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TPhe thesis eims 2ot icvestizating the prebabilitics

(&

cTigtic

in

of zecroa of reondom procesSszs TLC Ghosir charsc

which bhave meuny applicsticos 1o comzunicstioe to.cry. IU

s1so 2ims et preparing cowmpub.r prograc for ®he probebilisy

density Tunction of the laborvel Detwesl o ZoIB zi the

aorm2]l resndom process.

Th. thesis is composed of 2n iatrecuctiozn sz four
chepters, The first chapber i-tpoduces the probebllity
distripution fuascoioz of ziros zad tholr expectced nuaber

for 2 rzndomn process.

Tn the sccond chapter we discuss the probebilisy
deneinv function of ot intervsl befwésn m Zercs Lor the
¢es. of = genersl random pProcsss.  AlSC Tou prozecilicy

A

of gx2etly ¢ ozercs ic £ osuell tlie dztervel 1s Iovistizated.

ih
H

T Gtrhe Enird cneptoer, o c.ngidered ths zor.2l rsndon
process,y i.s. the saussisn procuss, and obgzincc .

desirsd probability (the prebroililt

~ zeroS ) in 2 form of =u inlinite ssries. I.o Iirst Uhroe

terms arc eagily evslusted. .oe I urbz term 17Viives B
“oureveriate intecsr~l, wilcs ¢on 40U be expresssu 1o @
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closed form,

We reduced this imteerel to 2 dourtle integrzl
thet ie more suibzitle for aumesricel computations. Then we
srote

# ¥ort 2 program to Compute tzis integrzl.

\

Finelly ire chspter four, se ccusidered @ rendonm

rocess_with 2 special covarizaoee fuaction, =nd o
P h 3

(=g

81}

ins
twe

]

%
the prooobility decsity fuzxction of che iatervel botis
any succassive zeros.

=3
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INTRODUCT ION

The problem of investigating the probabilities of
zeros and reslsted characteristics c¢f random processes was
first brought iatc attention by Ricc [11}. Enowledge of
these characoeristics iz communicefioa theory helps to coun-

trol the noise associated with the btransmission of sigrals.

Longuet-Higgins | © | obtained an infinive series represents-
tion for the probability deasity ci the interval between m
geroes of a general random process. Wong [12] obtained suech
a probability for s randon process with & special covariance
function, Cthers 2lso obtained sprroximate expressions fer

such probability (see Blake [ 1] ).

The first chapter deals nzinly with Rice's model.
The expected nucber of zeros iz the interval (t1,t2) are
obtained for 2 wave funcilon wics random axzplitudes in the

10Trm
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wnere P(E, n35) 1s the probsaviiicy Lensity function for the

two variables

Nt
1

F(al,az,...,aﬂgt)

——bF
-5t !

where & ,52,...,av agre random variables.
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ii.

Also in this chapter the problem of aetermining the distribu-
tion functiorn for the distancs between btwo successive zeros
is discussed.

In chapter two, we obtained the probability density of
the interval <t between the ;5b and (i+m.+1)Eg zeros of the

gsnsral randon process f(t), which was investigsted by
Longuet-Higgiss {6] y in the form-
[0s) . .
- y: o_o42il 5
Pm( ©) = (m+1) i§o (=) ilm+i4dd j{11!-5-.2-0-23'.;x:1+1-v-2:i '

where

X, 5 = jj)f "’: f Stpdtye..dt, 5
by {t, (onn (B ’

which repressnis the conditional probability that each of the
{n-1) incerveals (ti,ci+dti),i = 2,%5e4.,03 contain zzro—

crossing with the epprropriate sign up-crossing or down-

crossing (1.9, plus or mious) of the random proecess . (t)

¥

given that 1t has an up-crossing &t t.. & denote zax

seguence ©f & siznse, plus or wiaus, the first being :lus,
end s deaote the number of times -:.&% the sequence 5 changes
sigo.

Anovber forz of F_{ 1) dus to Ric. {11] ie elso cbtezined

m

in the forz

5

_ ‘_(U.’-{-i\ -r .
(=) Y17 T 241

0

.

1
o
[T ]

(@)

wnere I is releted ¢ KD £ by tbe relation
[ ¥
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- n-1
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4Also, in chapter two, the probability of exsctly n zeros

in & small time interval is invcsefigsted.

In chepter three we apply lLoaguet-Higgin's model to
an importsant special case of & random process, i.e. the
normal random process denoted by X(t). The importance of
this specisal case stems from ite applicebility in communica~
tion theory.
The trestmeat of the normzl randor process leads to en
th

infinite series, where the n— tsrz of that series involvss

the integral

© © @ o
iy = oj'oj'...of X Xgee e Xy Z(x,¥") dxy dxy...dx

where Z(x, v) is the ordinery normel probability demsity in

the n variebics Xy with ths eovariznce matrix (v 5 DF:
L=

i,.:o - l,:’;,...,[’l.

Tre firet tore of Shet serize wes cobteined in tne fero

=
~

+

s

i

—
—~~
1
P

1

o)

o
which w3e takes by Rice [1ljes 2o sprroxication to the
probebility Zunction of tne inGarvael between successive

zero-crossings of 2 randor (noiss) process, where

is Ghe coviriaaee fuaction of X{(o).
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iv.

The second end third terms in %oz infinite series involve
well known integrals thst were discussed by Nabaya [10]
and Xamzt{ 5.

The fourto verm involves a four-variste integral in the form
4

™ 0 W @ 1 2‘—1 vVij ¥ *:

j j f f s 1dF 0¥y dx, d¥y dx,

o/ o/ 07 0
where vij ig She covariarce funcitica of the two varisbles
X5 zad XJ » 1,0 = 1,2,5,45 1 # j =znd Vig = L for i=1,2,3,4.

So far no closed forwm for thev incegral is given.

In this chapter we reduce tuls irnceiral to z double integral

that 1is wors suiteble for numerical computations, in the

foro
/& ! c.. - e
/{ngz /2593 oy | Verted T =R - MAgd ]
4(l+20-¢3 . -
o] o} (1+2 e ) ,/1*2,1_132
where
G o= ao,y6.) =9, .0 Cofan Vo, C.Cafot Yo.C S~&
g 12727375 i Te 272 237273 ?
= & e = L, CAC. . ~E 2 = ~
B o= slesimzd = vy, 2%y + Vo CpS3 v V3, 8
angd
ci:c:s Gi s Ei = gin =5 1 =2,5.

L4v]

Thies dauble inc:zgrael is Tfupeticn ¢f the covariance matrix

( Viﬁ)' by ta2hing special valucs for the covarliance functions

1

involved, such ae
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Y =t caa -}-{3#—%;

Z _
7o Yoy o1 Yz =

tbe double inbegrzl is evaluated using ap IBM 1130 Compuber.

Finally in chapter four we investigate some very interest-

ing rcsulte of Wong [123 . He ccusidered & random process

with & specific covarisnce function in the form

W =2 WE oy el

He also obtazined the probability function of the interval

between succ¢essive gzeros in 3 closad forp.
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CHAPTER I

THE DISTRIBUTICN CF ZEx0S Al THEIR E{PRCTED NUMBER FOR
4 RARDOL PROCESS

Introduction :

In what follows we discuss some of the results obtezined
by Rice [11], then in the following chapters we point out
the relstionships between Rice's results and those of
Longue t-Higgins [ 6 ], wong [12], icFadden [7]and Kac {&].
¥e shall show that the probability distribution of the
noise curreunt Geunoted by X(t), is normslly distributed with
mean zero exd stendsrd devietion v ¢, , where ¢, is the
correlation function of X(t). Also we shall obtain ths
joilnt distribution function of X{t) 2nd X(t+ t).

in secbion two of thie chropter we cobteined the

probebility Sheot X{(t) will have z z.ro in the interval

<t

T

N

y 5. +d

1
-

) nd conssgueatly taos lxXzected oumber of zoros

3
-

ic boe ifaotesrvel \Gl,u,} ie =zlsc outainsd.
=

intervel (1, t+¢ 1) with =z negotive slope, given thet it
pesses torough zure at © = o with 2 positive slope., A4lso
we examined Sho behzviour of this cocditionsl probsbility,

for the regicn of sm2ll spacings botwocen the zeros.

Central Library - Ain Shams University



- 2 -

I-1) The distributiow of the noise current X(t) 3

Rice [11] considered the random noise, which arises
from the sbob ceffect in vacuur tubes or from the thermal
agitation of clectrons in resistors.
In wbat follows we are concerned with the probability distribu-
tion of X(t) =nd the joint distribution function of X(t)

and X(b+ T )

The noigs eurrent cag be represented as

() = n; (2, cosw _t + b sinw t),
where w_ = 28wf_ , £ = a(Li) (I-1.1),

ol )

bl

o
2, 2a0d by ars teken to be indepcudent rendon variables whieh

ar¢ deviation

(o7}

ar: oormelly distributed wit: zuro mosn and stan

/ ;(fastf) . wl f) is the pow-r spsctrum of X(t). Since

2 =sad b, arz oorzally distributzd, so arc a, Ccosw t ~nd

Ihe exyecset velus of £{t) 1s 2vro, since =(e_ ) = J(bn)zo,

ey = z c cz .
SE(Ty) = g dgaa) cos" W T - AQD:) 51n2 w T
: %
e~
= = . (f jinAnf =——3 w (£ df =
"1;_‘ ( n’ . ! ( J f L«O
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