properties, then the process is known as ergodic process in strict sense. When we say ergodic process,
then it 1s meant that the process is ergodic in strict sense. It may be noted that ergodic process is a subset
of a stationary process, i.e., if a process is ergodic, then it is also stationary, but the vice-versa is not
necessartly true.

Q. 5. (b) Calculate the moments m, m, and §? for (i) Binomial distribution (i) Gaussian
distribution (iii) Ravleigh distribution.
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Ans. The " moment of a random variable X about the origin is defined as
' Wy = E[X ) ), r=0,1,2
The #* moment of a random variable X about the mean y is defined as
W, =E(X-W)], r=012
M, is also known as 7" central moment.
It can be seen that : o =1 pj =mean=p
y=pp+p’
Mo=1 p, =0, 1, =Vor(X)
In Diserete Case : i.e., for binomial distribution

Hy = 2%, f(x,)
& I B, =Z(xm ‘P)r f(xw)
m
From binomial expansion, we have

(X -p) = Z(—l)’"(i]X"“u“
i m=0 m

Hence p, =E[(X~-p)] _
C ml T |.m cr=nt
-E}(—n [m]u "E{AT")

3 P B
DI (T
m=0 m Lt (l)
For Continuous Case : i.e., for Gaussian distribution

= jx'f(x)dt
- |
& = Jx-n)? S

Moment Generating Function & Characteristic Function : The moment generating function of
a random variable X is defined as : :

M(t)=E[¢" ]
1242 m oy
Now, o wiwirdd A
! m!
b £2x? X"
M()=Ele” 1=E[1+tX + Foreerennd Foieren
2! m!
2 " v
=l+rE(X)+t—E(XZ)+......ﬂ£—2+ ......
2! ©om!
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2 w,
-l+tu’,+r—p2+ ........ -l-Jr Lo
m!
Differentiating about equation w.r.t. '¢ and then putting. ¢ =0, we get
dM (¢ ;
1L =M
at .o
Similarly differentiating m times w.r.t. f and then putting f = 0, we get
d"M(1 y
at =0

Moments about origin can be found out from the moment generating function by using the above
equation. The movements about mean can then be found by using equation (i).

The characteristic function of a random variable X is defined as
Kw)=M(iw)= £ ], i=JF
By expanding this equation, as in the case of a moment generating function, it can be shown that :
7O o,
do™ | .6
Q. 6. (a) What is mutual information? How Is it related to channel capacity?

Ans. Mutual Information : The state of knowledge at the receiver about the transmitted symbol
x; is the probability that x ; would be selected for transmission. This is a priori probability P(x; )} After
the reception and selection of the symbol y, , the state of knowledge concerning x; is the conditional
probability P(x, /v, }which is also known as a posteriori probability. Thus, before y, is received, the
uncerainity is -log P(x; }

After vy is received, the uncertainty becomes

-log Px; /yx )

The information gained about x ; by the reception of y, is the net reduction in its uncertainty, and

is known as mutual information I(xll,- . ¥ ) Thus,
I(x;, yy }=Initial uncertainty ~ Final uncertainty

Yog Pix /
= ~log P(x; )={log P(x,  yy -tz 14

P(x;)
tog Plx;, ¥i) log Py, /x;)
MLl L /LI SR
P(x; YP(y: ) Py )
Thus, we sce that mutual information is symmetrical in 'x_ i &ypaie,
Ixps v b =1(yes x;)
log P(x, /x;
Thus, Ijixp)= g P( j/')':log 1
Px;) P(xj )
={I(x; )]
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Relation with Channel Capacity : The mutual information /(X; Y )indicates a measure of the
average information per symbol transmitted in the system. A suitable measure for efficiency of
transmission of information may be introduced by comparing the actual rate and the upper bound of the
rate of information transmission for a given channel. Shannon has introduced a significant concept of
channel capacity defined as the maximum of mutual information. Thus, the channel capacity Cis given

by
C=max/{X;Y)
= max[H{X }-H{(X/Y]
Q. 6. (b) State and prove Shannon-Hartley theorem.

1
Ans. For a Gaussian channel, P(x)= __._1 e-xI/ o
ng?
R L1 ]
Hence, H(x)=~ [ P(x)log P(x)ix \
: R J
But . ~log P(x)=log v2ra? +1log /2
a a
Hence, H(x)= Ip(x)logJZnaz.dxq. IP(x)log 2
- -0

This may be evaluated to yield

Hix)=log ¥ 2rec? bits/message
Now, if the signal is bandwidth to @ Hz, then it may be uniquely specified by taking 200 samples
per sccond. Hence, the rate of information transmission is
R(x)=20H(x)

=2mlog(W]‘

2
=a)log( 2rec? )

R(x)=wlog(2nec?)
If P{x)is a bandlimited Gaussian noise with an average noise power N, then
R(m)=R(x)=wlog(2meN ) (6’ =N) ..(@)
The transmitted signal with average power § and the noise on the channel be while Gaussian noise
with an average power N with the bandwidth o of the channel. The received signal will now have

average power (S + N ) R( y)is max when y(7)is also a Gaussian random process. Thus, the entropy from
equation (i) on per second basis is given as .
R{y}=wlog[2re($ + N )] bits/sec.
While the entropy of the noise is given by
R(n)=mlog(2neN ] bits/scc.
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The channel capacity may be obtained as
C = max{R(y)-R(m) /
= mlog[Zne(S + N )—o log(28eN )] '
S+N]
N

=a)log[

C= m!og[i + l:{-) bits/sec.

This equation is famous Shannon-Hartley Theorem.

Q. 6. (¢) A discrete memory less source produces five symbols with probabilities % -]- -;- %

& ilTs respectively. Determine the source entropy and inrormation rate if the syinbol rate is 10
Kbps. | |

Ans, The entropy H is ' H= 5: A log —

33103 2+ log4+ log 8+—--log 16+—log i

=(Q1505+ 01505+ 01128+ Q1505

= (5643 bits/sec,
Now r=]10Kbps

=10x10° bits/sec.

=10* bits/sec.
.. Rate of information R is

R=rH

=10° x 015643

= 5.643x 10 bits/sec.
Q. 7. (a) Prove the foliowing identities : '
() H(X, V) = H(Y/X)+ H(X)
(i) H(X, ¥)=H{X)+ H(Y)if X and ¥ are statistically independent.
Ans. The refationship between the different entropies can be established as follows :

H(,\’,Y)=—iip(x}-yk Yog P(xj, )
=l k=

=—if:}5(x-, Vi )log{P(-t,/yk )P(y& D]

Jjn k=l
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5_,1 P(x;, v )[1031"(-?;/)'& YHP(y )]

Ma ..Ma

Ztm,‘ » ¥ Mog P(x, [y Y+ P(x,, 3y )log P{yk )
| k=l

-

=H(X/Y)- f: EP(x; » Vi Yog Py, )

i=l k=l

k=i | =t

e 1
=H(X”’)"Z i.z P(-t_;v Yi }Jlk’g P{}'x )

=H(X/Y)- Py, Ylog P(3, )
k=l

aH(X/Y Y+ H(Y)
Similarly. it can be shown that
HXYY=H{Y/X )+ H(X)
For example. an cxperiment is performed 50 times, and the outcomes appears as given by the
u:quence below :

BAABBBBABAAABBAAAABABBABAABABAAABBAABABBBABABBAA

It is seen that n=50,n,=26 ng =24, n,g =14, ng, =15
The different probabilities are ag follows :
" 26 n 24
P(AY=2L =2 poo=-8 0
A== [im=3 50
pABy="28 14 pgyy Pes 13
n 50 . n 50
n 14 " 15
P(B/A)=-28 =__  p4/B)="84 _ =
Now P(AB)=P(A)P(B]A)gives
«l-iz-zfx -l-i Hence verified.
56 50 26
& P(BA)Y=P(B)P(A/B)gives
E_?i 2 , hence verified.
50 S0 24

Now, let us consider a situation where the probability of the event & occuring is independent of the
event A. Such a situation would be true n the two-card problem is the first card were immediately
replaced after having been drawn.

In this case then P(BfA)=P(8)

implying that the probability of event B is independent of event A
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P(AB)=P(A}P(B)

Similarly when probability of event 4 occuring is independent of event B, then
PA/R) -PC4) o

Implying that the probability of event A is independent of event B

P(BA}=P(B)P(A)

P(AB)y=P(BA)=P(A)P(B) _
The two events A & B are said to be statistically independent events if their probabilities satisfy

the above equation.

Q. 7~ (h)’ST;;; and explain central limit theorem.

Ans. Central Limit Theorem : We know that both Binomial & Poissen distribution goproaches.
normal distribution as the limiting c_a_gctlhu.sugggsjs that the sum of independent random variables will

aiso ‘approach gg_m_almsmhuuon_lihe central limit theorem gives a statement in this direction which

stales that .

The probability density of a sum of ¥ independent random variables will also approach normat
distribution. The central limit theorem, the.mean & variance of the normal density are the sums of mean
and variance of N mdependem random variables. For example,

The electrical noise in commumcatmn sys;em is due to a large nymber. nﬁ%
charged paguicles,

Hence according to ceqtral limit theorem, the instantaneous value of naise will have 8 normal..
distribution. As binomial distribution has retationship with both Poisson and normal distribution, one
would expect that there should be some relationship between Poisson and normal distribution, In fact it
is found to be so. It has been seen that the Poisson distribution approaches normal distributionas A — «.

If  is large and if neither p not g is too close to zero, then the binomial distribution can be closely
approximated by normal distribution with standardized random variable is given by

X ~np

) e

In practice np 2 5 and ng 2 5 gives satisfactory performance.
Q. 8. Write short notes on any two :

Z=

(i) Cross Correiation function
7 Optimum filter

(iii) Error functions -

Ans. (i} Cross Correlation Function : The correlation, or more precisely cross-corrclanons :
between two waveforms is the measure of similarity between one waveform and time-delayed version of
the other waveform. This expresses how much one waveform is related to the time delayed version of the’
other waveform when scanned over time axis.

The expression for cross-correlation is very close to convolution. Consider two general complex
functions f, () & f,(1) which may or may not be periodic and not restricted, to finite intervals. The
cross-correlation or simply correlation R, (t)between two functions is defined as follows :
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Ti2

Ria(0)= M0 [0 fs (e vde
-T2

This represent the shift of function f;(7 )by an amount ~1 (i.e., towards left). A similar effect can
be obiained by shifting £ (1) by an amount +1 (i.e., towards right), Hence, correlation may also be
defined in an equivalent way. as

; 12
Rip(9)=p [ fi-n)f (e

T—a
~Ti}

Let us define the correlation for two cases (i) energy (non-periodic) functions & (i} powes
{penodic) functions. In the definition of correlation, limits of integration may be 1aken as infinite for
energy signals.

Ry (t)= jfl (£)/2 (i 4Tkt

= [AU-0f (e

For power signals of period T),. may not converge. Hence, average correlation over a period 7y is
defined as :
1 Tpi2
Ryy(t)y=— If,[.')jz (r+1)dt
To ~To/2
y Top2
== [fite-0s ()
0 -rof2
The correlation definition represents the overlapping srea between the two fun :tions.

(ii) Optimum Filter : In the receiver side, the signal is passed through a filter.‘lt is important to
known whether the filter is an optimum filter which gives the minimum probability of error.

If the input is S, {#), the output
' V,(T)=5,, (T)+n,(T)
Gaussian noised

()]

S
s.(z)] Vol® Samie vem o oy (T) 40, (T)
Ok every T sec{ a.(T) = or
S, (t}f ) Sﬂzm+nom
Receive of a binary coded PCI 1
S, (T)+8,.(T
The decision houndary is, therefore _3_1_(___}__2___?_2__(__?

An error will occur if at the sampling instant, the noise n, (T) is positive and larger than
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S, (T)-S (T
*;fs o (T1#8,,(TH)=8,, (T') or S (1)-5,(7)

Thus, an error will occur if
8 o (T)=5 ) (T)

n, Mz
L { ) 2
Hence. the probability of error is
“ AL
P, = e, (T')

Soy (T3 80y (T) \2ro)

2
a
2
iy i e dx assumingx=""(n
2R, (1) 5T Jio,

S"| (T)_Soz {T)
220,

P, decreases 'as[

v 5o (D=5,

2

2«/500

P

% , ,ﬁ[so,(r)—s‘,, (T}]

} increases. The optimum filter is the filter which maximizes the ratio

(iii) Error Function : The probability density of the noise sample n, (I'}is Gaussian as shown

below. Hence
F

M n (TH

2yl
T

VT

A

i3

Probability density of noise sample n(T)

-n2(T)/262

Sn, 7)) = ——r

2na

Since at the end of bit interval, §,T = —-—VT--, an error will occur only when s (T)2 —
T T
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Po= [fla (T)dn (T)

N TS
w v ‘
= _f =, (T)
* P 2no,

[V}
2
P, «_—_!,(i I e™" dx =—1€ff£'(V\!Tf’”

2 VS 2

e=F T

2 ¢ 142
VI .
=~]erfc T =19’ﬁ“i é]

2 rl 2 Y rl 4

Also, at the end of the bit interval,

SO(T)=E(foral)
T

Hence an error will occur if #, (7)is negative and is of a greater magnitude than —. This esror of
T

probability is gtven by shaded area 2 in the above figure. The graph ofP(e)V/SE indB is shownas:
. i :
Pyt
0.5+
w0+
1072 +

0T

1074 T

et o
A-‘-
= -]
x5
¥ ]

1073

Note than P. decreases rapidly as Ei increases.
bl

The maxinum value of £, is 1/2. Thus, even if the signal is lost in the notse, th¥ receiver cannot be
wrong more than half the time on the average.
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