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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block: I t al i c  Transliteration Block Italic Transliteration

A a A , a F p P p  R , r

5 5  B, b C c  C c  S, s

E s  B S V , T T T m T, t

r i G , g  Y y U , u

D , d F, f

e E a Ye , ye; E , e* ~ x X x Kh , kh

~ Zh , oh A ~ U q Ts , ts

-~ 3 3 S Z, Oh , ch

H U I, .L ~J w 21/ w Sh , sh

R ü Y , y A U4 £~ iq Shch , shch

K x :K, k

f l ’  L, 1 b~~ w Y , y

M M  :.:, n

::, r~ 3~~ . 9 S  E , e

o 0 0  O , o ~J~~a K) o Yu ,yu

~~~ f i n  ?, p  i R c ~ H a Ya ,ya

*~~~~ ~.ri~ tia1ly, after vowels , and after i~~, ~~; e elsewhere .
;h e n  .:ritten as ë in Russiau , transliterate as y~ 

or è .
The use  o~ diacritical marks is preferred , but such marks
r~.ay be :~ it;ed when expediency dictates.

GREEK ALPHABET

Alpha A a e Nu. A~ V

Beta B ~ Xi E

y Omicron 0 o

D el t a  6 Fl fl i

r s f lcn  E e s Rho P p •
:~~ta  Z ~ Sigma

H n Tau T t

Theta 0 ~ 3 Upsilon I u

Tota I i Phi c ~
::appa K fl K Chi X x
Lambda A A Fsl

~ Omega w
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RUSSIAN AND ENGLI SH TRIGONOMETRIC FUNCTIONS
Russian English

sin sin

cos cos

tg tan
ctg cot

sec sec

cosec csc

sh sinh

ch cash

th tanh

c t h  co th
sch sech
csch csch

arc sin sin 1

arc cos cos~~
arc tg tan~~-.1
arc ctg cot

-.1arc sec sec

arc cosec csc 1

arc sh s!nh~~
arc ch cosh~~
arc th t anh~~
arc c t h  co t h ~~
ar c sc h sech~~
arc csc h csc h~~

rot curl
log
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B R O A D B A N D  R A D I O  C O M M U N I C A T I O N .

A. N . Semenov , A. A. S ika r ev .

Orders of the Bel Banner of Labor ~~~~ m i l i t a r y  p u b l i s h i n g  hous e of

th e Ministry/De partment of Defense of the tJSS R Moscow - 1 9 7 0 .

Page 2.

Broadband ralio communication. Voenizdat , 1970. 2B~ s., 10.000

copy 63 kopeckss.

Broadband rad io  com m unica t i on  of the series valuSbi? properties :

by la rge reticence and bY interferen ce shielding (in comp~ riso n with

usual radio coiumunication ) , the possibility 0f th-~ rea dou t , etc.

FTD—ID(RS)T—0l22—77
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In t h e  book , w r i t t e n  u s i ng  the  open Soviet  and  f or e ig n

m a t e r i a l s , are  e x a m i n e d  the  f u n d a m e n t a l  p r i n c i p l e s  of c o n s t r u c t i o n

and specia l  f eat u r e/p e c u l iar i t y  of b r o a d b a n d  c o m m u n i c a t i r t ; s y s t e m s ,

a re  g iven ex a m p l e s  of t he  r e a l i za t i o n  of such sys t ems, a re  s h o w n  t h e

prospects fo r  t heir further development a n d  use in r a i i o

c o m m u n i c a t i o n .

The book is i n t e n d e d  to the cadet s of  t~te mi l it a r y  sc hools ,

students of the m ilitary academies and officers of th~ t r o o p s  of

communica tion/connection. It can be also used by the wide circle of

th e  r e a d e r s, who are interested in  the  p rob lems  of t h e  o o n t e m p o r a r y

t e c h n i que of c o m m u n i c a t i o n/ c o n n e c t i o n .

I

p age 3.

preface.

In passed decade not iceably  inc reased t he  i n t e r~~st of t h ~

special ists, w o r k i n g  in  the  r a n g e  of r a d i o  c o m m un i c a t i o n , in  t h ’~
so—cal led  b r o a d b a n d  m e t h o d s  of the  t r a n s m i s s i o n  of

FTD —I D( R S ) T—0 122 — 77 
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re port/communications on radio  c h a n n e l s .  Is e x p l a i n e d  t h i s  by t he

fac t  t h a t  t h e  b r o a d b a n d  r ad io  c o m mu n i c a t i o n  in comparison w i th u s u a l

po ssesses a ser ies  of t h e  v a l u a b l e  ( e spec i a l ly  fo r  a m i l i t a r y  r a d i o

c o m m u n i c a t i o n )  p r o p e r t i e s :  t h e  h i g h  co r rec tness  of the  t r an s m i s s i o n

ot i n f o r m a t i o n  in c h a n n e l s  w i t h  m u l t i p l e — p r o n g e d  p r o p a ; a t i o n  a n d  in

t h e  h a n d l e d  s e c t i o ns  of r a n g e , by l a r g e r  s t a b ili t y w i t h  r e spec t  to

spot j a m m i n g s  and  s o m e w h a t  by l a rge r  re t icence.

In  recent  y c ir s  in  Sovie t  an d  f or e i g n  pe r iod i ca l s  ap p ea re i  t h e

la rge  n u m b e r  of w o r k s , dedica ted  t o  t h e  i n — d e p t h  i nv ? s t i g a t i o n s of

se p a r a t e  a spects a n d  to  t h e  d e s c r i p t i o n  of the

concret e/s p e c i f i c / a c t u a l  s p e c i m e n/ s a m p les of t h e  s y s t ?m s  of b r o a d b a n d

c o m m u n i c a t i o n/ c o n n e c t i o n .  H o w e v e r , the  wide  circles of the

spec ia list s  of r a d i o  c o m m u n i c a t i o n  a re  s t i l l  l i t t l e  f a s i l i a r  w i t h  t h e

f u n d a m e n t a l  o p e r a t i ng  p r inc ip le s  of such  s y s t e m s .  T h i s  is ~‘xp 1 a in e d

by t h e  absence of those  g e n e r a l i z i n g  and at t h e  same  t i m e  the

av a i l a b l e  to w i d e  c i r c l e  readers  of t he  w o r k s , in w h i c h  t h ~

p r i nc i p l e s  of t h 3  c o n s t r u c t i o n  of b r o a d b a n d  s y s t e m s  w o u l d  be e x a m i n e d

fr o m  u n it y of o p i n i o n  w i t h  the  de t a i l ed  a n a l y s i s  of t h ?  p~i. ys ica l

essence of p h e n o m e n a , a n d  also by t h e  fac t  t h a t  f o r  t h e  c o n s t r u c t i o n

of b r o a d b a n d  c o m m u n i c a t i n g  s y s t e m s  are u t i l i z e d  some s pe c i f i c

p r i n c i p l e s, wh i c r ~ a re  based on t h e  l a s t/ l a t t e r  a ch i ev em ~~n t s  of

s t a t is t i c a l  r a d i o  e n g i n e e r i n g .  
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The proposel  book mus t  to  a cer t a i n  d.?gree c o m p l e t e  t h e

i n d i c a t e d  g a p/ s p a c i ng .  In t h i s  case in it is enveloped o n l y  t h e  ba sic

grou p of t h e  q u e s t i o n s , on u n d e r s t a n d i n g  of w h i c h  d e p e nd s  t h e

poss ib i l i t y  of f u r t h e r  deeper research cn broadba nd

c o m m u n i c a t i o n/ c o n n e c t i o n .

Page 4.

In presentin g the m a t e r i a l  t h e  a u t h o r s  a p p r o a c h e d  p o s s i b l y  t h e

simp ler and mor e available interpretaticn of very complex processes

and  p r i n c i p l e s, l y i n g  at t he  base of t h e  w o r k  of t h e  b r o a d b an i

t r a n sm i s s i o n  s y s t e m s  of d iscrete  i n f o r ma t ion .  I n t o  th~ b o o k  ar~

i n t r o d u c e d  some c o m m o n  ques t ions, w h i c h  r e l a t e  to t h e  s t a t i s t i c a l

t h e o r y  of c o m mu n i c a t i o n/ c o n n e c t i o n s , w i t h o u t  u n d e r s t a nd i n g  t he  w h i c f

the  w o r k  of b r o a db a n d  s y s t e m s  c a n n o t  be co r r ec t l y  u n d er s t o o d .

I n t r o d u c t i o n , cha p ter  1 a n d  5 are w r i t t e n  by k. N. 3 e m e n o v ’;~~~~~

2 , 3 , Is — by A. A. S i kar e v ;  c h a p t e r  6 and conc lus ion  a r e  deve lope d  by

-- 
. -- ~~~~~~~~~~ . . . - . -.
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the  au thor s tog ether.

.

The a u t h o r s  express  the i r  g r a t i t u de  to a l l  comrades , who ga v e a

se rie s of usefu l  adv ice  in t h e  process of the wor k on t h e  book.

All w i sh e s  an d  obse r v a t i o n s  about  ~hc book one s h ou l d  g u i d e  to:

Moscow , K — 1 6 0 . V o e n i z d at .

Page 5.

In t ro  ~1uct ion.

Radio com m u n i c a t i o n  has  a t  present  exc lus ive ly  i m p o r t a n t  v a lu ’~

in a l l  branches  of t h e  economic and c u l t u r a l  l i fe  of our  c o u n t r y .

Stable  c o n t ro l  of troops under  condi t ions  of m o d e r n  comba t is

also u n t h i n k a b l e  w i t h o u t  the wide use of a r ad io  c o m m u n i c a t i o n .

Imp o r t a n t  place a nd  va lue  for  a cont ro l  as troops has s h o r t — w a ve 

— - - —~~~~~
.,.

~~~~~~~~~~~~ .-- ,~~~~~~~~~~~~~ - -—~~~~~~---—---—— ~~~~~~~~~~~~~~~~~~~~~~~~
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radio  c o m m u n i c a t i o n , a nd also th e  rad i o c o m m u n i c a t i o n , w h i c h  u ses

t r oposp he r i c  or ionos p he r ic  s ca t t e r i ng  and  r e f l ec t ion  f r o i  me t .~or

t rails. iJ y t he  mo st  i m p o r t a n t  and  most v a l u a b l e  p r o p e r t y  of  these

fo rms of r a d i o  c o m m u n i c a t i o n  is the  poss ib i l i ty  of the e~ ’-ab l is ! -me n t

of the  di r e c t/ s t ra i gi i t c o m m u n i c a t i o n/ c o n n e c t i o n  bet w een ~he m o ved

aw ay f rom each o ther  c o r r e s p o n d e n t s  a t  the l imi t ed  p ow~ r of r a d i o

t r a n s m i t t e r .

At t h e  same  t i m e  the  c o n t i n u o u s  a n d  who le  l ’eing accele ra t e d

inc rease in t h e  n u m b e r  of r ad io  s t a t i o n s, w h i c h  wo rk in  s c i p  b a n d ,

led to the  f ac t  t h a t  as a resul t  of t h e  large n u m b e r  of

sim u l t a n e o u s l y  w o r k i n q  radio s t a t i o n s  very s t rong ly  i n c r e a s e d  the

level of in t e r f e ren c e s , a nd t h e  p rob lem of the d i st r i b u t i o n  of

spect r u m  and r ig id  r e g u l a t i o n  of i t s  use i t  becam e d i f f i c u l t  so lved .

Under  t he se  cond i t ions  th e  solu t ion  of t h e  p rob lem of p r o v i d i i ’ y

a st a b l e  r ad io  c on m u n i c a t i o n  on sk i p band became n e c e s s a r y  t o  search

icr not only by the path of the search of measures for a decrease in

the interstation interferences by the methods of the ordering of the

organization of radio communication service, but also by means of ~he

search of such method s of radio communication s, which voul d provide

durable relationship under conditions of unavoidable pow erful

~ 

- -  .. ~~~ . ______



DOC = 77010 122 PA GE 8

interferences. In other words, besides the problem of fight with

interferences aros e the problem of providing a radio communication

under conditions unavoidable and during that sufficient powerfu l

interferences.

Page 6.

To the essential factors, which complica tes radio communication

and which lover its stability by skip band , and also when using

troposp heric (or ionospheric) scattering or reflection from meteor

trails, one should relate also the phenomenon of mu ltiple-pron ged

radiowave propagation , when emitted by transmitter signal comes into

the point of reception/procedure ofl the different paths, which are

characterized each by their phase and amplitude characteristics. This

leads to the fact tha t the signa l at the point of reception/procedure

is the vector sum of the signals, the amplitude and phase

:~ iationship/ratios between wh ich they depend on their individual

characteristics of propagation . Since these characteristics

continuously change according to random law , also the power of signal

at the input of receiver continuously changes ; these changes are

diffe rent at the Iiff~ ren t frequencies , even closely distant each

other , which leads not only to the fluctuations of lev?l , but also to 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the d isturbance/breakdown of the relat ionship/rat ios of the frequency

components in the composition of signal , i.e., to its listortion.

The tend-~ncy possible more effective to overcome the noted above

difficulties of obtaining stable radio communication led to the

development of tue fundamentally new methods of using a frequency

spectrum — the methods of the tra nsmission of informati on with the

aid of broadband signals. Information theories completel y justifies

the adv isabilit y of apply ing such signals under conditions of

powerful interferences , freque ncy “hunger ” and of multiple—pronged

propagation. More that , the broadband systems turn out t~ be

completely justified also when it is necessary to provide

communication/c onnection under conditions of the effect of man—made

interferences from enemy (damping) which, undoubtedl y is for a

military radio co~amunicati on completely necessary .

The important special feature/peculiarity of the systems of

broadband radio communication is also the fact that during their

practical use turns out to be possible under specific :oniitions of

news correspondent’ s stable reception/procedure even when with the

reception of such signals to usua l narrow—band receiver their leve l

below average interference level, i. e., when signals are found “under



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -..~~~~~~ . -- ... - .
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noise”.

Page 7.

use in the broadband radiolin k systems of the signals of complex form

(noise—like) impedes also the extraction of infor mation from signa l,

if are unknown the data on its structure. This also is gujte

significant for a military radio communication.

Broadband rad io communication can ensure the high authenticity

of reception wi th the very small fluctuations of the probability of

errors, while in narrow—band systems somet imes (in the absence of

interference on the ~jiven frequency ) the authenticity of

communication/connection will be very hig h, and sometimes very low.

This is caused by the fact that in the band of frequencies of the

narrow—band signal the spectra l density of inte rferenca~ fluct uates

strongly, and in the band of frequencies of the broadband signal it

is little affected. With the expansion of band occurs the averaqi t-Iq

of the ope rating in this ba nd interferences.

_
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Al l  advan t ages of broa dba nd sys t ems  are  caused by  t h e  f a c t  t h a t

in t h e m  w i d e l y  are u t i l i z e d  the pr inc ip les  of the s t a t i s t i c al t h e o r y

of c o m mu n i c at i o n / c o n n e c t i o n , whic h m a k e  i t possible mos t  c o m p l e t e  t.o

real ize  t h e  o p t i m u m  c o n d i t i o n s of the  recept ion of s i gna ls .

The metho d s of broadband radio communication , as a rule , are

desig ned for  the  t r a n s m i s s i o n  of discrete report/communications.

Howe ver , it  is necessa ry  to keep in mind that the technician of the

t ransmiss ion  of d i scre te  r e p o r t / c o m m u n i c a tion s h a v ~ a l r e a d y  ha ve long

it exceeded t h e  l i m i t s  of the t r ansmiss ion  o n l y  of t ex t  ( t e l e g r a p h y )

and i t  composes at  present  one of the mcst  i m p o r t a n t c o m p o n o n ’~/ li nk s

of t h e  d a t a — t ransm i ssion sys tems fo r  a remot e  con t ro l  m i  in o t h e r

r a n g e s, b u t  the  mos t  p r o m i s i n g  t r a n s m i ss i o n  sys t ems  of c o n t i n u o u s

r e p o r t / c o m m u n i c a t i o n s  ( f o r  e x am p l e , tele phone  s ignals )  t h ? y  ar~ t a s n i

also on their transformation into discrete ny the so—called

q u a n t i zat i o n . Thus , b r o a d b a n d  c o m m u n i c a t i o n/ c o n n e c t i o n  can be app l ied

f o r m a n y  f o r m s  of t h e  r a d i o  c o m m u n i c a t i on : te leg raphy , . iat a

t ransmiss ion s, te leph ony  and  o ther  met h od s of t h e  t r a n s m i s s i o n  of

in f o r m a t i o n .
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The first works, dedicated to broadband systems, were wor ks of

Peno (1952) and A. A. Charkevich (1957). Late r both in foreign and in

Sovie t literature appeared the very large num ber of works, in detail

e x a m in in g  the  d i f f e r e n t  sides of t h e  p rob lem of broadb and

comm un icat io n/ connect ion .

Broadband  r a d i o  c o m m u n i c a t i o n  in  i ts  pro pe rties a n d  t h e  m et h o d s

of tech nical  r ea l i za t ion  d i f f e r s  s i g n i f i c a n t ly f ro m t h e  u s u a l

t r ad i t i ona l  method s of radio c o m m u n i c a t i o n .

Page 8.

Most important its differences are use of signals wit h the frequency

band , considerably wide r , t h a n  t h e  band of the t r a n s m i t t ed

re p o r t / c o m m u n i c a t i o n , and the  me thods  of se lect ion , based on ~ he

appl ica t ion/use  of s igna l s  of va r ious  f o r m s  on tha t  w h i c h  transmi t

and m a t c h e d  wit h t h e  w a v e f o r m  of f i l t e r s  on r ece iv ing  ends .

Br oadband  r a d i o l i n k  systems comple te l y cons is ten t  in principle

w i t h  n a r r o w — band , i . e . ,  on just.  one section of range c a n  

~~~: •—~~~~~~~-~r-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. ..~~......_ .. .. -. -. - - _:n.nr..r:-~ 
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H si mu l t a n eo us l y wor k ihose and others, without exerting s~ rious

interferences with each other. At the same time it is necessary to

keep in m i n d  t h a t  nea r the  t r a n s m i t t e r , which  r ad ia t e s  b r o a d b a n d

sig m a is, the  r e cep t i o n of the  moved a w a y  co r responden t s , w h o  wo rk b y

n a r r o w  band , is subs ta n t i a l l y  h i n d e r /h a m p e r e d  in an e n t i r e  emission

band of t r a n s m i t te r .

The f u n d a m e n t a l  p r i n c i p l e s  of t h i s  f o r m  of c o m m u n i c a t i o n  and

pa th  of t he i r  possible  r e a l iz a t i o n  are examined  in L. M.  F i n k ’ s

f u n d a m e n t a l work “ t h e o r y  of the  t r ansm ission of d iscrete

repo r t/c o m m u n i c a t i o n s ” [36] ,  N. L. T y u e r m a l ’ s wo rks  :33 1, A. G .  Z y u k o

( 1 7 ]  and a series of others .  I n  journa l “foreign electroni cs”, No 9

fo r 196 5 was p u b l i s h e d  survey/ coverage  of the most im p o r t a n t  f o r e i g n

wo rks  in t h i s  r a n g e  [2 7 ] ;  to t h i s  survey/ cover a ge was  a p p l i ed  v ast

b ib l i og ra p h y .

Th is book h a s  as a goal to a c q u a i n t  t h e  wide circle of t h e

readers w i t h  t h e  most  i m p o r t a n t  p roper t i e s, special

feature/peculiarities and the advantages of broadband

communica t i on/ con n ect ion , and  also to gi ve the r e p r e s e n t a t i o n  of some

concrete/specific/actual systems of this communication/connection and

t h e  pat hs of the i r  r ea l i za t ion .  For la rge r convenience in the use of 

-~~~- --._ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the material of the book çossibly by the wide r circle of the readers

the a u tho r s  considered adv i sab le  t o  construct  the  book as f o l l o w s .

In the first chapter are set forth the fundamental principles of

b roadband c o m m u n i c a t i o n/ c o n n e c t i o n , ar e  e x a m i n e d  its f u n d a m e n t a l

special f e a t u r e/p e c u l i a r i t i e s  and adva n tages , a re gi v en

surv ey/ cove rage  a n d  c l a s s i f i c a t i o n  of the  mostd  w ide ly  use sys tems  of

broadband communication/connection. Resea rch on t h i s  ch a p t e r  does not

requi re  a n y  specia l knowledge  f r o m  the  f ie ld  of m a t h e m a t i c s  and

s ta t i s t i cal radio e n g i n e e r i n g  and at  the  same t ime  can  be s u f f i c i e n t

in order to clarify the fundamental principles and the ideas,

embedded int o such systems.

Page ~~.

Ln t h e  second chap te r  are ex a m i n e d  some most i m p o r t a n t  ques t ions

of the  s ta t i s t i ca l  t h e o r y  of r a d i o  c o m m u n i c a t i o n , su b s t a n t i a l l y

necessary for mor e a fundamental understa nding of the fundamental

pr inciples of t h e  cons t ruc t ion  of b roadband  r a d i o l i n k  s y s t e m s .

Spec i f i c a l ly,  is g i v e n  short  noise c h a r a c t e r i s t i c  wi th  r a d i o

recept ion , is g i v e n  t h e  concept of t h e  m e t h o d s  of the  q u a n t i t a t i v e  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . 
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evalua t ion of the  proper t ies  of these in te r fe rences  as r a n d o m

processes , are e x a m i n e d  t he  most i m p o r t a n t  positions of t h e  theor y of

the  pote n t i a l  i n te r fe r en ce r e j ec t ion , which  lay as the  basis of t he

cons t ruc t ion  of b r o a d b a n d  systems , a re desc ribed the o p e r a t i n g

principles of f u n d a m e n t a l  and  at t h e  same t i m e  the  spec i f i c

cell/€lements of equipment for these systems.

The t h i rd c h a p t e r  iS ded ica ted  to the  more det a i led  e x a m i n a t i o n

of the  broad cl ass or the so—called mu tually correlated broadband

sy ste ms, which  make it possible to t he  best degree to r ea l i z e  a l l

ad vantages  of t h e  b r o a d b a n d  method s of c o m m u n i c a t i o n/ c o n n e c t i o n , but

wh ich possess during their practical realization a c omp ar a t i v e

co iup l ex i t y In  t h i s  chap te r  a re  examined  the pr inc ip les  of th~

r e a l i z a t i o n  of such s y s t e m s , t h e i r  f r eedom from interferen ce, the

bl ock d iag rams  and the work  of the  most impor tan t  e l e men t s .  A typical

ex a m p le of the  mu t~u a l ly  correlated s y s t e m  of broadband

commun ica t i on/ connec t i on  is the  syste m “R ak e ” whose d e s c r i p t i o n

a ppeared in to  1958 (4 4 - ].

I n t h e  f o u r t h  chapter is g ive n t h e  i n f o r m a t i o n  a b o u t  the

au tocor re l a t ion  s y s t e m s, which  ar e s imple st , b u t  not m a k i n g  it

possible to  obta in  such high results from the freedom from

L 
~~~ . . - - - ~--- .-.-~~~~~ ---- ~~~~
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i n t e r f e r e n c e , w h i c h  can  be reached in m u t u a l l y  co r re la ted  sys tems .

Th e f i f t h  c~i~~pt er  is dedicated to the  sys tems, wh ich m ost

f r e q u e n t l y a re  called discre te—address .  Such sys tems  r e ce ive  a t

present  espec ia l ly  wide  acceptance in the  range  of VHF fo r  a

rad io te lephone  circuit , since they allcw in certain f r e q u e n c y  band to

simultaneousl y work to the large number of transmitters. In this case

to any subscriber is represented the pcssibility of call and work

w i t h  a n y  o t h e r  s u b s c r i b e r  of g r i d/ n e t w o r k  so simply, as this is mad e

w i t h  the  aid of t h e  a u t o m a t i c  te lephone sta ti on of wi r e

c o m m u n i c a t i o n • A n e x a m p l e  of t h e  d i sc re te—address  s y s t e m , in te nded

specia l ly  fo r an army radio communication , is the system whose

description appeared in the litera ture in 1961 [46] .  In  t t i i s  sys t em

can be rea l ized  t h e  c o m m u n i c a t i o n/ c o n n e c t i o n  between t h e  l a rge  n u m b e r

of subsc ribers, u t i l iz i ng a common/general/total for all

communication/connections frequency band. Eac h subscriber can

im m e d i a t e l y  ca u se o t h e r .

Page 10.

The span of ran ge her e is s u b s t a n t i a l l y  more than  for  one narrow—band

,-, - ---
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chan n el , b ut is c o ns i d e r a b l y  less t h an  the necessary f r e q u e n c y  band

fo r the  r e a l i z a ti o n  of the sys tem w i t h  f r e q u e n cy  d iv i s ion  m u l t i p l e x

or any  to ano the r , in w h i c h  to each subscr ibe r it woul d  be

abs t rac t/rem ove d i t s  f r eq u e ncy band.

In the last/latter chapter of the book are placed ~he materials,

w h ich make  it possible to conduct  a c o mp a r at i ve e v a l u a t ion  of

d i f f e rent  b r o a d b a n d  s y s t e m s  accord ing  to t h e i r  i n t er f e r ~ nc e  sh i e ld ing

and the i r  compar i son  w i t h  n a r r o w — b a n d  systems .

En t i r e  m a t e r i a l  in t h e  book is presented in  c o n n e c t i o n  w i t h  t h e

use of b roa dband  s i g n a l s  in r a d i ol i n k  sys tems  wit h the  m a x i m u m

isolation/liberation of the ph y s i c a l  essence of p h e n o m e n a  a n d  the

interpretation of the most important resu lts, obtained recently . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~-- “~~~~~~ .
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Page 11.

Chapter 1.

GENERAL IN FORMA TION ABOUT BROADBAN D RADI O~~~~ SYSTEMS.

§1.1. basic concepts .  Base of s i gna l .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .~~~ _ _  _ _ _
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U n t i l  r e cen t ly  in the  de ve iop ment  of r ad io  c o m m u n i c a t i o n  ruled

the tendency of an all possible reduction in the spectrum , occupied

in et her/ester by transmitter during the transmissi on of

re po r t / c o m m u n i c a t i o n , t o m a x i m u m  possibi l i t ies .  Th i s  was  e x p l a i n e d

first of all by the fact that than already the spectrum of sig nal ,

the more n u m b e r  of r ad io  s ta t ions  it can be placed in t h e  ass igned

sec tion of f r e q u e n c y  band , p r o v i d i n g  t h e  absence of i n t e r f e r e n c e s .

The t ende ncy to t h r o t t l e/ t a per the f r e q ue nc y band c o n t r i b u t e d  to the

achieveme n t  of tn e  l a r g e  successes in the  r ange  of f r e q u e n c y  f i x i n g ,

to t h e  c rea t ion  of h i g h l y  e f f i c i e n t  selective systems m l  to t h e  wide

introduction of t h e  most  e f f e c t i v e  in relation band of f r e q u e n c i e s  of

single—band modulation.

The high degrees of frequency fixing of radio stations and the

narrow frequency bands , occupied by signals, made it possible at the

same time clear to regulate the use of a freque ncy range .

In recent years the ma jority of the ranges, utilized for a radio

c o m m u n i c a t i o n ,  and f i r s t  of a l l  sk i p band , t u r n e d  out t o  be so

ha ndled t h a t  the  c l ea r  r e g u l a t i o n  of f r equenc ies  turned out to he

- —
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comple te ly  impossible  an d w i t h  i n t e r f e r e n c e s  it became necessary  to

Conside r as the  un a vo idab le  p h e n o m e n o n .

The tendency to ensure durable relationship under conditions of

interference s and to eliminate the effect on the stability of the

communication/connection of the phenome non of multipl e-pronged

propagat ion  t h e y  led  to onset and deve lopment  of opposi te  t e n d e n c y —

towa r d t he u se of complex broadband signals and toward failure within

cer ta in  l i m i t s  from the traditional method of the s e lec t ion  of r ad io

s t a t i o n  in frequency.

Page 12.

In broa dban d d iscrete c o m m u n i c a t i n g  sys t ems  u n l i k e  t h e

c om m u n i c a t ing sys t ems , w h i c h use the  si~ p le sig nals, w h e n  each

realiza t ion of s i g n a l  ( f o r  example , re lease  and  pressure  in  b i n a r y

Sy s tems)  is the cut  of h a r m o n i c  osci l l a t ion , whic h d i f f e r s  in  t e rms

of a m p l i t u d e , f r e q u e n c y ,  by the  in i t i a l  phase or several  of these

paramete r s , t h e  cell/ e l e m e n t  of s igna l  is not the cut  of  harm onic

osci l la t ion , a nd i t  has  more complex  f o r m .  
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To u t i l i z e  f o r  t h e  f i r st  t ime  comple x no i se s igna l s  fo r  t h e

transmissi on of in formation proposed A. A. Charkevich 3fl. He

indicated the possibility of using a noise as carrying

oscillation/vibration (carrier). By a change in the intensity or

no ise it is po ss ible  t o  ca r ry  out m o d u l at i o n , s imi la r b y  u s u a l

amp litud e, while by a change in tie cut—off frequencies of the noise

spectrum — frequency-noise modulation.

Figure 1.1.1 giv es the bloc k diagram of the formation of

noise—like signal , proposed to F. Lange [21J. ~ne realization of

signal here is formed by the sum of the  initial noise z ( t )  a n d  t h e

same noise, shifted for a per iod r 1 with the aid of delay line , but

another realization — by the sum of the initial noise and the same

noise , delayed for a per ’od -r2 .

Another example of the formation of noise—like signal is given

in the diagram of Fig. 1. 1.2. He re of the  i n p u t  of d e l a y  1ir ~e , w h i c h

has the  larg e n u m b e r  o f  r e m ov a l / o u t l e t s , f o r the t r a n s m i s s i o n  of each

cell/element of s i g n a l  is suppl ied n a r r o w  nu l se .

_ _  
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Output broadband signal is obtained by means of the addition of

the group of the short delayed pulses, removed in the removal/outlets

of delay line.

~
) 

_ _ _ _ _  
(
~
)

re/lepofl7op 
~J ~~~~~ _____

r~t) 
) I ~~~~~ 

c~fM~~~oga• 
r~~~~~~-~

’
~~

’)

Fig. 1.1.1.

Key: (1) . Delay line v~ . (2). Noise genera tor r (t). (3).

Cascade/stage of addit ion. (4). Modulating stress to transm itter.

L .~~~~~~~~~~~~~~~~~~~~~~ _. ~~~~~. -———., .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—- -~~~~~~~~~~~
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To each realization (for example , to pressure and release)

corresponds its group of removal/outlets.

The more skeletal diagra m of the formation of serrated signal is

give n in Pig . 1.1.3. Here to the input of the group of narrow—bar d

filters is supplied momentum /impulse/pulse sufficient stiort duration

(6— momentum/i m pulse/pulse). After eac h filter is included

amplifier—atten uator, which determines the transmission factor of

each component ~~~ and delay line, also with the individually

selected for each component delay time (t,1). 

~~~~~ -- - -—
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(i). ____________________________________

- 

~~~~ 
?) ~~~ 

-

~~~~~~~

key: (1). Input pulse. (2). Delay line. (3). To transmitter. (~ê ) .

Adder. (5) . Add er.

_ _ _  I ~ I ~ F—•
—1 W 2 I -L ~ 2 

______
F—

Bxoö 8o,xoö
(8.uMnyimc) 

______

H ~~ _ _

~. V4enuøwlbmpb! . oci~aöumeImi aaOep~~v

Fig. 1.1.3.

key: (1). Input (6—momentum/impuls e/pulse). (2). Output /yioll. (3).

N a r r o w — b a n d  f i l ter s .  (14) . Amplif ier—att enuator. (5). Delay circui ts. 
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Page 114.

By a change in the number of tilters (n), of frequencies of these

filters (b,,), values ~s and t& it ir possible over wile limits to

vary the form of the form/shaped serrated signal. It is not difficult

to see that the earlier examined diagra m (Fig. 1.1.2) is a special

case of this more ccmm on diagram .

Let us note that by a change in values ~ , r~ , (U~ in the

determined law can be reached the further Nco.plication N of wa veform.

one ot special cases of broadband signal can serve, for example .

the signal with the linearly cha nging frequency, which found use in

radar. It is possible to give the very large number also of other

examples of broadband signals.

At the present time , specifically, finds wide acceptance the

method of the formation/education of broadband signals with the aid 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~ - ~~~~~~~~~~ 
- ----- - -—-- 

~~~~~~
—

~
--—.----

DOC = 77020122 PAGE

of the carrier modulatio n frequency by binary pseudorandon seq uences.

This sequence (Fig. 1.1.4) is tormed by the video pulses of the

rectangular for m of two forms (positive and negative, or otherwise

“1” and NON. The duration of these momentum/impul se/pulses is taken

identical (ti), a the character ot alternation it is deter mine d by

the selected law of coding . These sequences were called the name

pseudorandom , since to outside observer the law of alteration was

unknown.

The formation of this pseudorandom sequence virtu ally most is

simple to carry out with the aid of the so—call€d shift registers ,

which are devices for the memorization of multidi g it binary number.

4~

— 
0 0 ~~~~~~~~~~~~~~~~~~~~~
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Page 15.

As an example Fig. 1.1.5 gives the block diagram of thre~~ stage

register , wh ich includes three Origger circuits, cloc k pulse

generator and summator on mod u le/modulus two. Each Ori gger circuit

has two steady state5 ( ‘  0” or “1”) . The shearing rat~ of informa tion

(mome ntum/itnpuise/pulse) in register corresponds to the repetition

fr equen cy of clock momentum /impulse /pulses. The summ ation over

module /mod ulus two is determined by the following table of logica l

addit ion:

1+1~~0 -

0±0=0
1+0=1
0+1=1

Let us assume tha t in the initial state “unit” it was rec orded

in the first cell , i.e., in register was recorded combin ation 100. fly

the first shift pulse from clock pulse generator the state of the

first and second cascade/stage s is shitt/shea red respectively in the

L 
_ _  

_ _ _ _ _  _ _
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secon d and thir d cascade/stages. Being summarized by module/modulus

two, the information of the second and third cascade/stages it enters

the input of the first cascade/stage. Is obtained combination 010. In

the following stage to the first cell will enter the result of the

addit ion of the states of the second and third cells, and the state

U of the first and second cells will pass to the second and third. Will

be obtained combination 101. Subsequently the y will follow

combi nation 110 , 111 , 011 , 001 and 100, whereupon cycle is repeated. 
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Fig. 1.1.5.
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74 . . 1 . /’
key: (1). Summ i t L On .odule/mo~tulus. (2) . Clock pulse generator.

(1). Output/yi el1 . ( 1 4 ) .  flrig~~ r circuits. (5). Summator. (6).

OUt pu t/ vi s~i.i. Pajt~ ~~ .

u tpu ~ vJ1~~~~ (nit ~~ut cO (1~’) is the set]uence of t~~� states of

tj ~~— 1.t~~t/ I o ~~~~: ( t . .. h lL t) c~ ii and in our case takes the for m of

sever—s ymbo l ~~u~~: ’ ~~1 )111 (Pig. 1.1.5). The durations of all

mom entum/i t tl1:~ ,‘:HJlse s I~ ~~~ identical and are det ermined b y the

parameters of ‘he 1 i i ~ ram of Ori-jge r circuit . The number of cells can

b0 increased , but t ~umma t o r is not compulsory to connect the

output /yields ot ~~~~~ last /latt€r cells. In the same figure is shown

the regi~ter of t~ n Ori gger circuits and with feedback on 6—s cell.

Switchin g the cascade/stag e, to which is included the feedback ,

chaii~jes output comb indtio n and is utilized usually for the exc hange

of the out put seluence of momentu m/impulse/pulses - cole. The ma ximu m

number of the bits of code is determined from formula m~~2n — i where

n — the number of Origger circuits. Let us emphasize that this

formula characterizes the maximum length of code, which is obtained

with the determined connection of cells to sumniator. From the

afore said it is clear tha t with the aid of a comparatively small

number of cells in register it is possible to obtain th~ sufficient]y

prolonged cycle of work. For example , wit h m = 10 period will compose

1023 units. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —--—~~~- .~~~~~~--
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The formed in a described manner sequence of video pulses is

utilized for the formation of high—frequency broadband signal eit her

by means of its direct supp ly to the balanced mod u lator , to another

input of which they are supplied the fluctuation of carrier frequency

or by means of supply to band—pas s filter (Fig. 1.1.6). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~-.—-- -_-—-_ _ _ -~~~~~~~ ——~~~~~~~~~~~
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~-~~-~tjKey: (1). Pseudorandom sequence. (2) . Balance d modulator. (3). Out put

signal. ( 4 ) .  Gelkerator . (5). Pseudorandom sequence. (6). Band filter.

(7). Output noise-like signal. Page 17.

In the first case at the out put/y ield of balanced mo dulator ar’~

obtained the fluctuat ions of carrier frequenc y with phase lumps

according to the law of the sequence of momentum /impu lse/pulse s “0”

and “1” at the ou t put/y ield of register, i.e., the so— c3lled

phase—code— keyed signals. Such signals fin~1 a use in discrc~te-address

or in mutually correlated systems.

In the secon i case, when the pseudorando m sequence of video

pu lses enters the input of band—pa ss filte r with hand F and medium

frequenc y f
~~
, filt er passes the only harmonic components , whic h lie

at band F, and as a result the output potenti al of filter obtains

noise—like character.

~athemat ically serrated ~igna l is conveni .’ntly presented in the

form Fourier series in the interva l of the duration ct si~jnal (1’) 
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z, (t) 
k ~ 

~~ COS kw0t + b,k sin kw0t),

0 ~ t <T~

w h e r e u0 = 2w/T; k is a num be r of the compo nent of sign al (k = 0, 1,

2, 3, ...) ; r — the number of realizaticn (for binary system r =

1.2).

rn the majority of the pr actical cases broadband signals for the

radio communication are taken such, in which the only finit e number

of Fourier coefficients in the given formula differs from zero , but

the number of realizations is equa l to two (pressure, c21?ase) . In

these cases the expression for a serrated signal is redu ced to the

fo rm

—. - -— -- - _ ~~~~- _ _ -  - _-___-p -~~~~ fl_ - -  --- - —
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Z, (t) ~ (a,~ cos kw,t + b,~s in kw0t) =

= ~ A rk COS (kW Ot+~~r k) 0 < t < T , (1.1.1)
k -

where Am= Va ~~+b~h ,  ~rk — a r C tg~~~~

with this sijnal of component frequency they range from

to where k 1. (k 1 + 1), ... k 2 are integer s.

Page 18.

The frequency band , in which are contained ‘- he liscrete
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componen ts of signal and the fundament al part of it j f  energy

spect ru m , is determined in this case by the expression

~~~~~~~~~~

The p roduc t of t h i s  va lue  and  t h e  d u r a t i o n  of the cell/element

of signal B = FT is accepted to call the ba se of signal. The value of

t he  base of signal characterizes the ratio of the width of the

spectrum of signal (F) , t h a t  depend s on t h e  m e t h o d  of signal

conditioning (form of coding), to the width of the spectrum of the

report/commu n ication, d e t e r m i n e d  by the speed of transmission of

infor mation , i.e., by the value of the reverse/inverse dura ’ion of

the cell/element of signal (1/T). For the signals, called broadband ,

characteristic is the value of base, considerably greater than one.

Virtuall y val ues B reach 100—1000 and more.

Figure 1.1 .7 shows ene rg y spectrum S (f) of the signal , which is

expressed by formula (1.1.1), for two values of base. Than more FT,

those all large part of the energy of sig na l turn s out to be that.

concentrated in b3nd F. For better/best understanding the q~esti~ n

concerning the base of signal, let us tur n to examples.

_ _ _ _ _ _ _ _  -
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Page 19.

Let the report/communication is be the alternating curren t

(pressure) and noncurrent (release) premise/impulses by duration T

(period of mani pulation 2T, the fundamenta l frequency of mani pulation

1/2T) . Such report/commun ications can be presented in the form of the

sum of the large number of sin usoidal fluctuations whose frequencies

are multiple to the fundamental frequency of manipul ation. For the

satistactory reproduction of repor t/communication with reception it

suffices to transmit only its low—freq uency components in the band of

frequencies F ~~ 3/2T, called the spectrum of report/communication.

Durin g the off—on modu lation of transmitte r this report/communication

the frequency band , occupied by the transmitter , wi l l  be t wo t imes

wider than the spectrum of report/communica tion , i.e., it will .

comprise 3/T. With single—band modulation it is equal to 3/2T, i.e.,

to the band of th~ report/communication itself.

Thus, the base of signal in the first case is equal to two , and

in the second case — unity. The va lues of the bases, close to unity,

are characteristic for all narrow—band systems. For broadband systems

as already it was said , values B reach several hundreds and even

thous and. 
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Will give the estimate/evaluation of the frequency band ,

occup ied by transmitter at the different speed s of transmission of

discrete information and the different values of base. If we assign

the speed of transmission of discrete information 50 bau~s (T = 20

ms), them for using a signal with B 1000 will be required the band

of frequencies F~o~~ ~~~~~~~~~~~~~ 
=50- kHz. At speed 1200 bauds and the

same value of base will be regnired the band of frequencies F(,200)= 1,2

MHz, wh ich in skip band cannot be carried out virtually. If necessary

to provide such the high rates of the work of val ue B tkl?y are

— selected smaller (for example , 100).

From the aforesaid it is clear that the larger values B can be

provided for at the lower speed of work. Figure 1.1.8 graphically

shows the interdependence of the rate of the work of the band of

frequencie s (F) and of base.

Page 20.
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As we shall see from the further paragraph s of this chapt er , the

major advantages of the use of broadband signals are cause d by the

precisely large value of their base. Hence it follows that if there

are lim itat io ns in the question of the expansion of the band of

signal (but they always appear as a result of the technica l

difficulties of designing of broadban d receivers, transmitt ers ,

antennas and due to a difference in the condition s of radiowave

propagation within limits of very broa d band) , then the advisability

of pa ssage to broadband systems considerably more at the lower speed

of work. 

- - - - -— - - -  -- --
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Fig. 1.1.8.

Key: (1). !3and of f r e~i uencies, kllz. (2) . Spee d of t r a n s m i s s i o n ,

bau ds. Page 21.

§1.2. On the possibility of the simultaneous work of a series of

broadband systems in just one section of range and the joint

operation of broadb and and narrow—band systems.

A t first glance it can be s h o w n  that the passage to the use of

broadband systems for purposes of communicatio n/conne ction decreases

thc~ nuaiber of radio sti tions, which can simul taneously, also, wi t h

that without interferences wor k in the assigned section of range. On

the matter itse lL this not entirely so, since it turns out to he

possi bl e in  on e and the same the frequenc y band to simultaneousl y

work to a compa ratively large numb er of transmitters. Their se 1cc-’ ion

at rec ei v i n g  end w i l l  be in this case realized not in frequency, but

in form of signal. The possible difference in the wav eforms can be

very large. r~ is the greater , the greater the base of signal.

Consequent ly, the more the base of sig nal, i.e., the fre.~uency band ,

occupied by transm i tter at the given operating speed, the more numb er

of transmitters it can simulta neously wor k in one and the same the 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~ - - -  
— 
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frequency band. In this case, of course , is assumed the

application/use at the receiving end of so—called optim um proc essing

signal wi th the aid of matched filters or correlation diagram.

Let us explain first in a simple example of the possibi liry of

the formation of the broadband signals of various forms and their

selection at receiving end . Let be rea lized the telegr aph work at the

defin ite speed , by which the duration of the cell/elemer,t of

report/communication is equal to T. We con vert each such cell/element

of report/communication with the aid of the diagram , shown in Fig .

1.1.2, into the ser ies the following in the determined sequence more

narrow pulses of length t. The law governing the fo l lowing of these
pulses for  each rea l iza t ion of the cel l /element of repor t /communica t ion
(pressure , release) let us accept d i f fe ren t  (Fig.  1.2 . 1) .  

~---- --- -- —-~~~~ -- ---- --~~~~~~~~-~~~~~~ ~~~~-----
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Fig. 1 . 2 . 1 .

Key: (1) . Communication element . (2) . 1—st realization (pressing) .

(3). 2—nd realization__(release) .f~~~~ 22.

If we high-frequ ency oscillations key by the obtained narrow

pulses, then the frequency band will be in T/r times wider han with

:

~ 
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modulation of high—fr eque ncy oscillation directly the

momentum /impulse/pulses of communication by durat ion T. For another

correspond~ nt , who works in the same f requenc y band , let us select

other sequences of narrow pulses both for the release and for a

pressure. tn order that the correspondents it would be p o s s i b l e  to

distinguish , we utilize on the receiving end as matched filters of

delay line in removal/outlets (Fig. 1.2.2). In this matched filter

the momentum /impulse/pulse , which entered to input , passes from the

beginning of ljn~ to each removal/outlet for the accurately specific

time .

Removal/outlets from delay line for the isolation/liberation of

each realization of signal are placed so that when the first of the

mo mentum/impulse/pulses of signa l appears at the last/latter

removal/outlet of delay line , the second momentum /impu1se/pu1s t~ will

arise on penultim ate, the following — on the thir d from end/lead ,

etc. Since all removal/outlets are connected in parallel , all these

momentum /impulse/pulses store/add up (it is realized roll) at the

torque/moment of the termination of the cell/element of sigral

(premise/impulse by duration T).

_  _  _ _  _
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Fig. 1.2.2.

Key: (1). Delay line. (2). Adding device. (3). Output/yiel d of 1— 1

realizations. (4). Adder. (5) . Output/yield of 2—i realizations. 
-

If of the input of the datum of delay line enter the

mom en tum/impulse/pul ses, transm itted in another sequence

(momentum /impulse/pulses of another realization or another

correspondent’s momentum /impulse/pulses) , then on the removal/outlets

of line will appear momentum /impulse/pulses into the noncoincident

torque/moments of time and stress it will turn out to he small. Rolls

it will not occur. The appearing in this case stress is accepted to

call stress from system interferences~ it is understand able tha t for

data acquisition correspondent in binary communicating syste m it is

necessary to have two matched filters , for another correspondent ’s

reception — two other filters, etc.

The shorter will be the momentum /impulse /pulses i the more

respectively it will be their number for time T, i.e., the more will

be the frequency band or the more the base of signal, fact those more

differing one froi another combinations can he used for the

— -~~~~~-- - -~~~~ --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ —~~- - - -  -- ~~~ - - -~~ -~~ - - ~~~~~-~~~-
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forma tion/ed ucation of different radio channels in one and the same

the frequenc y band . Is clear also the fact that, the greater the

transmitters it will to simultaneously work in one and the same the

frequency band , the higher will be the interference level , created by

other transmitters at the output/yield of receiver.

In order that interferences among two signals z1 (t) and z2 (t)

simultaneously entering the input of matched filter , would be

possibly smaller, must be made the condition of the orthogon ality of

these signals under range from 0 from T. Mathematica lly the condition

cf orthogona lity is record/written as follows :

Jzi(t)z2(t)== O. (1.2.1)

As the simplest example of orthogona l signals can serve , for

example , the signals of the form:

A cos(wt +~), ~~~ 0<,t<~L;
2

when

0 • ~~~‘ O < t < _ T
~;

T
A cos (wt + ~). W i-e i, -

~~
- 

~~~ t < T. 
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Page 24.

During the formation/education of signals out of the larg e

number of momentum/impulse/ pulses for the example , shown in Fig .

1.1.2 or 1.2.1, the condition of orthoqona lity is satisfied , it the

momentum /impulse/pulses of each realization are supplied ‘-o tn e

noncoincident moments of time. Orthogonal the y will be two signals z1

(t) and z2 (t), also, when they are represented in the form of ~he

nonov~ rlapp inq Fourier series in range from 0 to T. The

monoverlapping Fou rier series here called two such series, that if in

one of them ak~~O, that in other tor the same index ak=0; the

analogous relationship/ratios must be made and for coeffici,nts bA

- ~~_ ~~ - _ __  —— ~~~
— .—— ~~~~- — —  ~
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In the gen eral case the signals can be orthogona l and answer

condition (1.2.1) and then , when their spectra overlap.

Let us allow now , whic h in t h e  band of frequencies F is by ii of

different orthogonal signals. one of these signals useful, and the

others with respect to it mixing. The power of all signals tor

simplicity of reasonings we consider identica l and equal to P~. With

4he sufficientl y large number - of interfering signals their sum can be

considered as fluctuating interference with total powe r P
~(n—1) or

spec tra l density P c (n - 1)

From the theory of commun ication/con n ection it is known that the

authenticit y of reception during opt imum prccessing signal is

determined by the ratio of the energy of signal to th~ spectra l pows~r

of fluctuating interference , i.e., by value

h2_
’ P 0T FT_
,• P0 n • 
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If requirements for the authenticity of reception are sat isfied

at certain value h 2 h ~ that permissible number of simul’ aneousl y

working in one and the same band frequencies of the radio stations

will be

FT
n~~~~— .

Ip

From this expression directly it follows that the number of

simultaneously workin g stations in this frequency ban d with the

determined assigned authenticity of reception is proport iona l to the

base of signal.

Page 25.
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Henc e escape/ensues the possibilit y in principle of operationa l

provisions in the defined band of frequencies of the same number of

radio stations as when us ing narrow—bard systems. Actually, in the

case of single—b and modulation for the duration of the cell/element

of signa l T the band of report/communication F -~~1/T, the base of

signal FT = 1 and in the band of frequencies Af can be placed by n~~

Af/F transmitters. For the same operating speed the base of broadband

signa l in band ~f is obtained Af/F times more and , conse~pzently, also

number of transmitters in band it will be n~~~~ t/F; in this ca se

there is in form an identical value h~ . This com parison , of course,

• approximated , but it makes it possible to understand t h a t  t h e

essential losses in the use of a range passag e to b road b ard signals

with themse lves will not bear.

By examining the ‘iuestiori concerning the use of a frequency

range during the applica tion/use of broadband and narrow-band

systems, it is necessary also to give the considerations , ca used by

the fact that in actual conditions never all stations o~ this range

work simultaneously. Taking into account the indicated fact in

broadband systems considerably simpler to increase the numb er of 

~—— .— - --- -----.- --— .- — .——-— ---- ~~~~~~ —---------------- ----- - —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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radio stat ions in the assigned frequency band , than in narrow-band

systems. Let us explain this.

W h e n  using widespread methods of selection in frequency a n d

narrow—band systems to each rout ing is secured the determined

frequency channel. This frequency channel cannot be (at least, if we

do not appl y the complex systems of the automatic search for free

channels) engaged by another correspondent , even if it at the qive n

torque/moment is free, since compulsorily after each communication

line must be preserved the possibility to begin work at any time . The

unemployment of this channel to no extent does not improve

cOmmunication /connection conditions for other channels. When using

broadband systems, if at each give n moment of time of the total

number n of radio stations it work s not more than n’=rin (ti — the

diversity fac tor of work), the number of simultaneously working

stations in this frequency band can be increased ~L times.

Set/assuming ‘~~~= 0.1—0.2, we obtain suppl ementar y very considerable

possibilitie s on an increase in the effectiveness of the use of a

freq u ency range without the application/use of fairly complica ted

actions for the provision for a search for the empty channels and th~

retuning of equipment in these empty at the given torque/moment

channels. Let us focus attention also to the fact that in bro adband

systems a decrease in the amount of simultaneousl y working stations 

-— ~~~- -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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automat ically improves communication/connection conditions for other

channels. This advantage of the work with broadband s igna ls  becomes

especially noticeable at the low values ‘i~ i.e., when the majorit y of

the stations of tais range works short—term . Specifically, this

situation frequentl y occurs under conditions of military radio

communicat ion.

_ _ _ _ _ _ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Page 25.

§ 1.3. Broadband systems under conditions of multiple—pron ged

r ad iowa ve p ropaga t ion .

The majority of radio channels, espec ially short- an~

ultra short—wave , is characterized by the multiple—pronged propagation

during which the signal from transmitt er comes to the place of the

reception/ procedure by several paths, whe reupon for ~ach of these 

- - -
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paths signal experience/tests different atten uations and different

time lag. If during single—ray propaga t ion the dependence between

that which is taken and that transmitted by signa ls is determined by

the expr ession

Ii

x (t)~~~ Z ( t At). (1.3.1)

in which value ~i a n d  ~t they characterize attenuatio n and signal lag

in the process of its propagation from transmitte r to receiver , then

during mul tiple—pronged propagation this dependence takes the form

(1.3.2) 
-

,

where n — the number of incoming ray/beams.

In this expression ~~i and At~ they are de’- ermined by

attenuation and the time lag of each separate tay/beam. Values ~~‘

_ _ _ _ _  _ _ _ _ _ _ _
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and ~~~ifr as a rule, continuously c h a n g e  in t im e , alt hough for the

larger part of the real signals and at the in practice utilize d

speed s of transmission of information their change in time is

sufficient slowl y as compared with the duration of transmission of

the cell/e lement of signal.

Page 27.

During multiple—pronge d propagation at the input of receptor ,

therefore , operates the sum of separat e oscillation/vibra t ions with

the changing accordin g to random laws phases and am p litu~es. This

leads to the phenomenon of interference , and also , therefore , to

signal fading . The phenomena signa l fading are express~d especially

v i v i d l y ,  when  pa th  d i f f e r e n c e s  ot r a y /b e a m s  are  c o m m e n s u r a b l e  or

mu ltiple to t he  half of wavelength.

They distinguish severa l type s of signal fading:

common/general/total or flat , selective, slow and rapid. With fla t

fadings k- he incoming 3i gna]. differ s from that transmitt ed by the

random , but approximat ely identica l for all frequency components of

signa l values of the transmission factor and phas e displacrment . In 

~~~~~~~~ ~~~~~~~
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selective fadings of each frequency component of signal corres ponds

their transmission factor and their phase displacement. Slow fadings

occur, if itt an d ~~ they are characterized approxim ately by

ident ical values for the extent/elongation of the reception/procedure

of severa l cell/elements of the signal , following one after another.

For rapid fadings is character istic the absence of interdependence

(correlation) betwe~~ valu~~ ~~ and Alt for a series of the

consecutively transmitted cell/elements of signal.

Let us examine in somewhat more detail the special

feature/peculiarity of common/general/total and  selective fadings.

Let in accordance with expression (1.1.1) transmit the signa l

z (I) = A
~ cos (kw 0t + ,~

).

Then the received signal

tu

~ IL , E Ak cos Ekeo ( t_ t p I ) + , h]
- i— ~ k — k

~~~~ 
~! A h cos {kwo (t — i;) ++rn + ‘~*]. (1.3.3) 
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where 1~, is the  m e a n  p r op a g a t i o n  t ime  f o r  all  ray/beams:  ~~~‘u’2x ~ AI,;

— the  d e f lec t i o n  of the p r o p ag a t i o n  t i m e  of the  i ray/bea m f rom

the mea n p rop aga t ion  t ime Ip.

Page 28.

Values  ‘l’oi f o r  a n y  ray/beam will range from 2~c-~ 1~1~ to

j f we -

lM,I~~Z~~ k~— kt + I ’ (1.3.4)

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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that they will differ one from another not more than by 2~tF&~
.
~~22t.

That  mea ns ~~~ t h e  observance of c o n d i t i o n  ( 1 .3 . 4 )  it is possible to

co un t values i~~~ approximatel y identical for all values of k, i.e.,

for a l l  frequency c o m p o n e n t s  of s ignal .  T h u s , con d i t i o n  (1 . 3 . 4)

causes t h e  f l a t  c h a r a c t e r  of f a d i n g .  S p e c i f i c a l l y ,  let us note t h a t

commo n/ g e n e ra l / t o t a l  f a d  ings  occur both  w ith ionospher ic  ( F i g .

1.3 .l a)  and d un n-; t roposp he r ic  ( F i g .  1. 3 . l d )  rad iowav ~ pr o p a g a t i o n ,

provi ded pa th  d i f t e r e n c e s  of t h e  a d o p t e d  r a y / b e a m s  were m u c h  less

t h a n v a l u e  1/F. S e l e c t i v e  f a d i n y s  occur w h e n  condit ion ( 1 .3 . 4 )  is not

s at i s f i ed , i.e. , path d i f f e r e n c e s  of r a y / b e a m s A1 are c o m m e n s u r a b l e

or exceed v a lu e  1/F. For  select ive f a d i ng s  of the  value of phases

a re d i f f e r e n t  fo r  d i f f e r e n t  k. Then r eceived s i gn a l  x ( t )  is

rep re sE n t e d  ii t~~. f o r m

x (t ~~ = ~ A,, E i-’, cos Ike o (t — i )  + ii,,, + ~,,} =
k — I — I

= 
k — k ~ 

~,,A,, ~~~ ~~~~~~~ 
(t — 

~~~~) + ,~ + e,,J. •(1 35) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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where

~ ~~~~~~
e,,=—arctg ’--

~-
’— . •1

- 

~~ !J., COS 4J /k
- I ’— I

_ _ _ _ _
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Page 29.

Prom this expression it follows that with selective fadings of

the fluctuation of amplitudes I~t~iA k and of phases (~~+8,,) they depend

on the frequency (index k) of the harmonic components of signal.

u s u a l l y such f a d i n g s  appea r  w h e n  t o  recep tor  come the  r a y / b e a m s ,

w h i c h  r e f l ec t ed  f r o m  t h e  d i f f e r e n t  ionospher i c  layers  ( F i g .  1.3 . lb )  

—-~~
.—-- ----. --- - - ~~~~~~~~~~~~~~~~~~~~ —rn---~~~~~- - ~~ ~~~~ . _ _ _ _ _



DOC = 77030122 PAGE IJ1~~~~~~~~3

or of the spaces of the troposphere , and also the und-~rgone mul tiple

re f lec t ions  (Fig .  l .3. lc) .
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Fi g. 1.3.1.

Ke y:  ( 1 ) .  Ionosp he r ic  l a y e r .  ( 2 ) .  Ionospher ic  layers .  (3) .

Ionosnher ic  layer . (4) . Local h e t e r o g e n e i t y  of the troposphere .

I n t h i s  case , as ~ r u l e , each co me r a y / b e a m  is the bea m of e l e m e n t a r y

ray/beams  and t h e r e f o r e  is also subjected to f ad ings , w h i c h  bear ,

howe ver, common character 1

FCOTNOT E ‘. :n the literature very fre q uently instea d ~f the term

“channe l with selective fad inys” are used the terms “ multiple—pronged

channel , “channel with mult iple—pronged propagation”. Thereby is

emp hasized the fact that the channels with selective L~~d i n gs  are

cha ract er ized b y t h e  a r r i v a l  of s igna l cn several pa th s  w i t h

cons iderab le  pa th  d i f f e r e n c e s.  S u b s e q u e n t l y t h i s  t e r m i n o l o g y  w i d e l y

is u t i l i z e d  in t h e  p resen t  work .  E N D F O O T N O T E .

When va lues  ~~j , are c o m m e n s u r a b l e  w i t h  t h e  d u r a t i o n  of t h e

ce l l/ e lement  of si gna l  T , t h e  p h e n o m e n o n  of mu l t i ple-p ronged

p r o p a g a t i o n  causes not o n l y  s i g n a l  f a d i n g ,  but  also it leads  a lso ~o

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the imposition of the adjacent . cell/elements of signal on each other.

This phe nomenon j S accepted to cal l  t h e  phenomenon  of CC h 3.  In Fig.

1.3.2 is illustrated the picture of the overlap of the cell/elements

of signal with its arrival on several paths.

For narrow—band radiolink systems, when the base of si~inal FT~~’

1, values 1/F and P prove to be one order, therefore, of the

phenomenon of selective fadings and echo are observed simu ltaneously.

Fo r the broadban d sys tems , in whic h PT >> 1 , a re possible the cases ,

when At, of the same order as 1/F, but is cons ide rab ly  less ‘h a n  T;

in these cases will be the only selective fadings.

Both common,~eneral/total and selective fadings cause th .~

fluctuations of the level of received signal with the average period

from several minutes to fractions of a second [13]. I1ow~ ver , they ar-~

not the sole reason for a change in the intensity of received

sig n a l s.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fig. 1.3.2.

1~~€ 3t
In the information circuits a~e observed also the relatively slower

changes (hou r, diurnal ) in the level of recei ved signals, caus ed not

by interference processes in receiving antenna , but by effect on the

transmission factor of the cha nnel of such reason s as chan qe ~ f the

m a g n i t u d e  of a b s o r p t i o n  in the  ionosphere , a c h a ng e  in t h e

tempe rat ure conditions of the troposphere , etc.

—,
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Finally, in the case of using signals with the wide spect rum the

important factor, which affects received signal, is also the

dispersity ot the medium , which participates in radiowave propagation

(ionosphere, the troposphere) , tha t leads to the fact that the

coefficient of reflection or scatter ing finds to he depen dent on

frequency, i.e., different for the different frequenc y compo nent s of

signa l , even fo r  a “si n g l e — r a y ” cha n n e l .  Let us note t h a t  v i r t u a l l y

d u r i n g  ionospher ic  p r o p a g a t i o n  t h e  d ispers ive  phenomena  ca use the

not iceable d i f f e r e n c e s  in  t r an s m i s s i o n  f ac to r  for  f r e q u e n c i e s , which

d i f f e r by  dozen k i l o h e r t z  ( for  a sk ip  band) , wh i l e  t h e  v a l ue s  of t h i s

coeff ic ient because of the  i n t e r f e r e n c e  of ra y/beams t u r n  out to  be

somet i mes d i f f e r e n’. f o r f r e q u e n c i e s , w h i ch d i f f e r  only  by h u n d r e d

her tz .  If transmits sufficiently narrow pulse, then as a resul t of

di spe rsion in the  ionosp he re t h e  m o m e n t u m / i m p u l s e / p u l s e  of separa te

ray /beam is eroded , a n d  m u l t i ~Ae— p r onged propag ation leads to the

f act that  ins tead of one m o m e n t u m/ i m p u l s e / p u l s e  are accept ed s eve ra l

tha t  an d  it is c l a r i f i ed  in F ig .  b y 1.3.3. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _
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Fig. 1.3.3.

Key: (1). Transmitted momentum/impulse/pulse. (2). Received pulses.
I

(3). Fundamental ray/beam. (4). 2—~Pray/beams. (5). 4;tYray/beams.

(6). ins. Page 32.
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phe interval between the incoming ray/beams can reach by 2—4 ins , and

the number of ray/beams , especially for the extended short—wave

li n es , to reach to f o u r  — six.

The phenomen a  of f a d i n g ,  echo a nd the e f f ec t  of t h e  d isp er s i t y

of t h e  3~edi um of p r o p a g a t ion in the p r a c t i c e  of rad io  c o m m u n i c a t i o n

lead to a considerable decrease in f r e e d o m  f r o m  i n t e rf er e n c e  or

authenticity of reception/procedure (with this capacity) they are

considered as n e ga t i v e  fac tors .  When  us ing m u l t i p l e — p r o n g e d  channels

always the y attempted to remove the effect of “parasitic” ray/beams

k in order to approa ch itself work conditions of sinql~ —r~ y ch an n el

This path , however , was not sufficient ly rational, since each of the

incoming ray/bea~us contains the information about th~ transmitted

report/communication and their use it could improve in principle the

conditions of rece ption/proced ure.

One of the important advantages of the use of broadband signals

is a possibility of using a phenomenon of multiple —pronge d

propagation for an increase in the stability of reception/procedure 

~--- --
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or with the assigned authenticity of reception/procedure for a

decrease in the power of radio transmitt ing equi pment. This

possi b i l i t y  is open/disclosed as a resul t  of t h e  fac t  t h a t  t h e

broadban d systems can ensure the separate reception of the sig nals ,

which come in to the place of reception variously, and therefore they

make it possible to utilize an energy of several most intense

ray/beams. Let us exp lain this in a simple example.

Let, for examp le, the signals of the for m , given in Fig. by

1.2.1 , enter t~ e matched filter of Fig. 1.2.2. Input voltage or

reference system , i.e. , on t h e  o u t p u t/y i e l d  of watched filter , with

sing le— ray r ecep t ion  wi l l  have  a shape  of pulse as d u r a t i o n  -r , i.e.,

1/F , the appea r i n g  i n to  t o r q u e / m o m e n t  t e r m i n a t i o n  of t h e  c e l l/ e l e m e n t

of s ig n al by du r a t i o n  P . Here  F is the  band of s ignal , wh ich is

dete rmined  b y  the  d u r a t i o n  of n a r r o w  pulses 1 .

Let us a l low now , t h a t  in t o  t h e  po in t  c.f r ecep t ion  t h e  s igna l

comes by several paths wi th  the d i f f e r en t  va lu es  of t r an s i t  t i m e  f rom

transmitte r to receiver ~~~~~~~~~~~~~~~~~~~~ In th i s case to  ea ch  ra y/beam

at the outpu t/yield of the matched filter will corresponi its

•o~~ ntu m/i m pu lse/p Ul Be with th e m a x i m u m  of the voltage/stress at the

torque/moment of time I~, + T  and of the  same du ra t ion  1/F.  

-
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Page 33.

Not difficult to understand that if the difference in time of the

arrival of ra y/beams is less than the duration of these

momen tum/impulse/pulses (7) ,  then the sepa rate reception of ray/beams

turns out to be impossible. The separate reception of the signals,

whic h come in on different pat hs, is feasible only if value r less

than the minimu m delay time betwee n ray/beams, i.e., th? possihiflty

se para te  the  r ecep t ion  of r ay / b e a m s  increases wit h decrease  r or,

otherwise , with the expansion or the band of signal frequencies.

Furthermore , the ma ximum delay tim e among ray/beams must be less than

the duration of the cell/element of signal P.

In narrow—b and systems the pulse duration at the input of

reference system is approximatel y equa l to the duration of the

cell/element of signal T, and consequently, the examined above

conditions , necessary for the separation of ray/beams , cannot be

satis fied. Under broadband systems the given conditions due to

inequality -r T are satisfied easily. 

.~ - —- --- — - — —  _~~~—_.~ ~~~~~ 
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Let us no te  t h a t  the  pulse charac te r  of t h e  s ignal , in example

of w h i c h  we examined  the  possibility of isclation/liberation in

receiver of one of the incoming ray/beams , it is not necessary . This

possibility is pr ovided in all cases, when the  bas e of s i gna l  FT >> 1

and signal has  a p p r o x im a t e l y  u n i f o r m  spectral  densi ty  in the band of

f requencie s F.

§1 .4. Classification of broadband radiolink systems.

Concept “b r o a d b a n d  r a d i o l i n k  sys t em s ” includes  at present  t h e

large num ber of ve r s ions  of such sys t ems , w h i c h  d i f fe r one f r o m

another from in form of the uriliz~—d signals, method of their

formation , the met hod of reception and to a series of o t h e r  
—

sign/c r i te r ia .  R e s p e c t i v e l y  t h e  f i e l d s  of app l~ cat io n of b roadba nd

communicating systems also are very diverse. This causes the need for

the determined classification .

The r ep re sen t a t i on  of the  possible c l a s s i f i c a t i o n  of b r o a d b a n d  

—--—— -~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _
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systems gives the table, given in Fig. by 1.4. 1.

The large group of broadband systems form the so—called mutuall y

correla ted act ive and passive systems.  In mutually correlated act ive -

systems the  sig n a l  is recorded in receptor by means of com parison

wi~ h the standards , formed on the same principle, as at the Ii

transmitting end/lead.
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F ig. 1.4.1 .

Key : (1) . Broad band r a d i o l i nk  systems.  (2) . M u t u a l l y  c o r r e l a t e d

systems.  (3). discrete—address systems . (4)- . Autocorrelation systems.

(5) . Active systems . (6). Passive sys tems .  (7) . Sys tems  of i ncohe ren t

recep t ion. (8) . S y s t e m s  of coheren t  recept ion .  (9 ) .  S y n c h r o n o us

systems. (10). Asynchronous systems. (11) . Systems , with

time/temporary coding. (12). Systems with frequency coding. (13).

Systems wit h frequency—time cod ing. (14). Systems, with time—division

multi p lex. (15). Systems with freq uency division multiplex. (16).

Systems with frequency—time packing/seal.

Systems of such type make it possible tc most completely realize

potential interference rejection. Multiple— heams in them doe s not

limit the speed of transmission. At the same time it is necessary to

indicate som e factors, whic h impede and limiting their practical

realization. The greatest d i f f i cu l t i e s  are caused by the need for

precise sy nchronization of reference signals, developed in receptor ,

with those which are taken (accuracy of synchronization must be order

1/F for an incoherent reception and still above in the case

coheren t ) . For these  sys tems  is c h a r a c t e r i s t i c  also r e l a t i v e ly  long

in compar i son  w i t h c the r  syste ms t i m e  of n e t t i n g ,  t h a t  lowe rs the

re t icence  of work and impedes  t h e  wor k w i t h  shor t  p e r f o r m a n c e s , a n d  
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the relative complexity of the pract ical so lu t ions  by t h e  use of

multiple beam characteristics, which lead s to an increase in the

overall sizes of equi pment , the costs and the complication of its

operat ion.

By m u t u a l l y  co r re l a t ed  pass ive  sys tems  t h e y  u n d e r s t a n d  such ,

wh ose i n f o r m a t i o n  a b o u t  received signa l s  is la id  in t h e

cha rac te r i s t ics  ~f t h e  matched  f i l t e r s  of receptor .  Such s y s t e m s  also

make it po ssible to realize potent ial interference rejection, and

multiple—beam characteristics in them it does not limit the speed of

transmission of information . In principle these systems for the

realization of t~e optimum conditions of reception require

synchronization witt-i the accuracy of order 1/F. To synchronize is

necessar y the torque/moment of the reading of output output potential

of matched filter. However , these systems , after allowing small

energy loss, it is possible to forego synchronization to generall y or

considerably lower requirement for its accuracy. The realization of

such systems leais also to sufficiently bulKy equipmen t /devices and

is conjugate/combined with the determined technical difficulties . In

more detail the operating pr inciples of mutu ally correlated systems

and pat h of their realization are examined in chapter 3. An example

of mutually correlated system is the system “Rake ” [44].

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Both active and passive mutually correla ted systems car. be

divided to two classes: wit h coherent and wit h incoherent by the

receptions of signals.

Page 36.

As it was shown into §1.3 , in the general case the adopted broadban d

signal it is represented in the form

‘p —
x ( t) E ~&, E Ak cos [kw o ( t tp) +4 1~~+~~ J .

I — I  k — k 1

For a coherent reception at receiving end must be known the

amplitudes (relative values) ot all components of signal. AM , the

initial phases Cpk, the phase shifts of each component 
~p,,, and the

mean propagation time for all ra y/beams tp. With incoher?nt reception

must be known all the same values, except the initial phases. The

initial phase of th e incoming signal in this case either is unknown 

—~~~~ - ~~~~~~- —~~~~~-~~~~~~~~~--- —----- - —
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or it is not utilized and , inasmuch as in the initial phase of

received signal also is contained certain information about the

transmitted report/communication , utilize d with coherent reception ,

the probability of error for the methods of incoherent reception

proves to be larger.

The t heoretical examination of a com pa rative free~ om from

interference of systems of coherent and incoherent reception shows

that at the high values of the authenticity of reception , determined

by the probability of the error of order 10~~ — 10 ’, the energy loss

of incoherent systems does not exceed 1 dB . At the same time the

pr act ical realization of the diagrams of cohe rent reception is

conjugate/combine~1 with the considerable technica l difficultie s,

which moreover are aggravated by instability in time of the phase

responses of the medium of propagation. In connec t ion wit h this in H

c .~t tair cases are moi e advisable the systems of incoherent reception .

*s “hear ;tou p cf broadband systems form the systems

- vf.• I -I’I ofl whose freedom from interference is worse th an

-)r t~~14 ’eI . Ho we ver , they differ significant ly from th r~

. ‘~~ ~nr -; i if ’iibl y larger simplicity of realization and

:~~ ‘~~~v l v  h i  ~h~-r reliabili ty and the compactness of

-
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equipment . Very is substantial also the fact that the autocorrelation

systems little subjected to the ill effec t of multiple—b ea m

characteristics and dispersity of the ionosphere and , as a rule , do

not req u ire the high frequency stability of radio link.

Autocorrelation systems at the same time have that advantage t hat in

them as carrier it is convenient to utili ze cuts of whit~ noise ,

i.e., to utilize in the complete sense of word “noise—like ” si~inals . -
j

Page 37.

Let us note that in all mut ually correlated systems are utilized the

signals, which rather one should call/namenoise—like, sinc e in

reality they are completely regular and the precisely precise

knowledge of th eir struct ure makes it possible to successfully

isola te them from noises in receptor.

The com parison of the freedom from interference of the systems

of autocorrelation reception with the systems of incoherent recept ion

shows that their energy loss turns out to be equa l app roximat ely

j/7~ i.e., by 3u fficiently considerable. Their use therefore turns

out to be advis abl e only if the- advantages , noted above , have more

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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important value. By an example of autocorrelation system is the

syste m with so—called korre lL&qionno— time/temporary modul ation ,

proposed in 1959 in GDR [21 , 49], examine/considered in detail in

chapter 4.

One Additional Group of broadband radiolink systems form the

so—called discrete—address systems , which are in essence mutually

correlated and those found use applica t ion/use for an army

radiotelep hone circuit in VHF range. In these systems in transmitter

each informationa l cell/element is coded by the dialing/se’ ot

signals, intended only for a communication /connection with ~h~-

determined subscriber. Receptor isolates the only signi Is, inten ded

to this correspondent , and it does not accept others, although the y

are emitted in the sane frequency ha nd. As signals here usuall y is

utilized the dialing/set of short radio pulses. In this cas~ can be
L~

Ø
~4V~~ / 1&

used in princip le any form of the pulse m o d u l a t i o n :  AP!~A~, D P M g p u l se

position modulation
A
, pulse— frequency modulatior~ KrM,~ ,delta

modulation , etc.

Discrete—address systems are of two type s — synchronous and

asynchronous . In synchronous systems are appli ed orthogona l si-dnals.

The transmission of information from one subsc t iber here is strictly 

—~——-. --~~~~~~~~~~~~~-----~~~~~~~~~~~~~~~~ -- —--~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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synchronized. Synchronous systems can be both wit h time/temporary and

with frequency division multiplex. During the time—division multiple x

between orthogonal signals is provided the constant temporary

displacement and is allow/assumed the cverlap of the spectra.

Page 38.

During frequency division multiplex the spectra of signals must not

overlap, but the orthogonality of signals mus t be provided in any —

tempo rary situations of signal.

In asynchronous discrete—address systems usually are appi ied

ronorthogonal signals. Let us note that- during the operation of the

discrete—address radio communication systems of the large number of

subscribers is observed the phenomenon of self—regulation . This is

caused by the fact tha t with an increase in the number of subscr ibers

incre ases t h e  level of in ter fe rences  a n d , t h e r e f o re , d e t er io r a t e s  the

quality of communication/connection , in consequence of which the

subscribers turn out to be those which were forced to spe a k  slowe r or

to cease work. In this case for the remaining subscribers the quality

of communication/connection is improved. Those, who do not nee d 

_ _ _  _ _  _____________________________
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urgent communication/connec tion, automatically will wait the more

right/lung conditions of communicaticn /connection. Syst-~ms of such

type are examined in greater detail in chapter 5.

§1.5. On the reticence of broadband communicating systems.

In a number of cases to communicatin g systems is presented the

r e q u i r e m e n t  fo r  re t icence .  An especially important value this

requirement acquires for the systems of army radio communication.

The general r e q u i r e m e n t  f o r  t h e  re t icence of r ad io  c o m m u n  ica -’ ion

f ai l s  in to  t h r e e  i n d e p e n d e n t  r e q u i r e m e n t s :  f i r s t, th e  p rov i s ion  for  a

reticence of the very fact of the work of radio link (transmitter)

in the second place , the provision for a reticence of the fact of the

presence in this s igna 1 of i n f o r m a t i o n ;  t h i r d  1 y , the provi  si on for a

reticence of information itself.

All these three requirements broadband radiolink systems

satisfy, as a rule, somewhat latger degree than usual , narrow-band.

As has already been spoken above , in broadband systems are applied 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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the serrated signals with base FT >> 1. It proves to be tha t when

usin g such signals the reception of discrete information can be

realized in the power of signal, per unit of the frequency band

smaller than the spectral power of the fluctuating interfere nces in

the utilized band of freque ncies, i.e., seeming ly go under noise. In

other words, it turns out to be possible to conduct the reception ,

when signa l to usual narrow—band receiver simply is not audible. Let

us exp lain titis in somewhat- more detail.

Page 39.

with the pie ce—by—piece incoherent reception of discrete

information the probability of error for a binary system with active

pause (in the case of channel with the constant pa rameters) is

determined by the expression

~~=...L e~~~2~ (1.5.1)

where - the ratio of the energy of signal (P0T) to the 

~---— __ _ _ _
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spectral densit y of fluc tuating interference (v2).

Consequently, under conditions of the effect of fluctuating

interferences the probability of the error una mbiguously is

determined by value h2, which cnaracterizes the excess of the signa l

above interfere nce.

At the same time

ht=~~
T
~~~~~FT: (1.5.2)

where P, is power of fluctuating interference. From this expression
P0

it follows that in any relation •-
~-- it is possible to fit this value

FT (base of signal) , which will ensure the required for obtaining the

ass - ‘ned authenticity of reception value h2. For example , for

provi liny a probab ility of the errors of order 1O~~ — 10~~ in the

systc- m of incoherent recept ion in accordance with expression (1.5.1)

desir ed valu e h~~>2O. with the base of system more than twenty

relation ~~~~ . is retained less than unity. For the confident
Pu

.

- -~~~~~ --—— 
_ _ _  _ _ _ _ _ _ _ _ _
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reception under conditions of a small relationship/ratio will be

required an increase in the base of signa l, which under practi cal

conditions is achieved either by the expansio n of band (F) , or by a

decrease in the velocity of the transmission of inform ation (by

increase T).

The reticence of the presence in the sig nal of information for

broadband communicating systems is provided (of course, only to a

certain extent) first of all by the no ise—like quality of signal ,

obtained as a result fairly complicated and almost in each case of

the specific coding.

Page ~0.

with reception to usual narrow—han d receiv .~r and to the broadband

receiver, in which is not utilized the information about the method

of signal conditioning of this broadband transmitter , its signal will.

be received as usual noise, whereupon transition from one realization

to another (pressure , relea se,) will not he notic eable. Recall again

that this noise can be in a number of cases even lower the level of

usual fluctuating interferences. The greatest reticence of the fact
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of the presence of information in noise signa l, apparently, can be

reached in the systems , where as carrier are utilized the cuttinq s

off of white noise.

The re t icence of i n f o r m a t i o n  i tself  in  b roadband  sys tems  is

reached by sufficient complexity of the codin g of signal and by

comparative simplicity of the exchange cf coding. For information

recovery is necessary the completely determin ed coherent

transformation of signal, whic h it is unknown in the point /item of

interception , and the parameters of this transformation can change

according to the concealed/latent before enemy progra m with

sufficient speed and complexity. It is natural that the extraction of

in formation even from the fixed signa l in such cases requi res to have

fairly complicates analyzing equipment , especiall y if one considers

that at the large values of ba se FT the number of possible for use

waveforms turns out to be ver y large.

From the aforesaid it follows that the bro adband rauiol in k

systems, as a rule , are self—contained in the sen se that the signals ,

intended to this correspondent , remain unavailable for other. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Chapter 2

RADIO JANMIN GS. optimum method s of radio r..ecept ion.

§2.1. General noise characteristic of radio communication .

—~~ - — -—~~~~~~~ --~~~~~~--
~~~~~-~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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one of the most impo rtant requirements, presented to the systems

of military radio communication , is the correctness of the

information , transmitted from information source to recipi ent. Under

pract ical conditions fulfilling this requirement unavoidably t hey

block the various k inds of the interferences, which are caused by the

following factors:

— — by the outside interferences , which enter the input of

receptor from the communication channel;

— by the internall y—produced noise, whic h appear in the quit e

receptor;

— by the radio—signal distortions , connected direc tly with the - -

passage of signal along channel.

Let US exa mine each of these factors in somewhat more det a il.
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Outside interferences appear as a result of the different

natural elec~ romaqn etic processes, which take place in the

atmosphere, the ionos phe re and outer  space ( a tmosphe r i c s , cos m ic

nois~s, etc) . Furthermore , the y are created various kinds of

electrical dev ices (the so— called ma n— made interferences) and

numerous foreign radio stations, f inally, outside interferences

(especiall y on the lines of military radio commun ication) can be

called the specia l jamming transmitters , used at the point of enemy

for the disorganization of the work of radio aids.

Internally—produced noise of recep tor appear as a result of the

chaot ic thermal electron motion an d ions in t h e  ce l l/ e l emen t s  of the

receiver itself.

Page 42.

The fundamental ~f these noise sources are electron tubes , the

se m i c o n d u c t o r  devices , t h e  res i s to r/res i stances  and o t h er

cell/ele ments of diagram. 

~~~~~~~~~~~~~~~~~~~ -
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Both outside inter ferences and internally—prod ucci noise of

receptor are superimpo sed on signal and distort it. The

charact eristic feature of these forms of interferences is the fact

tha t they are independent of signal and occur even when signal on

o u t p u t  of receiver  is absent .  On t h e  basis of th i s  p r o p e r t y  t h e

outside interferences and internal ly—produced noise were called the

name additive interferences. According to its properties the mostd

wi del y use additive interferences can be broken into three basic
groups: fluctuating , concentrated (sinusoidal), and pulse.

Fluct uating interference in the general case is chaotic ,

irregular change in time of the stress or current in any electrical

circuit. In telephone com munication the fluctuating interference is

in the form of the characteristic noise, audible in telephones.

Therefore it frequently they call also by noise interference or

simpl y by noise.

For t he  illustration of noise interference Fig. 2. 1. 1 shows the

form of fl uctuating stress (“noise path/track ”) from the output/yield

of the receptor , observed in the screen ot electron oscillograph.

Figure 2.1.2a shows not distorted by th :~ integrating effect of screen

the structure of te voltage of the same source, removed durin g one
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perio d of scanning/sweep, while Fig. 2. 1. 2b , C gives the structures

of the stresses at other moments of time.

- 

~~~~~~~~~~~~~~~

Fig. 2.1.1. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Page 43.

Interna lly—produc ed noise of receptor — a typica l example

fluctuating interferences are many forms of atmospherics, cosm ic

noises, etc. Fluctuating interfere nce exists at the output/yield of

receptor continuously, and its spectrum virtually fills entire band

of frequencies of the receiver..

The concentrated interferences were called their name on the

strength of the fact that basic part of the power of such

interferences was concentrated in the sepa rate relatively smal l

secticn s of frequency band , as a rule, smaller than the passband of

receiver Usuall y basic part of the power of the concentrated

interference is arrange/located iii the frequency band , com mensura b le

with value l/T, where T is a duration of the cell/element of signal

during the transmission of discrete report/communication.

page 44.

Such interferences have relatively prolonged in time char acter and
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are sinusoidal high—frequency oscillations, modulated from one or

several parameters (amplitude , frequency, phas€)

For an example Fig. 2.1.3 shows the temporary forms and the

• spectra of the concentrated interferences in the form of not

modulated and moinlated in amplitude HF oscillations.

• The concentrated interferences are created by the signals of

extraneous radio stations, for examp le by the sig nals of

radiotelegraph , broadcast , television radio stations, and also by the

emission/radiations of the high—fre quency oscillators of different

desig nation/pur pose (industrial, medicinal ) etc. A change of the

• parameters of the concentrated interference in the place of reception

• depends on the conditions of signal conditioning of the sourc€s of

i n t e r fe rences, on the  c o n d i t i o n s  of the propagat ion  of these  s i gna l s

and , as a ru le , it has ran d om c h a r a c t e r .

It shou ld  be noted  t ha t  to t h e  act ion of t h e  concen t r a t ed

int er ferences are especial ly  sub jected the c h a n n e l s  of c o m m u n i c a t i o n

in the ranges of long, average and short waves. This fact is the

consequence of the conditions of radiowave propagation under the
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indicated ranges, in which the emission/radiat ions of transmitters

create the noticeable strengths of field at considerable distances.

However , with the large number of concentrated interferences , which

is observed in these ranges sufficiently frequently, they store/add

up and form in the place of reception the interference , which differs

little from noise interference . At the same time in. a number of cases

to the input of receptor can enter the separa te concentrated

interferences, which sharply are isolated against

common/general/total noise background and the y have pow~ r,

ccmmensurable with the powe r ~f useful signal or which exceed it .

Under pulse interference it is accepted to understand this

regular either chaotic sequenc e of the mixing

momentum/impulse/pulses , by which for time of the duration of the

cell/element of signaiTtor the input of receiving of device enters

cne or the small numb er of momentum /impulse/pulses 1 •

FOOTN OTE ‘. If for time of the cell/element of signal for the input

• of receive r en te rs  the very  l a r g e  n u m b e r  of m i x i n g

• momentum /impulse/pulses, then the effect of this interf~ rence

v i r t u a l l y  in no w a y  d i f f e r s  f r o m  t h e  f l u c t u a t i n g .  E N D F O O ? N O T E .  Page

‘45.

~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~~~~~~ • ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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The mixing momentum /impulse/pulse is any interference , wh ich has

the d uration r, considerably less than duration of the cell/element

of signal (Fig. 2.1.14). The rea l mixing momentum /impulse/pulses have

a duration of order 10 5_ 10 8 s. Despite the fact that the pulse

interference operates very short time , it can substantially lower the

correctn€ss of the transmitted information , since interference

spectrum fills entire band of frequencies of the receiver and its

en ergy can be very considerable.

The pulse  i n t e r f e r e n c e s  inc lude  m a n y  a tmosphe r i c s ( f o r  e x a m p l e ,

l i g h t n i n g d i scharges )  and  i n t e r f e r e n ce s of t he  i n d u s t r i a l  o r ig in:

i n t e r f e r e n c e  f r o m  t h e  devices of t h e  eng ine  ig n i t i o n  of i n t e r n a l

combustion , gas dis charges, interferences trom the electric power

lines, etc.

Anoth er very widespread factor of a decrease in the correctness

of the transmitted information are signal distottions because of

random changes in the state of the communication channel. Such

distortions cause random modulation of sig~tal on amplitude , frequency

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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or phase and develop themselve s only during the passage of signal

along the real link of communication/connection. They were called the

name multiplicati ve interferences. Np

u(t) ,

- A ~

F~~. ~~~~~. ,.
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One of the  mos t  popular  t y p e s  of m u l t i p l ic a t ive i n t e r f e r e nces ,

that are inherent in the ma jority of radio channels, is the effect of

sig na l fading at the input of receptor , in other words, the effect of

the continuous and irregula r fluc tuations of signal level at the

point of recept ion. Depending on the character of these fluctuations

differentiate common/general/tota l (flat) and selective, rapid and

slow fadings [24, 36]. The det erminations and the general

characterist ic of the indicated types of fading s were given in ~1.3.

The ph ysical cause for fadings most frequently is multi ple—beam

characteristics :13].

The examined types of additive and multiplicative interfe rences

cause the  random in time character of receive d signals, whic h

prev iously cannot be predicted . Because of this descends the

correctness of tne t r a n s m i t t e d  i n f o r ma t i o n  in any c o m m u n i c a t i n g

system. At the sane time so on use for the transmission of the

report/communications broadband signal is a series of the specific

special feature/peculiarities. For examp le , such communicating

systems provide higher noise—resistance under the influence of the

single concentrated noise , in channels with multiple— beam



F— — - 
~~~~~- - -  -

DOC 770140122 PAGE

charac te r i s t i cs, e tc .  To account  fo r  th e s e p e c u l i a r i t i es  of broa dband

signa ls  and  a f fe c t in g  them noise is necessary p robab i l i s t i c, s t a t i c

approach .  F u n d a m e n t a l  p u n t y  about quantitative noise characteristic

i n t h i s  app roach  a r e  g i v e n  in t h e  f o l l o w i ng  p a r a g r a p h s  of t h e  pre sent

chapter .

§2 .2. R a d i o  j a m m i n g s  as r andom process. Concept  of r a n d o m  processes

and t h e i r  f u n d a m e n t a l  characteristics .

Fl u c t u a t in g ,  c o n c e n t r a t e d , pulse in t e rt e rences , and  a l so  signa l

d is to r t ions in the c o m m u n i c a t i o n  c h a n n e l s  a re  according to t h e

te rminolog y of the p r o b a b i l i t y  t h e o r y  of d i r f e r e n t  k ind  ra nd om (or

stochastic) processes. Under random process it is accepted to

understand this function of tine, which in the course ot experim ent

can accept one or a n o t h e r  conc re t e/ spec i f i c/ actua l  form , h u t  is

u n k n o w n  p r e v i o u s l y ,  as whic h precisel y 1_

FOOT N OT E 1. In p rac t i ce  can be encoun te red  the  random processes ,

which depe nd not on time , but from any othei argument . for example , a

change in the temperatur e of air in the different layers of th~

atmosphere depenis randomly on the height/altitud e of layer , etc.

- -•-~~~~~~~~~~~----~~ ~- -
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ENDFO O TNOTE.

Let us e x p l a i n  t h i s  d e t e r m i n at i o n  w i t h  the  aid of f o l l o w i n g  an

ex a m p l e .

Page 148.

Let us assume tha t there  is t h e  large  n u m b e r  N of c o m p l e t e l y

ide n t i c a l  rece ivers  ( t h e  “en semble ” of the  receivers) , w h i c h  wo rk

simultaneousl y in identica l conditions. Let at the output/y ield of

each of them be observed the random process ~ ( t )  (Fiq. 2. 2. 1) . T h e

concrete/specific/actual form (oscillogram or photog raphp , whic h

acq uires r a n d o m  process a t  the ou t p u t/ y i e l d  of any  of t h e  rece ivers ,

i.e., in the  r e su l t  of one e x p e r i m e n t , it is cal led t h e  r~~a l i z at i o n

cf random process.

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _  -~~~ - •-~~~~~~~~~~~~~~~ —~~~~——--• _ _ _ _ _
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The tota l i ty of ~ll realiz ations F ,1 (t) , ~,( I),  ..., ~~(() forms set or the

ensem ble of the r e a l i z a t i o n s of random process. Each realization

i = 1 , 2,  ... , N is certain concrete/Specific/actual function of

time. However , realizations at the output/yield of each of the

identical receivers will be differ ent, i.e., the values of ar gument t

do not determine the unambiguously appropriate values of rand ot~

process. In this is an esse ntial difference in the random proc ess as

f unc t ions  of t i m e  of t h e  d e t e r m i n e d  ( r eg u l a r )  f u n c t i o n .

It is n a t u r a l  t h at  the  r a n d o m  process is d e t e r m i n e d  by e n t i r e

totalit y of the possible realizations. The number of litter in

ensemble is how convenientl y large. In our example it was limited by

value N onl y for the clearness of presentation.

Let us fix now the moment of tim~ , for example , t = t 1 (Fig.

2.2.1), and let us produce for this torque/moment the re3i inq of the

values of random process at the output/yield of each of ~hA
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receivers .  Then w~ o b t a i n  m a n y  r andom va lue  ~~~~ ~2(t l ) , • . . ,  ~N(t,),whicb

correspond to t h e  real izat ion of random process a t  t h i s  m o m e n t  of

t ime . T o t a l i t y  ~1 (t i), ~2(t1), ..., ~~~~ for m s r a n d o m  v a r i a b l e , i .e. ,  value ,

w h i c h  as a r e s u l t  of e x p e r i m e n t  can accept ce r t a in  va lue , wher -~upon

is p r ev ious ly  u n k n o w n , w h i ch prec ise ly .  T h i s  r andom v a r i a b l e  is

conv e n tionally des igna ted  as t h e  section of random process for the

poin t in t im e t = t 1. If we fix another moment of time t = t 2 (Fig.

2.2.1), then we w i l l  o b t a i n  a n o t h e r  r a n d o m  v a r i a b l e  ~I(12). ~2(t 2), •. .,  
~N O2)

and , etc. In the general case to the different moments of time will

co rrespond d i f f e r e n t  r a n d o m  va r i ab l e s  1•

FOOTN OTE 1~~ since t h e  n u m b e r  of rea l i z a t icn s  of process ~ ( t )  how is

conveniently great , these random variable s are continuous , i.e., each

of t h e m  has a count less  m u l t i t u d e  in of the  v a l u e s, w h i c h

co n t i n u o u s l y  t i l L  c e r t a i n  i n t e rva l  of the  values .  E N D F O O r N O T E .

In other word s, a n y  r an d om process could be considered as random

varia ble, which depend s on time (or any other argument)

Th u s , random process combines  in i t se l f  and  the feature of the

ra ndom v a l u e  and f e a t u r e  of t h e  f u n c t i o n :  w i t h  the f ix ~ 1/ r ecorded



t o rq u e/moment  in t i m e  it is conver t e d int o ran d cm v ar i a b l e , and as a

r esul t  of one e x p e r i m e nt  — into certain concrete/specific/actual

function of time.

I
Pag e 50.

Arise s the  ques t i on  concern ing  how to q u a n t i t a t i v e l y

rate/ e s t i m a t e  one or a n o t h e r  r andom process . A n s w e r/ r e s p o n s e  to th i s

ques t ion  is not e n t i r e l y  ev iden t .  Actually, the simple observa ’ion of

real izat ion ~~&)at the o u t p u t/y i e l d of any of N of receivers  (F i g.

2. 2 . 1 )  d u r i n g  t h e  determined interva l of time still nothing says

about  whic h it wi l l  be it on t h e  other  i n t e r v a l  of t ime , Or it does

not make  it possible to de t e rmine  the  possible r e a l i z a t i o n s  at the

outpu t/yield of o ther  identica l receivers . In exact ly  t h e  same m a n n e r

the  simple observa t ion  of a series of the va lues  of r a n d o m  process at

ce r ta in  f ixed/ r eco rded  m o m e n t  of t i n e  still nothing says  a b o u t  o ther

possible values in t h i s  section, or a b o u t  the values  of r a n d o m

proce ss in sections tor  o ther  m o m e n t s  of t in e . Answer / r e sponse  to t h e

place d question can be yes o n l y  w h e n  us ing  the p r o b a b i l i t y  t h e o r y .

Random process ~ (t) can be described quantitatively, if we for
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each cross sect ion of process at any moment of tine indicate not only

its possible values, but also describe these values from the point of

vi ew of the pro bab i lit y of thei r a pp ear ance, or ind ica te  t h e

p robab i l i s t i c  co lnmun icat i on/ connec t ions  b e t w e e n  the v a l u e s  from the

d i f f e r e n t  sections of p rocess. In order to  exp la in  t h i s  c o n f i r m a t i o n ,

let us ret u rn  a g a i n  to the examined above examp le.

Fig ure  2 .2 .2  dep ic t s  t h e  ensemble of t he  r e a l i z a t i o n s  of r a n d o m

proc ess ~ (t)  at t he  o u t p u t/y i e ld  of s y s t e m  f r o m  N of i d e n t i c a l

receivers.  Let us f i x  it at point  in tine t t 1.

~~~~~~~ 
_____ 
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From the  o b t a i n e d  v a l u e  part  ~ (t 1) , ~2(t 1) 1 ~iv( l ,)let us i s o l a t.-~ t hose  r 1

of the  va lues , wh ich  a re  inc luded  in v e ry  low ( i n f i n i t e s i ma l )  range

f rom ce r t a in  v a l u e  x 1 to x ’ +M.

Let us ex am in e relation n j /N. W i th  the  u n l i m i t e d  i n c r e a s e  in t h e

n u m b e r  of realization s N this relation determines prob~ hi 1ity that

the  random process ~ ( t )  w i t h  t = t1 ( r ando .  v a r i a b le ~ ( t ) )  w i l l

ren d er/ show w i t h i n  t h e  l i m i t s  of i n t e r v a l  (x -~-x +~ x) . ?he  i n d i c a t e d

p r o b a b i l i t y  is p ropo r t i ona l  to the  v a l u e  of interval ax a n d  de pends

on the  m o m e n t  of t i m ~ t 1 as on t h e  p ar a m e t e r .  M a t h e m a t i c a l l y  t h i s  is

reco rd/wr i t t en  as f o l l o w s :
P { x  <~ (t j ) < x +Ax~= W ( x ;  t 1)a x. (2.2.1)

I n this to formula the expression W ( x ~~; t
1) relates certain selected

by us possible value of random variable ~~(t1
) wi th  the probabi l i ty  of

its appearance. Let x 1 be any possible value of the random quan t i t y
Analogous with

r e l a t i o n s h i p/ r a t i o  ( 2 . 2 1 )  it is possible to det ermine th e  h it

p r o b a b i l i t y  or r a n d o m  va lue  i n t o  i n f i n i t e s i m a l  range in the vicinity

of v a l u e  x 1. t h e n  expression W (x 1 ;  t 1) w i l l  f u n c t i o n a l l y  r e l a t e  a n y

possible va lue  x 1 c o n t i n u o u s  r andom va l ue ~ (t 1) w i t h  t h e prob a b i l i t y

of i t s  a p p e a r a n c e , i .e . ,  it de te r m i n e s  the  law of •h e  p r o b a b i l i t y

d i s t r i b u t i o n  of this random variable. flay lily W (x1; t 1 )  is ca l led
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on e — d i m e n s ional p r o b a b i l i t y  dens i t y v a r i a b l e  x 1 or o n e — d i m e n s i o n a l

p r o b a b i l i t y  dens i t y  of rando m process 1

FOOTNOT E ‘. In a word ‘ one—dimensional” is emphasized that fac t t h a t

the probabili ty density W (x 1, ; t 1) is determined for one any moment

of time t 1. ENDFOOTNOTE.

P r o b a b i l i t y  dens i t y W (x1; t~ ) i t is represen t ed usu a l l y ,  as

this will be shown somewhat later, either in the form analytical or

in the form graphic dependence of i t .  O n e — d i m e n s i o n a l , p r o b a b i l i t y

density gives the total characterist ic of tne behavior of random

process at any fixed/r ecorded moment of time. I t  serves as bas e fo r

the probabilistic description of random process. However , this

characteristic is not exhausting for entire process as a whole , since

it does not  f u r n i s h i n f o r m a t i o n  on about  t h a t , are how t i g ht l y

interconnec ted the values of process at the different moments of

time , for example t 1 a n d  t~~~> t 1, as they aftect these values one for

ano the r and , etc.
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~~ othe r wor ds , o n e — d i m e n s i o n a l  d e n s i t y  n o t h i n g  speaks  about  the

d y n a m i c  lo udspeaker  of the development of process in tine. The se

in f o r m a t i o n  gives t w o — d i m e n s i o na l d e n s i t y .  ~y discussing analogously,

it is possible to introduce into examination three—dimens ional ,

fo u r — d i m e n s i o n a l  a n d  t h e , etc of p r o b ab i l i t y  d e n s i t y.  These

m u l t i d i m e n s i o n a l  lens i t i es  f o r m  t h e  pecul ia r  s taircase, r a i s i n g  on

which researcher i t  ob ta ins  consecu t ive ly  increas ing  v o l u m e  of

i n f o r m a t i o n  abo ut b e h a v i o r  of r andom process. O ne shou ld  aga in

empha size t h a t  the probab i l i t y  dens i t ies  g ive  the c o m p r eh e n s i v e

quantitati ve characteristic of random process.

In prac tice not always appears the need for the use of

mu l t i d i m e n s i o n a l  p r o b a b i l i t y  de nsities.  I n  a n umb er ot cases f o r  the

de sc r i p t i o n  of r a n d o m  process s u f f i c i e n t l y  it is to be r e s t r i c t ed  to

the  o ne—dime nsiona l of p r o b a b i l i t y .  F u r t h e r m o r e , in a ser ies  of

practica l problems , for example in  the  anal ysis of the

t r a n s f o r m a t i o n s  of the  spec t ra of s igna l s  and  i n t e r f e r e n c e s  in a n y

radio engineering circuit , the need for characterizing the process

the densit y function of probability, but suffic iently is to indicate

some numericai ratios , to a certain degree the characteristic most

essential features of densities. These qua n tita tive 

~~~ -~~~~~-- . -
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relat ionship/ratios are called numerical characteristics of random

process. From numerical characteristics let us let us point out to

those ha v ing  very l a rge  appl ied  va lue  m a t h e m a t i c a l e x pe c t a t i o n

(average value) , dispersion and correlation funct ion.

Ma thematical expectation (average value) of the process

m (t 1) = = f x1W (x 1; t1) dx 1. (2.2.2)

Mathematical expectation is certain average value (average

l e v e l ) ,  re la t i ve to  wh ich  in  t h i s  cross sect ion of process c ha n g e  ‘he

values of r a n d o m  v a r i a b l e  ~ (t 1) .  I n genera l, m a t h e m a t i c a l

expec t a t i o n  depends  on the  t i m i n g  t 1, i.e., it is c e r ta i n  n o n r a n d o m

f u n c t i o n  of t ime.

Pag e 53. 
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Fiqure by 2.2.2 fine/thin lines shows the realizations of random

process, and greasy/fatty isolated its mathematical expectal- ion m

(t).

Dispe r sion of the  proc ess

a’(t 1) = {E (f1)—~ (t 1)]2 ==
=~~~(xi_ ~~) 2 w(xi; t i) dx1. 

• 

(2.2.3)

Dispersion is the average value of the standard J~ viation of the

ra ndom variable in the section of process at t = t 1 from its average

value  in t h i s  same sect ion , i.e. , it charac te r i zes  the  degree  of

_ _ _  -.•.•-_____ _
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scattering the sep ar a t e  v al ues of ra n dom va ri abl e ~ (t1) relative to

its average va lue. The dispersion of process also is the

nonaccidental function of time.

Corre la t ion  f u n c t i o n

R (t 1; t2) = [~ (t 1) — ~(t~)] [E (t 2) — ~~t2)] . (2.2.4)

The co r re l a t ion  function characterizes on the average the degree

of the communication/connection between the va lues of rari~ om process

in sections for certain torque/moment of tine t 1 and of anothe r

torque/moment in time t 2. I t  also is t h e  n o n a c c i d e n t a l  f u n c t ion ,

which depends in the general case from two parameters t 1 an d t 2. In

detail correlation function and its propertie s will be examined in

~2. 3.

Let us note  t h a t  t h e  m a t h e m a t i c a l  e x p e c t a t i o n , t h e  d i spe r s ion

and correlation funct ion, determined by relationship/ratios (2.2.2) —

(2.2.4), are numerical chaaracteristics of mean for the ensemble of 

- .-— - -- ------ -~~~~—---- - - - —---,- - - -  — . --.- • -- — -- • - — - - —  —-
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r e a l i z a t i o n s  (or s i m p l y  e n s e m b l e  ave rage) , si nce t h e y  ar e  o b t a i n e d  by

mea ns of a v e r a g i n g  for  the  ass igned  •o m e n t E  of t ime  on en t i r e

multitude of realizations of r a n d o m  process ~ ( t)  . The f e at u r e  above

symbols in the indicated formulas indicates the sign of averaging on

m a n y r ea l iz a t io n s.

R a n d o m  p rocesses is accepted to d i v i d e  i n t o  t r a n s i e n t  and

st a t i c n a r y .  T r a n s i e n t  r andom process is c h a r a c t e r i s t i c  f a c t  t h a t  i ts

p r o b a b i l i s t i c  c h a r a c t e r i s t i c s  depe nd on t ime , i.e. , t r a n s i e n t  process

h as  t h e  de te r m i n e d  t endency  of d e v e l o p m e nt  in t im e .  t h e  presence of

st a b i l i ty ind ica tes  t h e  fac t  t h a t  t h e  r a n d o m  process o c c u r/ f l o w/ l a s t s

in time statistically uniform. Regarding the stationary process, at

whose all the probabilit y densities do not depend on the zero time

reference.

p. 
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Consequen t ly ,  f o r such processes o n e — d i m e n s i o n a l  p r o b a b i l i t y  d e n s i t y

doe s not depend upon  w h e r e  on t h e  axis  of t i m e  is selected the  m o m e n t

of time t 1, i.e., W (x1; t1) = W (x). The numerical characteristics

of stationary processes also do not depend on the zero time

reference. Specificall y, the mathematical expectation and the

dispersion of this process are in this case some constant values m

and • 2~ In turn , correlation function depends only on interval r = t 2

— t1, but not on values themselves t., t~ , i.e., R (t 2; t 1) R ( i ) .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -~~ - - -~~~~~~~~~~~~~~~~~~~~ -.~~~~~~~•~~--- --• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Stationary tandom processes frequently are encountered in

pract ice 1 •

FCOTNOTE 1• Sometimes for random processes they are limited only to

requirement for independence troiu the zero tine reference of the

average value, dispersion and correlaticn function. Such proce sses

are called s t a t i o n a r y  and wide sense [22]. ENDFCOTNOTF~.

As their exa m ple can serve fluctuating noises at the Dutput/yield of

receptor , the noises of resistor/resistances, of electron tubes, etc.

The concept ~f stability largely facilitates the investigation

of the random processes, which describe the properties, for example , -•

of telegrap h (including broadband ) sig nals in the communication

cha nn el s w i t h  t h e  f luctuating and other inter i~ rences.

as we saw , th e dens i t i e s  of p r o b a b i l i t y  and  t h e  n u m e r i c a l  

~~~~~-- ~~~~--- -
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cha r a c t e r i s t i c s  of suc h processes are descr ibed s imple r  t h a n  i n  the

case of transient processes. Besides  t h e  f a c t  tha t it is no t  less

importantly, for stationary processes is considerably simpler than

t h e  e x p e r i m e n t a l  d e t e r m i n a t i o n  of d i f f e ren t  n um e r i c a l

characteristics. Actually, the determinat ion of mathem atical

expectation , dispersion and correlation function from formulas

( 2 . 2 . 2 ) , (2.2.3) and (2.2.4) requires knowledge sufficient larger

amoun t of realizat ions of random process are rela ted with cutsbersom~

calculations.

The p resence of s t a b i l i t y  as t h e  s t a ti st ical u n i f o r m i t y  of t h e

beh a vior of prOCeSS in t i m e  r u n s  a g a in s t  t h o u g h t  abou t  t h e  f ac t  t h a t ,

appa r en t l y ,  for t h i s  process t h e  on ly  cne r e a l i z a t i o n  f o r  a

sufficiently lon.j interva l of observation possesses the prop~ rties,

cha rac te r i s t ic for e n t i r e  process as a who le , a nd it a l l o w s  i~ w i l l

determine a series of its characterist ics.

Page 55.

Having onl y one realization of pr ocess, possihl.~ it woul d he

sufticient simp ly to find its mathematica l expe ctat i n, utilizing the
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formula

m= 
~~~~~+/

‘
~l (t)Q’t~ (2.2.5)

whe r e T — the duration of the intert al of observation ; 
~ 

(t) —

certain reali zation of process in t h ~-s interval.

Actually this expression characterizes the constant compo n~ nt of

process. So, it ~ ( t )  there is certain stress cf complex form , then a

— the constant component of this stress (Fig. 2.2.3).

— — -~~~~ --—-  - -
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The dispersion is determined by the relationshi p/ratio

a2 = ij m _~L1 [~ (t) — rn] ’ dt - (2.2.6) 
-

and characterizes the power of the variable component (fluctuations)

cf process 1•

FOO TNOTE ~~. It is necessary,  however , to  keep in  mind  t h a t , a l t h o u g h

the dispersio n characterizes the power cf the fluctuations of

process, these values they have differcnt dimensionalities .

Elect rical power is ex pressed in watts, and dispersion - in volts or

amperes  sq uared.  D i spe r s ion  is n u m er i c a l l y  e q u a l  to power , i f  r a n d o m

process, which is stress or current , operates during

resistor/resistance into 1 ohm. ENDPOOTNOTF.

In turn , the correlation function

_ _  . - _ .--- --_ _~-_ ---- 
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I T
R( ~v)= Urn — - f [ ~1 (t) — m] [~1(t ± v) .— mj d t . (2.2.7)

7’ -. .. . o

Values a, ~~2 , R ( r ) ,  found with the aid of relations (2.2.5) —

(2 .2 .7 )  b y means  of ave r ag ing in s u f f i c i e n t l y  lar ge t i m e  i n t e r v a l ,

ar e called t ine  a v e r a g e .  Quest ion is comprise d only in that ,

corr espond to ensemble  av erage va lues , st r i c t l y  d e f i n el  by  f o r m u l a s

( 2 . 2 .2 )  — (2.2.4). It prove s to be t h a t  a m o n g  s t a t i o n a r y  proce sses

are many processes, which possess the remarkable property of

er godici t y .  The essence of t h i s  p r o p e r t y  is comprised in the fact

tha t  for  such processes a n y  p robab i l i s t i c  c h a r a c t e r i s t i c, ob ta ined  by

means of averaging on the ensemble of realization s with probability,

how is convenient to close to unity, is equal to the analogous

characteristic, obtained f rom s ing le u n i q u e  r e a l i z a t i o n  of process by

mean s  of a v e r a g i n g  for  s u f f i c i e n t l y  l a rge  t i m e  i n t e r v a l .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~“~~~~~~- - - --- ~~~~~~~~~-. - _  
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Th us, fo r e rgodic  processes t i m e  ave rage m , 02 and R ( r )  are

equal to analogou s characteristics , obtaned by averaging p to the

ensemble of realization. This property very widely is u ’i l i ze d  in

theory and practice of r a d i o l i n k  s y s t e m s , whe re t h e  r~a i n  role play

I the stationary processes, whicl. possess the property of ergodicity.

Therefore further will be examined the cnly such processes.

~2 .3. C o r r e l a t i o n  f u n c t i o n  of s t a t i on a r y  process.

The va lues  of r a n d o m  process at t h e  d i f f e r e n t  m o m e n t s  of ~im e

are mutuallyed— depend. This means that its some values cannot

arbitrarily pass to others. In ether words, the preceding/previous

values of process t~~ a certain deg ree ~redeterm in~.~ th~ nearest

subse quent values.

Pa ge 57.

t h e  in t e r d e p en d e n c e  of the va l ues of process  at  t h e

d i f f e r e n t  m o m e n t s  ot t i m e  can be e x p l a i n e d  by t h e  f a c t  t h a t  each

rand om process operates  in rea l s y s tem , or the  e l c ct r i~-i l  ci r c u i t ,
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which possesses inertial properties. The presence of inert  mess l i m i ts

the rates of change in the process. These communication/connections

bet ween the va lues of random process at the different m oments of time

bear probabilisti c character. For their quantitative

estimate /evaluation on the average is utilized the numerical

characteristic of p rocess, called correlation function.

In the present paragraph fundamental the attention will be

allotted to the correlation function of the stationary process ~ (t),

wh ich possesses ergodic property, i.e., to such functions , with which

we encounter duninq the study of the properties of bro adband signals

in noisy channels.

The interfer9nce of the various kinds of int erferences is

determined by t h e  power of the variable component (by fluctuation) of

process. The constant component (average value) of process u s u a l l y

nothing adds to the interference of interference and in

concrete/specific/actual diagram s always can be easily filtered out .

Therefore subsequentl y, if this is not specified especiall y, the

mathematical expectation of process ~ (t) is eliminated from the

examination by the assumption that ui = 0. Then correlation function

(2.2.4) assumes the form
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R ( t ) = E ( t )~ (t + c). (2.3.1)

Correlation function (2.3. 1) possesses the following properties.

1. It  is t h e  eve n f u n c t i o n  of a r g u m e n t  i, i.e.,

R (j v ) = R (— j
t). (2.3.2)

This  pro pe r ty  is the consequence of the stability of process ~ (1- )

Actually, for a stationary process correla tion fu nction does not

depen d on the selection of the zero time refe rence t, -~u&j~ r m~4-a

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ but it depends only on

interval ~ between countdowns . Therefore the va lues of correlation

function for the moments of time t, t + i and t, t — i’ (see Fig.

2.3.1) take the form

R (
~
) = ~ (t) ~ (t —+— t ) = 

~ 
(1) ~ (t — 

~
) = R (—w). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~- “----- -- ~~~—-~~~~~~- --~~~~~—.-~~~~~
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2. With i- = 0 value of correlation function is equal to tie

dispersion of p rocess , i. e. ,

R( 0)=~17T)=~’. (2.3.3)

3. Th~ absolute value of co r r e la t i on  f u n c t i o n at a n y  va lues  r

ca n n o t  exceed i t s  v a l u e  w i t h  r = 0, i.e., ~

I R (t) <a~• - (2.3.4) - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----- 
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FOOTNOTE 1~ The proof of this confirmation the reader can find , for

example , in [8.22). ENDFOOTNOTF.

4. For the station ary process, which possesses ergo~ic property,

is correct the relationship/ratio

u rn R (v) =0. (2.3.5)

This result means that with an increase in the interval e’ amon J two

sections of process the dependence among the values of process in

th~~ e cross sections determined by relationsh ip/ratio (2.3.1), ev er

more wea kens and it vanishes. For the values of range T from 0 ~O

sufficient ly large r the character of a chang e in the ~orrelat ion

- - - - *~~~ - - - - ---.--_----- --—- -_-- --~ —_---_—.- -—-~--- ~~~~~~~~~~~~~~~~~ -~~-~~- -~~~~~~~~ ~-~~~~~~~~~~ ---~-~
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function can be different. W ith this P (v) it can take bot h the
positive and negative values, included in absolut e value between 0 2

and zero.

Figure 2.3.2 gives the curve/graphs of two correlation functions
of random processes, very being f r e q u e n t l y  encounte red  in prac t ice .

Fig. 2.3.1. 
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J1L~~ L.J.._~M Page 59.

The first of these functions characterizes the correlation properties

of fluctuating noises at the output/y ield of the idealized

oscillatory duct vith the resona nce curve , accurately repeating the

curve of Fig. 2.3.2a. The second correlation function is inherent in

noises at the output/yield of real parallel oscillatory duct. Both

correla tion functions satisfy the given above conditions. I1owever ,

the character of the i r change  w i t h  an increase r is various.

The correlation function of Fig. 2.3.2a is described by the

formula

R (~) = (2.3.6)

where a — certain constant value, as can be seen from figure , with an

increase ~ it monotonically vanishes . This character of behavior R

( r )  is inherent in the random processes, whic h are relatively slowly

changed in time.

Page 60.
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The correlation function of Fig . 2.3.2b is determined by the

re lationshi p/ra tio

R (
~

) = a~e
0 N cos w1; (2.3.7)

w h e r e ~ is certain constant; w 0 — change frequency correlation . From

the  f i g ure  one can see tha t  it w i t h  an i nc r€ase  T van i shes  not

monotonically, but consecutively reversing the sign. The negative

values R (-r ) attesting to the fact that in th~ appropriate interval r

most probable the different in sig n values randcm process. This

ch aract er of t h e  b e h a v i o r  of co r r e l a t i on  f u n c t i o n  is i n h e r e n t  in t h e

rapidly changing in time processes. The faster this change , the more

~I0.

For the majority of random processes, which describe the

distortions of signal and radio interference , virtually always it is

possible to indicate this finite tim e interval with excess of

which it is possible to count R (i- ) = 0. This interva l is called time

of correlation , and the va lue of random process w ith t> ~~ they are

called those which wer e not correlated.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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By time of correlation is understood this time int~ rva l

after which correlation function it attenuates to certain negligible

value , for example , to lo/o or of several percentages from maximum.

The value of time of correlation gives the representation of that , at

which on the average values r it is possible to set/assuae not

correlated the values of random process.

In practice very frequent ly are encountered the processes, the

p r ob a b i l i t y  den sities of which are described by the nor~ aI law of

d i s t r i b u t i o n  (see §2.6) . For these processes the lack of correlation

of the values determines simultaneously and their static

(probabilistic) independence.

since the process ~ (t ) possesses r’rgoIic property,

its ccrrelation function R (,-) cafl be determ ined by one real ization ,

by ut ilizing the relationshi p/ratio 

- - - -
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- T
R (~~= u rn J_. f  ~ (t) ~ (t + v) dt. (2.3.8)

7 = 0 0  o

Formulae (2.3.1) and (2.3.8) represent correlation function for

the value of just one process at the different moments of time .

Page 61.

Emphasizing this fact, in such cases t hey say that ~ (r) is

aelf— correlation function. In the ge ne ral case correlation function

can characterize the degree of the communication /connection of ‘wo

different random processes (for example , the stress of t~ie sum of

signa l and interferences with the stress of heterodyr ie in the

schematic of the converter of receiver etc.). 1n this case the y speak

about mutually correlated function (crosscorrelation funct ion)

_ _  -~- - -- - - - ----- —-- ------—- -—rn-----— -- .—--- ---- -_ - - -
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Let ~ (t) and be two stationary process with zero
~~~~~~L~

mathematical expect ations. Then their wutuall y correlaterl function
A

as time average , it is determined by the relationship/ratio

I T
RE. ~ (t ) — ui rn — f  ~ (t) ‘~ (t ± t ) dt. (2.3.9)

0

Unlike autocorrelation function , the crosscorrelation function is not

even, i.e.,

R~~ (~r) ~ = RE.~ (—~). (2.3.10).

If processes ~ (t) and 7~~t,
)are independent (and the average value at

least in one of them equal t .  zero), then R ~-O for all values r.

The proof of these proper t ies m u t u a l — c o r r e l a t i o n  f u n c t i on  the

reader will be able to find , for example , in works [21, 22). Concepts

auto— and the mutually correla ted function as the parameters of

signa l find quite wide application in the transmission sys+ ems of 

~~-—- -- ~~~~~~~~~ --- - --~~~
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discrete i n f o r m a t i on .  T h e y  are f u n d a m e n t a l  tor t h e  u n d e r s t a n d i n g  of

the operating principles of broa dband ccmrnunicating systems.

Formulas (2.3.8) and (2.3.9) indicate the possibility of the

simple experiment al determination ot correlation functions. in this

case there is no need for that in order that t — time of the

observation of the realization of process would be infinite . The

error in the determinatio n of correlaticn function because of finite
T

time will be negligib le , if ~~ considerably exceeds time of

correlation ~~~~, i..~. if it is made c o n d i t i o n  [2 1 )

(2.3.11)

Page 62.

The n it is possible to w r i t e  t h~ f o l l o w i ng f o r m u l a s  f o r  c o r r e l a t i o n

function:

L



ru.uI_u._uuuuu.u _u
~~

_

~

0__

~~~~

_ _____ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~-~~~~~~ 

DOC = 77050122 PAGE

R (
~) — 

—f- j
~
-
~ 
(t) E (t ± ~) dt;

0 (2.3.12)
RE. ,~ 

(~) -L f ~ 
(t) ~ (t ± v ) dt. -

Attempting to emphasize that fact that B (r) and (z) in these

expressions are determined in the finite interval of observation ,

they speak about short—term auto— and mutually correlate] functions.

The experimenta l computation of these functions is realized by the

special devices, which obta ined the na me of correlators , or

correlometers.

Figure 2.3. 3a depicts the funct ional diagram of the s imp l ’~st

correlator , which works in accordance with (2.3.12). rt includes the

f o l l o w i n g  f u n d a m e n t a l  e l e m e n t s :  d e l a y  u n i t  ( d e l a y  l i n e )  , multiplier , 
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the integrator and display.

Let us examine the operating princip le of correlator during the

computat ion of the short—term self—correlation function of process ~

(t). In this case the switch 111 is establish/installed in position

“1”. Let also th? switch I1~ be established/inst alled in certain i— -t h

position t h a t  co r r e sponds  to ce r t a in  f i xed/r eco rded  v a l u e  ~~~~
. (i = 0,

1, 2 , ... , in — the numb er of positions of switch). Then the inpu t of

multiplier enter signals (realizations of process) ~ (t) and~~ ’t~~Z;2,

displaced (delayed) one relative to another into the lines of dela y

for  a period ?~j (Fig. 2.3.3b) . In multip lier ~ ( t )  and t—z~)they

are multi plied either with the aid of electron—tube (transistor)

diagrams , or with the aid of the devices, which possess eftect of

multiplicat ion, tor examp le by the Hall effec t (21 ].

Voltage ~(t) 
.
~~(t—t~) enters t h e  i n t e g r a t o r  w i t h  t im e  of integration

1, at out put/y iel.1 of which is formed the value of autocorrelation

functio n J?~D~)(Fig. 2.3.3c). In concrete/specific/actual — ilagra ms the

integration can be realized , for example , wit h the aid of

chain/network RC , the low—pass filter cr special electronic circuits.

The result of integration enters the display unit , as which there can

be either measuring meter or oscillograph , etc. Page 63. 

— - - - —~~.—-
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Fig. 2.3.3.

Key: (1). Multi plier. (2). Int€grator . ( 3 )  . In d i c a t o r .  (4)  . D e l a y

line. Page 64.

By changing consecutively the positions of switch fl~ from r 0 to~

and by giving each time of computation , it is possible to obtain the

sufficiently complete representation of the nature of the

autocorrelation function of process. Of course, with this the values

of dela y time m ust be selected in accordance with the character

of a change  in the  cor re la t ion  f u n c t i o n:  to t  the correlation f unction

of the form , presented in Fig. 2.3.2a, it is possible to take the m

thinner than for the f u nc t i o n  of Fi g. 2 .3.2b.

During the determination of mutu ally correlated funct ion (switch

r1~ is established/installed in positior “2”) correlator works

ana logously.

The given functional diagram for computation auto- or to

mutual ly correlated function is placed as the basis of the operating

princi ple of the correlators, utilized in broadband comm unica ting

- 
~ - .
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systems (see §3.1 and 4.1). -

§2.4. spectrum of stationary process. -

Besides the probability density, and also of mathem at ical

expectat ion, dispersion , correlation the functions and of othe r

~umerjcal characterist ics, the properties of stationary random -

process to the certain degree can be described also by its frequency

spectrum. As is known , the concept of the spect rum widel y is u t i l i z e d

in radio engineering for the analysis of the determined (reqular ,

nonaccidental) processes. -

Jsually oscillating process in any electrica l circuit is 
-

repre sented in the form of the sum of the harmonic oscillation s of -

different frequencies . Then the function , which characterizes the

amplitude distribution of harmonics according to different -
~

frequencies , is called the spectrum of oscillating process. The

spectrum determ ines the internal structure of process, it indicates

t ha t , t h e  f l uct u a t i o n s of w h i c h  f r e q u e n c i e s  p r e d o m i n a t ?  in the

process being investigated.

_ _ _ _ _ _ _ _ _
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spectral representation c-an be applied also for the analysis of

random processes. However , in this case is an essential di fference

f rom the  spectral r ep re sen ta t ion  of the  de te rmined  process . If we

prese nt any realization of lust one process in the form of the sum of

harmonic oscillations, then the amplitudes of harmonics will be the

random variables, which depend on t h e  selected rea l i za t ion .

Page 65.

It is obvious tha t  in th i s  case t h e  concept of the  s p e c t r u m  of

amplitudes becomes meaningless , since it is unknown , which of the

rea l i za t ions  one s h o u l d  g ive  p re fe rence .  But  f o r  a rando m proc ess it

is possible to introduce this concept of the spectrum , which

considers the limitedness of the energy “resource/lifetimes” of

process and it is connected w i t h  a verage powe r Cf i t s  f l u c t u a t ions

(by dispersion of process u2). This concept is the spectrum of

average power, or the energy spectrum. It characterizes the

distr ibution of average power of the fluctuations of the harmonic

components of process, in othe r words, distribution accDrdirg to the

different sections of the frequency range of average power 

~~~~~~~~~~~~~~~~~~~~~~ ---~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _
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(dispersion) of process. This position is can illustrate Fig. 2.4.1.,

in which are shown the noise spectra, generated by thyratron (a) and

by neon tube/lamp (b).

Quantitativ ely the spectrum of random process described by the

spectral densit y of av erage power or by simple spectral density. The

spectra l density S (
~~

) is determined by relation containing in

intinitesima l frequency interval (from w to w + dw) of average power

of process do 2 to the width of this interval dw

S (w) =~~~. (2.4.1)
dw

_  -~~~~~~~~~ -~~~~~~~~~~ -~~~~ - -~~--~--—-- - -~ -~~~~~~~~~~~~~~~~ -~~~~-. _ _ _ _ _
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Key: (1). [VZfttHz). (2). (MHz).
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Page 66.

The sea~~e of this determination is illustrated by Fig. 2.4.2, in

whic h the shaded elementary section conditionally corresponds

infinitesimal value of average power d i 2. Spectra l density tepresents

the “height /altitude ” of this section, i.e., power densit y for

certain frequency w. As the function of frequency spect ral density

characterizes power distribution according to the spectrum. It is

obvious that the total power of random process is equil t~ the sum of

the power , included in all elementary section s within the limits of 

— ---- - --~~~~ - _ -—~~~~~~~~~~~~~~~~~~ — - — . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -  -=~~~~~~~~~
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the occupied frequency band , whic h in the general ca~ -~ ~an stretch

from 0 to —. Then the power of the process

a’ f S ( w) dw (2.4.2)

To evaluate the value of the frequency band , occupied by the

r a n d o m  process, is in t r o d u c ed the  concept of the wid th  of e n e r g y

spectrum , determined by relationship/ratio (22)

fS(w)do -

(2.4.3)S (we)

where S (
~~~~

) — t he value of spectral density at certain

characteristic fr?quency w 0 (appropriat e usually to the m aximum of

spectra l density) 

-~~~-- - - - - _ - -~~~~~ - -- -~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -~~~~~~~~ -~~- -
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As can be seen from formula (2.4.3) , the width ~f tse spectrum

Aw is equal to the foundation of rectangle with height /altitud e S

(w e) , that has t he  same  a r ea as the area, inc luded between the curve

of S (w) and the axis of abscissas (Fig. 2.4.3) 1~

FOOTNOTE 1 Sometimes by the width of the spectrum ~ w is under stood

the interval between so me extreme frequencies , at which the spectral

density is reduced to the determined leve l, for example to half from

the maxim u m value. The computation of the width of the spectrum at

the level of half from the m a x i m u m  v a l u e  of spectral densi ty and due

to fo r m u l a  ( 2 .4 . 3 )  b r ings  in t h e  m a j o r i t y  of cases t~ v i r t  u a l ly  v e r y

close results .  F NDFCOTN O TE .

In §2.1 it was noted that the radio interference possess

different energy spectra. Their spectra depend , in t :-~ first place ,

on the character of the source of interferences and , in the second

place , on that , through which circuits of selection passes the

inter ference.

- -—-~~~~ - - - - -- - -- _ _~~~ _~~~~~~~ --~~~~-~~ - - _ -  -- -— - . —
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Sources can generate interferences with so—called discrete

(lined) spectra~ whose harmonic frequen cies is mu ltip le to certain

fund amental frequency . Such spect ra possess, for example , some

concentrated interferences (see Fig. 2.1.)) or pulse interferences in

the form of regular sequence of mixing momentum/impulse/pulses.

The sources ef fluctuating interferences generate interferences

with the continu us (contin uous) spectrum , frequency c~ mp~ nents of

which are not multi ple one another (see Fig. 2.4.1). Such spectra I

possess fluctuating noises of receptor, various kinds atm spherics ,

noise s, created electronic tubes, and so fort h [13 , 18].

Page 68.

Depending on the character of spectral 3ensity as func~-ions of

frequency distinguish interferences with the nonuniform and uniform

spectra. The nonuniform spectrum possess, for example , atm osph erics,

inte n sity wh ich it decreases with an increase in the frequency , the

single concentrated interferences , the fluctuating noises , generated

by some electron-ion equipment /devices . Figure 2.4.1 depicts

nonuniform noise spectra , generated by thyratron and neon tube/lamp.

-~~~~ -~~~~-~~~- -—~ - ~~~~ --~~ S ~~~~~~~~~~ - -- -~~~ - - - - -~~~~~—~~~-— -- —~~ —
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Some sources ienerat~ interferences with the uniform spect ru m , i.e.,

with constant in certain sufficiently broad band spectral density.

The uniform spectrum pos~ess the noises, which appear in e lectron

tubes due to the presence of shot effect, the noi ses of

r e s i s t o r/ r e s i s t a n c e s, etc. Fo r e x a m p le , t h e  spect ra l  n o ise  d e n s i t y of

r e s i s t o r/r e s i s t a n c es  r e m a i n s  v i r t u a l l y consta n t  up to f r e q u e n c i e s

1013~ 1 0L4 Hz.

In a number of cases with sufficient accuracy it is possible to

assume that the fluctuating interference, which operates on the input

of rece pt or , possesses the uniform spectrum in unhimited l y wid e

f r equency  band  ( F ig .  2 . 4 . 4 )  . Th ~ r a n d o m  process , wh i c h  a p p r o x i m a t e s

fluc t uating interference with this spectrum , is called “white ” noise

by analogy with the white world /light, which has unifo m and

c o n t i n u o u s  s p e c t r u m  in the visible part 1~

FOOTNOT E ~~. U n l i k e  “ w h i t e ” noise f l u c t u a t i n g  i n t e r f e r e n ce  w i t h

n o n u r . i f o r m  spec t ra l  d e n s i t y  is ca l led  s o me t i m e s  “ pai n t e d ’  noise ( 3 9 ] .

EN D FO O TNO T F. 

~~~~~- --~~~~- -  - - - —-~~~ -- - - -
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Page 69.

The concept of “white ” noise is the very complete mathematical

idealization , used when within the limits of the passb ani of receiver

the spectral density of t h e  affecting rea l noise can be considered

approximatel y constant .

F u r t h e r , as a r e su l t  of t h e  passage t h r o u g h  the s el e c t i n g

elect rical circuits the spectra of real interferences turn out to be

to a certain degree those which were limited. In this case are

disti ng uished narr ow-band and broadband random process~ s [ 2 2 ) . Random

process is called narrow—ban d , it its spectrum is concentrated in

essence in the relatively narrow frequency band about certain

frequency w0. Mathematically the condition of narro w—b an i

characteristic is represented i~. the form

(2.4.4)

where ~~w — the wiith of the spectrum.

At symmetrical curve spectral densit y the frequency w~ is the

me dium frequency of the spectru m. The cond ition of narrow -ban~i

~

- - - -

~ 

-
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characteristic wea.:s that the width of the spectrum of process must

be much less than the medium frequency of the spectrum (Fig. 2.4.Sa).

Page 70.

The random process is broadband , if condition (2.4.4) is not

satisfied (Fig . 2.4.5b). Lot us note that one ought not to m ix the

concept of the broad-band character of random process with the

concept of the broad—band character of signal. When they tell about

broa dband signal in radiolink system, thereby emphasiz e that fact

that the spectrum of this signal is muc h wider than the spectrum of

the transmitted report/communication , i.e., the base of system FT >>

1. Howe ver, broadband signals just as all signals, used in radio

communication are narrow— band in the sense of determination (2.4.4).

§2.5. Communication/connection bet ween the correlation funct ion and

the spectrum of stationar y of process.

From the viewpoint of the properties of stationary random

process the spectrum characterizes the ra$ e of change in its
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instantaneous values, Figure 2.5.1 depict s to the realization of the

processes, in  spec t ra  of  which  are conta ined  the  d i f f e r e n t

componen t s , the  s p e c t r u m  of t h e  process of Fig. 2.S.lb containing

more high—frequency components , than the spectrum of t~ e process of

Fig. 2.5.la. As can be seen from figures, the instantaneous values of

process wit h the more high— frequency spectrum are characterize d by

the more frequent transitions through zero and by more rap id changes

in value. Np

~~~(t )

F~~. 
:?, .5-’. 1 .

1-~ :i~1 — 
~~~~~~~~~~~~
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On the other hand , the rate ot change in the instantaneous values of

proce ss is determined by its correlation function. It is obvious that

the correlation fu nction and the spectrum are mus t be

.utually—depenient . This interconnection is establish/i~:stalled by

the following two integral relationships:

R(~)=fS(w)cosw~dw; 
- 

(2.5.1)

S(w) = -~~- f  R (iv ) cos wvdr . (2.5.2)

Fo r m u l a s  (2.5.  1) and  (2. 5.2) were  s i m u l ta n e o u s l y  o b t a i n e d  by

Soviet scholarl y a. Ya.  b y Khinchi n and American scholar N .  W e i n e r

and frequently they are called by khinchina — Weiner ’s rel ationships

iII_ --~~~~5- ---- —-- - -  -~~~~~~~~~~- - - - - - -—----— - —--~~ - --— -_ -- -~~~~~~~~~~~~~~~ —4
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FOOTNOTE ~~. Let us note that relationship/r atio (2.5.2) is more rigid

than (2.4.1), b y the determination of spectral density. ENDFOOTNOTF.

These relationshi p/ratios have great practica l value. if is known the

correlation function of process R (-r ) , then with the a id  of formula

(2.5.2) can be found its spectrum S ( w)  . If  is known tti e spectrum of

process S (a) , then , by substituting its value in (2.5.1), it is

possible to determine the correlation function R (v). Furthermore ,

khinchina — Weiner ’s relationship/ratios establish/install the

i n t e rconnec t ion  b e t w e e n  t i n e  of co r re la t ion  and w i d t h  of t h e

spectrum ~~w: the wider the spectrum of process, the lesser time of

correlation, and vice versa.

Let us examine as an example the int erdependence of the

correlation function and specttutn for the limited on b in i fluctuati ng

noise. Let of this noise spectrum be limited by frequencies w 1 and w 2

(Fig. 2.5.2a), i.e., it has a wid t h ~~~~~ = — u 1. Let also the

spectral noise density be constant. Then it is eq ua l to S0 =

Let us designate by ~~~ = + w 1/2 the medium frequency of noisi-

~

--—

~

---

-~
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spectrum and assume that it is considerably greater than the width of

the spectrum (~ w << w 0) , i.e., the noise is narro—band . rhen ,

substituting in formula (2.5.1) expression for spectral iensit y S0,

and also taking into account that the integration limits for w are

included between extreme frequencies w1 and w 2,  we will obtain as a

result of the integration

sin—
R (~ ) = cos wt dci=a’ 

2 cos w~. (2.5.3)
-W I

2

Page 72.

The c u r v e / g r a p h  of t h i s  co r re l a t ion  f u n c t i o n  is r e p r e s e n te d  in 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __________ ~~~~~~~~~~~~~~~~~~ 
- - -• ---
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Fig. 2.5.2b.  From relationship/ratio (2.5.3) it is evident that the

corre lation function takes the form of harmonic oscillation with

f r eq u ency 
~~~~
, to the equal meaium frequency of noise spect rum , and

with the changing according to the law a.p 1itui~~. F ac to r - ~~~~~
2

is envelope correlation function which changes considerably slower

than “high—fr equency filling ” of cos w0r. The character f a change

in the envelope is determined by the form of the spectrum and depends

on the width of the spectrum of ~w.

S(w)

(U. -

(U1 
~~~~
a

RCV )

/  

$

.1~,= W ~ 
—

6 
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The prod uct of time of correlation for the width of the spectrum

compose s for the case in question value

It . (2.5.4)

It should be noted that the correlation function in the form of

“high—frequency filling ” cps w~~i with the slowly being changed

envelope is typica l for the narrow—band processes, which have the

symmetric a l relative to certair. medium frequency spectrum of

arbitrary form. Difference from the correla tion function of Fig.

2.5.2b will is only in the character of a change in the enve lope,

connected with the form of the spectrum .

Sta t ion a r y  processes w i t h  t h e  c o nt i n u O u s  s p e c t r u m  do no t  exha us t

all processes of such type. Are possible the stationary processes

which have discrete spectra. They include the processes, which

describe a series of the ra d io interference (concentratel , pulse) 

- —~~~~~~~~ - ---- -—~~~~~~~- - - -  ~~~~~~ 5 ~~~- — —~~~~~~~~~~~~~~~ -_ -- -_- -—-~~~~~~~~~ -~~~-~~~ - 
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Discrete spectra possess the utilized for a tra nsmission information

the signals 0f form (1.1.1). The presence of discreteness in the

spectra of such processes testifies to their periodicity. The concept

of correlation function is added to such processes. However , unlike

the examined earlier cases, when R (~) vanishes with r —~~~ ~~, the

correlation function of periodic stationary process itself is the

periodic function of argument r. For this explanation let us examine

some examp les.

Let us  examine the correlation funct ion of the random process

hi

E Ak cos(wkt+p*)=
h — k 1

hi

= ~ (a~ eQs COkt + b~ S~fl O) ht), (2.5.5)
k — h I -

where Ak and — some random the amp litude and the phase of the

K—th harmoni c component of process, connected wit h cz,1 and h,. the

relationship/ratios

__ -—.-—--~~~~~~~~~~
- -_ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Ak = Va~ +bL ~~~~~~~~~~~~~~~

(k 2 — k 1 + 1) — the number of the harmonic components of process;,’~
is constant angular frequency of K— tb component (t — period).

Page 74.

With ah =b k =O, a~=b~=aL a,b~,=a 1aj =b,b,== 0f or  a n y  i and j, included

between k 1 and k2, the process ~ (t) is stationary in the broad

sense, but its correlation functior~ is equal to [22)

R (~ ) = cos w5c. (2.5.6)
- h — k 1

Hence it is apparent that R (T) has a repetition period T.

_ _ _ _ _ _ _ _ _  
_ _  _ _  _ _ _ _ _ _ _ _ _ _
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The expansion of torn (2.5.5) frequently is utilized in pract ice

tor the representation of stationary (in the broa d sense) processes.

When the dispersions of harmonic components are ident ical ( °~ 
a~ ),

correlation function (2.5.6) assumes the form

Aut
SIfl~~~~~

R (t ) = a~ E cos kw0 v = 2 cos w,,,~v, (2.5.7)
k — k 1 FT sin~~~- 

- 
-

wher e ~w = (k 2 — k 1 + 1) w0 = FT w~~ 
— the width of the band of

process ~ (t); w.~~=
k2±1

~1 w0 — the medium frequency of the spectrum of

process ; a1 FTa~ — the dispers ion  of process. F r o m  ( 2 . 5 . 7 )  it follows

that in the case of the uniform spectrum ot process its correlation

funct ion is high-frequency oscillation with frequenc y to the

equal medium frequenc y of the spectrum , and by ervelope , b e i n g  slow]y
$ j fl~~~W~ /ch anged according to the law c~ F T s I n w~~f 2

---

~ 

.—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- ~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~ - ~---~~~ ---~~~~~
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The exemplary /approximate for m of correlation function (2.5.7)

for FT >> 1 is show n in Fig. 2.5.3. Ti m -~ of correlation in i-ho case

in question let us estimate approximatel y in  terms of th at value r ,

at which diffraction correlation function for the first time it

becomes zero. We have

4wt~sin —
a2 —~——— =0. (2.5.8)

FT sin~~~ .
2

- R(~r) -

~
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Fig. 2.5.3. Page 1 6 .

With FT >> 1 denominator of this expression changes considerably

slower than the numerator , i.e., the position of the first zero in

(2.5.8) is deternined zero numerator. Then to relationship /ratio

(2.5.8) is equivalent the equality

AWT I~sin—=O
2

or
+1v .

2 —

Hence it follows that time of the correlation 

~~~~~~~~~~~ —- =—= ~~~~~~~~~~~~~~~~~~~~~~ -~~~- - -~~~~~~ - -=
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~~= ± = ± (2.5.9)

Consequently, time of correlation is inversel y proportiona l to the

width of the spectrum of process.

From Fig. 2.5.3. it is eviden t that the envelope of corre lation

funct ion, besides the fundamental maximum with r = 0, has the

supplementary m aximums whose positions with FT >> 1 are determ ined by

the value s r, which satisf y the condition

~~wot=( k+ —L) it; k== 1, 2. 3... 

-~ ———-- -—~~~~~~~ - -- - -~~~~---—~~~~~~~~~~~~ ----- 
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greates t of t h e  s u p p l e m e n t a r y  m a x i m u m s , cor responlin ;  k = 1,

i.e., r = 3/2F, composes value

- -

FT sI n (~~ ) 
- FT~~~

considerably smaller tha n the fund amental maxi mum . Remaining

supplementary maximums have another va lue.

Let us not e that- the described character of a change in the

corre lation function is retained in general terms, also, f or a

periodic narrow—b and stationary process with the nonunif orm spectrum .

However , in this case the nonuniformity of the spectrum manifests

itself an increase in the t ime of correlation [6].

The concept of correlation function can be used not only ~o

stationary periodic processes, hut also to utilize with respec t to

determin ed per iodic processes [22].

_ _ _ _ _  _ _
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§2.6. Normal random process. F nvelope and the pha~~ of rar~~
w_
~~~T’~

norma l process.

The concept of no ma 1 ranoom process nlay~ ~~~ i m p o r t  in ~ r o 1 - ~ ~ ‘i

pract ice. This is caused by that fact tha t the larq~’ n um t -’ r ~~

sources creates interferences with the so—call,-- d norm al li w  ~~

proba bilit y density. As widel y confirm ed by ex p e r i m o r i t , ~h I r  ldw , i~ 

~~~~~~~~ - -~~~~— - ---—- -—-- - -~~-~~~ 
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particular , it satisfies the probabilit y distribu tion t t h .~

over w helmin g majority of fluct uat ing interference s (noi~~~ of

electron tubes, resistor/resistances and , 4—tc) . S pecificall y ,

connection with these interference s; most comp let~ ly i 3 v e lDp ~~ -~~~~

present the basic coniition/positions of the statistical t h~ orv of

communication/connection. The one—dimensional prob ahiiity Th1~~i t v

stationary norma l random proce ss is determin ed anal yti call~ 1~v

t~ I 1 lowin g exp r e s s i o n  [ 8]:

- (x— m ) ’
e 2.’ (2.6. 1)

where m and ~~2 are a mathema tical expecta ’ion and the 1~~~~~~~~~~ ’~~t~~~~~~ 
~

random process.

Graphically this dependence ~s represent~~I in P u .  .. . 1 -i . ~- s

can be seen from figure , prohalility densit y (2.6.1) t~~~es ~~~

bel l—shaped for m, sy m n e tr i c a l  r e l at i v e  to ~~u’~

expectation m. The m aximum value a prob abilit y densi t y his w i h :‘ -

m, and with an increase in the divergence ~o OHO si 1~ or t h - ’  ‘ •~~ 
-
~~

decreases, strive for zero when : x ~ ~~. The’ ]~~~ter “~~~i n~~ • h ~~ 

-
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theoret ically, although with small probability , are t~o3sibl r~ m v  ~

value overshoot s in realization normal random process. 1’he val~~ ~

the mathemat ica l expectation m characteri zes the po siti’r ~

distribution curve on the axis of abscissas. Durin q a ~~h~~ n j c ~ i n  v - t 1~~ -

m the den sity curve of probabilit y is displaced alon -i the axis or

absc issas , w i t h o ut c h a n g i n g  f o r m  (F ig .  2 . 6 . lb )  . The disp~ rsi’v’ ~

charac te r i zes not pos i t ion , b u t  o n l y  t h e  very  for m of t~ t~ -L.’i~- i ~v

curve of probabilit y. The more value ~ 2 , that mor~ UiS~~~~~?~~ i wa y  i~

becomes density curve probability. (Fig. 2.6.lc) 1 •

FOOTNOT E ~~. In the probability theory it is proven, t h at  t~~~~~~ ’

i ncluded b e t w e e n  t h e  d e n s i t y  cu rve  of p r o b a b i l i t y  and  b y t h . ’ ~x i s  o:

abscissas, does not depend on the law of distributi on a n i  i~~ ~l~~i v :

equa l.. to unity. FNDFOOTNOT E.

Page 78.

By returninj t.o datum to §2.2 The determi nat ion ~if

one—dimensional probabili ty densit y (2 . 2. 1 ) ,  it  is nus3ihl - ~~

explain its sens~ in the ca in question as tollow:;. j~~~t 1~~ f lL~~~. ~

Fig. 2.6.2, in which tre combined the curve/Jra ph -; ~f ‘~~h~~~ r.’ t l i .~~~i~~u 



-
~~~~~~~~~~ 

-
~~~~~~~~~~~

.—-— - —-- -
~~~~~~

-
~~~~

- -~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----- —--

DOC = 77070122 7AGE

of norma l random process with zero math em at ical expect at ion (m. =

and its one—dimensional probability lensity. Coincidencc is c o n i u c - c ;

so that the value s of random process in both cases wOul.1 b’~

plot/ deposi ted a l o n g  t h e  axes of or d i n a t e s .

____ ____________ j
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Let us isolate certain possible value of rand om process x 1 and

infinitesi ma l interval . Ax relative to it. Then  ~he p ro ba b i l i t y

density W (x1) charact erizes probability of the appea ran :es of ~~~~~~

value  of r andom proc~ ss ( shaded  reg ion  for  values f r o m  x 1 ~o

Ax).

If we isolate certain another value of random proces~ x2 ( :~~~‘

than x 1) with infinitesimal interval Ax in its vicinity, t h c ~~ ~~~~~~

probability density W (x2) determines probability of the a D n e I L t I c :

alrea d y of t h i s  v a l u e . Since p r o b a b i l i t y  dens i t y w i t h  x = x 1 l i t  icr

t h a n  w i t h  x = x 2, also the  p r o b a b i l i t y  of tn° appearance of tj ie ~ ir~

value of random process is more than the second. Thus , p:o h~~bi 1i~~

density relates any possible value of random process with t h -~

probability of its appearance. The greater the probability - 1 - .risit V

for certain/som e value , the more frequent the random proces:; i~ w~~1l

to take this value. The examined interdependence hetwe~ n $-hc

p r o b a b i l i t y  d e n s i t y  a n d  t h e  r a n d o m  process turns out ~o bE~ vai l ] n n ~

only  w i t h  n o r m a l ,  b ut also u n d e r  a n y  o the r l aw  fo r  a 1~~n s i~~v ~

probability.

— ----- -—— — .----- --——— -—- -— -—~—_- —— - -—- - — ---—-~ _ - - --_ - .- - .--— —--—--———— ‘———_---- ~~~~—-- - -.—— — — - - —-- - - ——-- .-—— -— — .— - ------———- __---——- - -———————- — - ——— - --- - -
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Normal stationary processes differ one another in t r ~~ o~~

form of correla tion tunction (energy spectrum) . As i~ follows from

expression (2.6.1) , the one—dime nsiona l probabili ty i~ nsity of

process does not lepend on the form of its correlition func ion

(spectrum) . Because of this normal processes with diff er - ant

corre lation functions (spectra), but with identical as d i s p~~r - i o r ~ ~~

will have identical densities probability.

--  - - - - - — —j ---
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The indicated (1iffer~ nce between norma l st~iti onar v pro:~~~~ .s  I - - v ’~ h ’~

itself in examination t wo—dimens ional and the hiq h~-r rot~a h i l i y

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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de ns i t ies  of each of t h e m .

Norma l randoii processes possess a series of remar kab le

properties. Specificall y, for such processes from st ab ility i~. ‘

broa d sense follows thoir strict stability. Furthermore , if t w o

random processes ar e  n o t  c o r r e l a t e d  a n d  n o r m a l ,  t h e n  t h e y  ar ~

independen t.

In t h e  p r o b a b i l i t y  t h e o r y  a l s o  it is n r o v e n  ( f o r  ex ~~m i ’~~~,

[8]), that any linear combination of normal rando m v a ri m b l ’~’ h i~~~ a I ~~

the  no r m a l  la-v of d e n s i t y  p r o b a b i l i t y .  Because of t h is  du r ir’~ 
-

~~~~~~

passage of the nor mal random process through any l in ~ ar al~~c~-~ i - ~~

ci r c u i t  ( f i l t e r , i nt ~~~r a t o r etc. ) t h e  l i v  of it s  1is r i~~it  j o n  ~~~~~

not change , i.e., it r e m a i n s  n o r m a l .  D u r i n g  pas sage  i t  t f t r o i i  j n

nonli near e l ec t r i c a l  c i r c u it  ( d et e c t o r , l i m i t e r e t c . )  ~~~ l- i~ - -

distribu tion changes and can differ signific antl y ‘r orn ti:’ f l -~~ i i .

The d e t a i l e d  i n f o r m a t i o n  a b o u t  the  c o n v e r s io n  o~ n - o r r i -j l : a ’ i - I

processes by linear and nonlinea r electrica l ceil/~ ln’n~~it~; t u ’ ~~a ] :

vii]. find i n  w o r k  1 2 2 1  and others. Giv cn informa t ion rp lt t i v ~ 
• ()

normal process and its one—dimensiona l density p r ohab i 1i~~y 

~~-- 
— -

~~~~-—~~~~~~~~~ ---~~~
--— ---

~~~~~-~~~~~~~~~~~-~~~~
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s u f f i c i e n t f o r  t~m -~ un derstandin g of the most important snc’cl~~]

feature/peculiarities of the broadband systems, suh1~ c te~ 
t ) ‘ b~~

-
~

effec t of fluctuating interferences.

In practice frequentl y are encountered the cases , w h e n a -  a

resul t  of t h e  passa~~e t h r o u g h  t h ~ se or other linear s?l?:tin~

c i r c u i t s  s t a t i o nar y  random process is converted into na rr ow— ~’ m n i  w 1 - h

the symmetrica l relative to certain medium frequency sp— -~ trum . ~~~~~~

as a rule , it occurs in the circuits of the high an - I  in t ~~r mr’~i ~~~~~~
-

f r equenc i es of r~ lio receiver s and other cquiprnent/davicos.

It w~ turn to  t h e  t i m e  d i a g r a m  of t h i s  process ( F i - i .  ~~..
then it is evident that it is the “fluctua tions ” of c o m p a r ~~~ i -r ~~~ .’

hi gh frequency co~~ with the slowly changing accoriinj tO :~‘ r t 1~~r.

ra ndom law amplitude. Outwardl y narrow—ba n d process is v-~r y  ;ir il - I L

to the sinusofla]. modulated in amplitude oscillat ion.

Page 81.

Ffowever , unl itc e the - i m p l i 4 u d e — m o d u l ~-mt e1 o sc i l l at i ~~r / v i b r a ~~i o n  h ’ - ~~- ’

-
~~~~~~- - ~~~~~~~~~~~~~~~~~~ - - - - - -- --~~~~~~~~~~~~~~~~~ - - ~~~
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the a mplitud e of oscillations is modulated according tD ran~1)~ 1 - i~~.

F u r t h e rm o r e , occurs s low change  in the  r a n d o m  law of t h o  p h i sa -v~

oscillations, w h i c h  l eads  to a change  in t he i r  fr e~ uency 1~

FOOTNOT E 1 • The rat o of change in the envelope and phase is

determined by value T 2ir/ A~~, w h e r e  A w is w i d t h  of t h e  s p ( c t u u m  Q~

process. If the process is narrow —band , i.e., is fu l fill ?1 c o n ] i ~~1on

( 2 . 4 . 4 ) , t h e n  envelope  and  phase  v i r t u a l l y  do no t c h a n g e  d u r ir~
21v

pe r iod T~~=—( T. FMDFOOTNOTE .
~cp

This  character of a change in the narrow —ban I ~t a~ ion  ~r v  ~ roc ’ .~ ;

ma kes it possible to nresent it analyticall y in the form of ~h e

harmonic signal, randomly mod u lated on amplitude and th~ phas’:

E (t) = V (t) cos tw0~t + ~ (t)L (2.6.2)

where V (t) and ~~ (t )  — being slowly chang~’d in coaipari son vi~ b COS wcpt

ra ndom amp litud e and phase ;

— t h~-~ med ium f r e q u e n c y  of t h e  s p e c t r u m  of p r o r - s .  

-- -~~~~~~~~~~-- 
-

~~~~~~~~~~~~~~ 
- - 

~~~
- -

~~~~~~~~
---

~~~
-- —-- -

~~~~~

--

~
~-
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Function of V ( t )  is called the envelope of narrow-hand proces:

(see Fig. 2.6.3), a 0) t )  — by t h e  p h a s e  of process. The corc-~~~s ~

envelope a n d  phas~ of n a r r o w — b a n d  process h i g h l y  u s e fu l .  T n  a r u ~~~~r r

of cases they facilitate the understanding of the nhy~~ical e~~~ nr~ of

the phenomena , which occu r under the influenc e on the r~ c~~:~~or ~f

interferences, ani also the y tacilitate mathematical anal ysi~ . Fo r

e x a m p l e , d u r i n g  d e t e c t i o n  of t h e  v a r iou s  k i n d s of t h e  i n t ? r f - ~ r - r r - -~s

o f t e n  s u f f i c ie n t l y  it is to be restricted to the anal ysis o n l y  of

envelope of t h e  p r ocess, w h i c h is isolate d at the o u t p u ~~/ y i~~l~ ~ :

de tec tor, a n d  i t s  r e m a i n i n g  p a r a m e t e r s  can be d i s r e g a rd e d .

—- -. - — -  — — -~~~ ~~~~~p —- - — -— . - . —.-~~~~ -~~ — -A J
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Let us n o t e  t h a t , a l t h o u g h  t h e  s p e c t r u m  of process ~ ( )

f ound  in v i c i n i t y  r e l a t i v e  to  t h e  h i g h  f r e g u e n c y  o~ p, t h e  s~~ ’c- 4 r n-- ~~

the envelope V (t) , d e f i n e d  th roug h (2 .6 . 2) • it l ie/r e~~t r ~ -~~

range of t h e  low frequenc ies, adjacen t at the b eq in n in i f

coordinates, anaLog ous with that , as it takes bla :e f o r  t h e - ~T h -~ c ’ 

—— -—-—- -- - --—~~ ----~~~~ _ _ _
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of the envelop? of the amplitude—modulated oscillations.

Further , if we in expression (2.6.2) indicat e pr ob -io il it y 1a~~~,

to which satisf y the envelope V (t) and phase 0 ( f ) ,  t h ~~n e,. .-~~v

process ~ (t )  w ill he comple t e l y determined . Of cours~~, in hi s ~~~~~~

e x a m i ne/ cons idered  s epa ra t e ly  V (t) and 0 (t) possess eac h th ~~ir

inherent laws of l istribution of probabilit ies. specific ally , ir ~

(t) is norma l stationary random process wit h zero n a t h e m a t ~~ca 1

e x p e c t a t i o n  a n d  d i s p e r s i o n  Ø 2~ the n the one—dim ension al ~)robah:11~~v

density of envelope satisfies the so—called Rayleigh law :221:

V
-

~~~~ e V>  0; 
(2.6.3)

- 0 npmV (0,

0) 
~~ ith

a the probability density of Ihase it. sati~ ties u n i f o r m  l a w  r e

inte rval of val uer from 0 to 2w , i.e.,

L. 
_ _ _  _ _
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W (
~~) 

2w
,~ (2.6.4)

- 0 B OCTajzbB~j~ CJIyqafix.

fi) for

~~ in the remaining cases.

The g r a p h / d i a g r a ms of  dep e nd e n c e~ ( 2. 6 . 3 ;  and  (2 . 6 . 4 J  a r -
represented in Fi;. 2.6.4.

As can be see n from figure , the probabil ity density of envr-~] n n

vanishes with V. that vanishes and for infinity . The charact.~r o~

density curve of probability depend s on va lue ~ 2• Than is m or—~ a~~ ,

those “ sealed” c u r v e .  The m a x i m u m  of p r o b a b i l i t y  d e n s i t y  is ~ qu -i1 to

V e~ 2

where to e, i.e., Naperian base (e = 2.7182). It is ob ta i r~ -d ~1wa ys
with V = a , i.e., among the different possible values of ~ n v~~l i p r ~
(a ip l i tud es) most p robab le  the va lu es  equa l  t o  t o  v a l u e  a.

__  _
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Page 83.

Other values are less probable and the possibilit y of t h o m

appearance is characterized by the appropriat e values of pr oh~~~i l i~~v

density. As concerns the probability density of phaso (Fi.j . 2. h L ~~ )

during the observation of random process any possible values o~ i~

are equally probable in range from 0 to 2 w.

§2.7. Concept of statistical testing hypotheses an -I ~ h o  o p f i ~~- i o

methods of radio reception.

During the transmission of discrete information t h ~ s U b j c c ~ ~~

transmission of report/communication (text, wor d , ~t~e dat a of corrho

situation etc.) are converted in the coding ~‘iuipment /i -’v ic- ’ ) t

t r a n s m i t te r  i n t o  t h e  d i sc re te  sequ~ence of cod e symboL;. In h inax y

systems, while subse~uently will be examin .~d the only surh svn~t -~ s— ,

code sequen ces a~ e f or med as t h e  d i f f e r e n t  c o m b i n a t i o n s  of  ~w c& -l e

symbols, which let us designate by let t ers Y 1 a n d V2.

-
- - -

~

-

~

-- 
-~~— - - ~-—-~~-- -.—~~~~~ --- -~--— - -- - - - —  —- -- - —---~~~~~~~~~~~~~~~~ ~~- - - -
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As an exa m ple of such code symbols can serve, for examp l~ , t h ~

premise/impulses of “pressure” a n d  “releases” (H ~ an ) “0”) in

telegraph work. For a transmission along the communic ation c~~i r ~~;-. ’ l

the code combination is ccnverted in the modulator of t r a n i - -

into signal. In this case to each cell/element of signal is ol ~c. . 1  ~n

one— to—one correspondence certain code symbol.

Let us consider that in hinary system to the cell/ele~~- -: ~~ -~ n

signa l or, for the sake of simplicity rad i , to si-~nals i~ ( t )  :~~

(t) correspond th-~ cod.-~ symbols Y~ and Y2 and  vice versa. T T +

receptor of commun ica t ing system at the taken signals Zr(t),

2, are restored code symbols Y~, r = 1; 2 , t h e n  i ;  created cod ~

combination and i n  t h e  f i n a l  a n a l y s i s  t h e  t r a n s m i t te d

report/com mum icat ion.

Subsequently, by leaving asid .~ t h e  guestions of ~jIi:i I U’ -~

decoding, let ~zs assume that the problem ot inve: ;tiT~~~inn a ’

out p u t/ f i e l d  of receptor is w a k i n g  a decision ibout w h i H t  ‘~~~

signa ls Zr ( t )  ( s ymbo l s  Yr) i t wa s t r a n s m i t t e d  in ~h~’ ~~~~~ ~ 
•

_ _ _ _____  _____  -
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determined time interval. This approach is typica l for the st id y c t

the freedom from interference of the transmission of liscrete

informa tion with piece—by—piece recept ion/procedure. It is obv~ ’ms

that if the interferences in the communication channel were no 4 or

they would have the determined cha racter, the n alwa ys it woul d he

possible to unambiguously restore/reduce the transmitt ed signalZr(t)

in receptor and no problem here it would appear. Howev ?r a~ it v-i s

show n above, interferences in t h e  communication channel ii w~ays nei i

that which is nonpredicted , i.e., to a ce r t a in  degre e r a n - i o n ,

character. Therefore as would not be accepted the solation 4 o

of the signals z,(i) it was transmitted , always possihl.~ error , i~~c •,

observer it can state that is accepted siqnal z~ (t), when in

actuality was trar.s~aitted z2 (t) and vice versa.

Thus, observer must carry out a selection hetw~ -~n two o-~si~-l~

ccnfirmations: H 1 is accepted signal z1 (t) a n d  H 2 — is ~~~~~~

signa l  z 2 (t). These two confirmations are called hypothese s. U

case must be selected that from the possible hypoth~~ es , t~- a 4 w i u

the greatest probability correspond s to reality. Since i r ~~a’- -’ ~

disposes of the observer in the relation to inter ferences, h - ’ t~ ~ !

statistica l (probabilistic) descri ption of of as ran )om prnr~~~~.~:

(see §2.2) , sele c t i o n  of one ot t h e  po ssih l~ h y p ot h e s e s  w a s  C~~l I L l

t h e  n a m~ testing atatistical hypothese s . 

.~~ -~-~~~~~--~~~ —
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Of course, during statistica l testing hypotheses observer must

u t i l i z e  such a strategy (this method of treat ment /working receive-)

signals and interferences in receptor) in Order that the solution

would be accepted wit h the greatest possible success or (that t~ e

Sa me) in order that losses due to mak ing erroneous decisions wou ld ~c

smallest possible. But this will depend on the character of si~~nals ,

interferences, and also on the determination ot t h e  c o n c e p t  of

success.

In order to explain the aforesaid , let us turn for e x a m r l e .

in binary communi cating system for the transmission of d i s cr e~~e

information be utili zed signals z1 (t) and z2 (t) wh~ s~ ‘~trur’- ur’~

(amplitud e, f r e q u e n c y ,  t h e  in i t i a l  p h ase) is know n in a l l  ~~~~~~ ‘ r--

know n also time of the arrival of signa l and statistical ; rop~ r~-~ --~

of the noises which enter together with signa l for the inpn~ of

receptor. let W (x/Z 1) and W (x/Z2) — the proba b ility i:~n-; i t v -~~~~ ~~,e

possible values of the sum of signal and interfer ences ~~ f 
#-~~e ~~~~~~~~~~ 

-- -
*—~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~ - - - - —--— -~~~-~~~- -~~~~~~~
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of receptor respectivel y in hypotheses H~ (is accep ted  si gn a l  z 1 C’ - )

and 8 2 (is accepted signa l z2 ( t ) )  . In the  case of  p r o h a h i 1i~~v

density w in question (x/z2) they do not depend on t h e  u n k n o w n

param eters of signal. Therefore hypotheses k-I 1 and H~ are cal led

simple.  We will also describe also to the expecte d s i g n a l s  Z~(t) ~o”~

expected or a p r io r i  (p re tes t )  p r o b a b i l i t y  of t h e i r  ap p ~~ar a n c e s ,

which can be determined , for examp le, by means of a n a l y s i s  su f ’~~c i - -

long code sequences, utilized in communicating system . Let ~~~0 si~~n a 1

z1 (t) correspond the a priori probabilit y q. The n to signal ‘ 2 ( )

it corresponds to probabili ty (1—q) . Observer ’s p r o b l e m  lies  in  ‘h e

fact that , in order by the me asurement of value x in receptor ~or

time of the duration of the cell/element of signa l t ~-o 1 34 - e r n i r c

w i th  the g rea tes t  possible success , w h i c h  of the signals z~(~) is

accepted . As strategy it can take the division of the interval o~ ~11

çossi ble values x of t h e  adopted s u m  of s igna l and  i n t e r f e renco ’~ ~~~~~~i-

two ranges  (F ig .  2 . 7 . l a ) :  G 1 ( va lues  x r a n g e  f r o m  — — ~o cert i ir x~~

and G 2 (values x range from x 0 to — ) .  If valu e x is  i n c l i : i ecI ~ r~~r i~~

G 1, the n obse rv er sol v es , that is valid hypothesis H~ . W i t h  r~~sn ” c4

is accepted hypothesis H
~
, when x is located it range 2~

Page 86.
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Figure 2.7. 1~ shows that no matter how was selected t hres  ~o l I

value x 0, is always feasible the case, when the solution is c.~n~ c I

incorrectly. Actually, it was transmitted signal z1 (t), th en th~

p r o b a b i l i t y  of e r r o r  (accep tance  of h y p o t h esis ~~ is do~~e r e i n ~~~ k-- v

the  a rea , l i m i t ed  b y  o r d i n a t e  at po in t  x x0, the density cu:vc’ ~ f

probability W (x/z 1) and by the axis of abscissas (x0 < x < — )  ,

is numerically equal to

p 1=J W  (-~-) dx. 
- 

(2.7.1)
.v.

Respective ly during the transmission of signa l z2 (t) t~~ ~ro: t ~ 1i ~~ v

of error (acceptance of hypothesis H~) is equal to

P2 .7’ W dx. 
- 

(2.7.2)

IL ~ - --- -
~~~~~

----- —----- - —— --~~ -~~~~~~~~~~~ -- - - - - - - - - -~~~~~ - - .
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in order that losses due to making erroneous decisions wou ld be

smallest possible, observer must select in an appropri ate m ann -~n

threshold value x0. The latter depends on the cost for i t  ~~~

probabilitie s of error s p~ and p2.

The contemporary transmission systems of discrete i n f o r n l t i c r

m ust very accur a t e l y  r estore t h e  t r a n s m i t t e d  r e p o r t / c o m m i i n i c a t i e : -~.

in t h i s  case it can  h a r i p e n  so t h a t  t he  error  in t h e

recep t ion/procedure  at  least  of one t r a n s m i t t e d  s ym h 1 c r s i  )-n r i t

w ill lowe r the  v a l u e  of e n t i re  t a k e n  r ep o r t / c o m m u n i c a t i o n . F r ~~m ‘ ‘~~~~~

view p oint any error with reception/proced u re is undesirar’ l~~.

The r e fo r e it is teasonable to set/assume the relative vilue- ~ -~~~~~ ‘h ~~~

probabilit ies of errors identical and equal , for exo e~~1 - ~, ~o

The n the  t o t a l  p r o b a b i l i t y  of t h e  erroneous reception ~f tu ~

ce l l/ e lement  of s i g n a l  is det ~- r i n i n e d  by t h e  r e l a~ i o n s h i p / r i  j o

--
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p = q p 1 + ( 1 —q ) p 2. (2.7.~3)

it is necessary to select this value X0 from all possihie x0,

whic h would minimize probability of p. For determining this t h r ~~~h o l~

Value it is necessary to differentiate (2.7.3) in terms Df x0 m i

equate derivative zero.

By executing these operations , we will obtain

= 
q (2.7.4)

1— q

where x 0 — the optimum thresho ld level , depending on t~~e i P U I O L i
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probabilities of the transmission of signals z1 (t) and z2 (t)

Figure 2.7.lb depicts gra phically to funct ion qW (x/z 1) an d

(1—q) W (x /z 2) — the probability densities of the adopt~~1 ~~~~ ot

signal and interferences in transmission z1 (t) and z2 (t)

“suspendei” (multi p lied) in accordance with the a orion

probabilities of these signals. The position of the opti’1~urn ~hr ’~~hol-i

~~~~~
, defined by formula (2.7.4), must b~ by such, a3 this shown in

figure. Then comp lete probability of the erroneau~; recep t~i ori o ’ ‘~~~~~~~

cell/element of signa l is equal to the shaded rangc’ and 3mall — ~~

possi ble. If threshold level is selected not in accord~tn~~ wi t h

ex pressi on (2.7.4) , then compl ete probability of error will in~~r~: ~~~~~~~
- .

Actually, let be selected the threshold x~ <Ao. Then prob ahil i~~y u~

error during the transmission of signal z 1 (t) increases and w il l ~
-
~e

equa l to q f~ W(x/ z i)dx , a with the trans.ission of signal 
~~2 (~ ) —

x
o

decreases will be equal to (l—q) [w(x/~2)d~

Page 88.

However , the composite probability of error , equa l to t h ~’ ~um ~

these probabilities , viii increa se to the va l ue ot th - -’ H.ick ‘~~~~~
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area . Analogously  com p lete p r o b a b i l i t y  cf e r r o r  w i l l  i n c r e a s e , i~

x~ >X0.

Fo r m u l a  ( 2 . 7 . 4 )  has  large v a l u e , s ince i t  i nd i cat e s  su c h a

st ra t egy ,  by whic h the losses due to making erroneous i~~ ision.; w~~1l

be smallest possible. For this in rece pto r during tr~ atm en t/w jr kin~

the adopted sum of signals and inter ferences must be c a l cu l a i - e’ d t h ~’

relation

2* (2.7.5)
21

called l i k e l i h o o d  ra t io .  Then v a iu o  X (x) mus t  he c o m p ir ~ 1 w i t h

t h reshold X 0 = q/1—q. If X (x) > ) ,,, t hen is v a l i d  h y p o t h e s i~; ‘~~~, hut

if x (x) < x 0, t h e n  is va l id  h y pothes i s  H 1. E m p h a s i z i n g  t h i t  f c t

t ha t  i nt o the “ re s p o n s i b i l i t y” of rece iver in t. h is cas~ ?n t e r . ~ ?d ~~~

only the c o m p u t a t i o n  of likelihood ratio, hut a1s~ t h ~ i i e1 i v ~~i v  of

t he  s o l u t i o n  to w h i c h  of  t h e  s igna  is is accepted , th ey 
~~ 

i~

t h e  decisi ve s~ h em at i c  of receptor .  It is n a t u r a l  that t h e  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_______
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14
const ructed  in  accor dance  w i t h r u l e  (2 . 7. 5) dec isive s c h e m a t i c  01

receptor m i n i m i z e s  comple te  p r o b a b i l i t y  of the error  a n i  i n  t h j ~

sense is op t imum.

The c r i t er ion of t h e  m i n i m u m  composi te  pr oLab i l i’ y of e r r o r  v e r y

f req u e n t l y  is cal led  K o t e l n i k o v ’s cr i t e r i o n  or by ideal  D b s e r v er ’ S

cr i ter ion [ 2 0) .  r h i s  c r i t e r ion  e x t re m e l y w ide l y is u t i l i zr . d r 1u n i n ’~

the  develo p ment of the t r a n s m i ssion sys t ems  of discrete i n f o r ~~m~~ior .

f or the  inves t igat i on of t h e  ques t i ons  concern ing  th~ s t r ue tu r r ~ at

the opti m u m  decisi ve s c h e m a t i c  of receptor and its f r e e d o m  f r o m

in t e r f e r e n c e  in t h e  d i f f e r e n t  i n t e r f e r e n ce s i t ua t i ons, w h i c h  a p~~’~ ir

in the  c o m m u n i c a t i o n  c h a n n e l s.

~
_d_ ——.1i.i•’.

_ _ _ _ _ _ _ _  _ _ _ _
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Page 89.

F
In this case the composit e probability of the error in the op~ iinum

dec isive schena ti:, based on Kotelniko v ’s criterion , depends ~~~‘l y  ~‘t

the character of interferences in the communication :hann?i. Th -~

freed om from interference of this schemat ic is called p.~t~~nti~~l. ~
_
~
y

comparing the freedom from interference of real receptnrs with

poten tial, it is possible to det ermine the possibiliti ?s in pr i i~~1~

of an increase in the freedom from interference in this or ana~~ r

method of reception.

-~~ 
.. -..----~~-~~~-— -~~~~~~~ —~~~~~ _--
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Sub sequently we will assume that a prior i the prob ability ot ~~

transmissions of signals z1 (t) and z2 (t) are identical and •? ~u a l  ~~~~~

1•

q = l — q= - ~- . (2.7.6)

‘ 1
F OOTNO TE ‘. In w o r k  [ 36) jt is proven , t h a t  i n any r a t i o n a l l y

constructed rr~ nsmission system of discrete information the syrd ~hol ;

of code sequences are approxim ately equiprobable . ENDFJaTNOTF .

it is not difficult to find , as must be constructed in this ci~~ ‘ha

decisive schematic of the optimum according to Kotelni ov rec~ iv~r.

This receive r must calculate during treatment/working th~ adop+~-~ ~~u:r

of signals and interferences likelihood ratio X (x) , i.et ~~r m in ~~ i I’v

r e l a t i o n s h i p/r a t i o  (2 .75) . Moreover  t h e  o p t i m u m  t h r e s h o l d  lcv~~1 on

the basis of formula (2.7.4) is equa l to

Xo 1. (2.7.7)

The condition of recording signals z1 (t) and z2 ( t )  ta-<es the

- .~~ — —.. _ _ _ _  - .-- -~~
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following form:

if X ( x)  > 1, t h e n is accepted z 2 ( t )

(is valid hypothesis H2) )~~~~

if X (x) < 1 , then is accepted z1 (t)

~2 (is val id hypot hesis H1).

Very frequently the construction of the decisi ve schemati c

s u b s t a n ti a l l y  is s imp l i f i e d , if in processing of the adopted sum o~

signal and interferences is calculated not likelihood ratio , bu’

certain by the c3rresponding shape the selected monotoni : func~~ion of

X (x) . In  c h a n n e l s  wi th  no rma l  i n t e r f e r e n c e s  as t h i s  fu n c t ion ni~-
~~’

conveniently it is to utilize functions of form In X (x). In this

case, taking into account that in X~, = 0, we will obt ain the

following equivalent (2.8.8) rule of the solution :

if in X (x) > 0, then is accepted z2 (t)

S ~ r —~~ .. - - -~-- . ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ fl:, ~~~~~~ —— . 
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“p
if in X (x) < 0, then is accept ed z1 (t)

Page 90.

Let us examine important examples of the use ot relationshintL:i io

(2.7.9) for the construction of the optimum accord ing to Kot~ lni kov

decisive schematic of receptor .

Optimum decisive schematic in channel with t he c o n s t a n t

pa rame te r s  a n d  t h e  normal  f l u c t u a t i n g  inter fe rence  ( c o h e r e n t

reception). Let in the bina ry transmission system of iis:r~ te

informa tion be utilize d the signals Zr (f) , whose structure is

determined by relationship/ratio (1.1.1) and is compl etely knowi . Wi ’h

reception up to the phase of their high—frequency filling . Th o

communicating system , in which during processing received ~iqnal is

utilized the a prior i information abou t the pha se of hi~~h- tr ’~~i~~ cy

filling, was called the name the systems of coherent recep~ i~ r. ~~~~

durations of both versions of signal we set/assume by i1~ nt iciI a~~

equa l T. Let also in the communication channel operat e t h e  a~fl i~~iv

fluctuating int erference ~ (t) in the form of norma l whit to: ~~~ - ‘ I

the parameters of tne  c o m m u n i c a t i o n  c h a n n e l :  t r a n s m i -~~ion f~ic~ or

_ _ _ _ _  _ _ _ __  _ _  _  
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and propagation tine are known with reception and ar~ con stant . i’~~

us accept for the zero time reference the torque/mom en t of ~L ’

beginning of the reception of the transmitte d cell/elem en t at s i t ’~~~~.

Then the received signal

x (t) =i~z, (t) +~ 
(t) , 0 <t  <T. (2.7.10)

The v e r y  impo r t a n t  and  w idesp read  in p rac t ice  case is t he  ti ~

the  bi n a r y  tra n smiss ion  sys t ems  of the  d iscre te  i n f o r m a t i o n  of

signals wit h identica l energy (energies) :

P 1=P 2 =P 0; P~= j~-f 
z~ (t) dt. (2.7.11)

Such systems were called the n a m e  sys tems  wi t h act ive  p au~~o. h e ’

determine, which ~Iust be in this case the structure of t h~ optimun’

decisive receiver circ uit and such t h e  p r o b a b i l i t y  of t h e  er~~nr of

piece—by—piece reception in this schematic .
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Likelihood ratio in the case in question takc~s f o r m  20 , ~~‘ 1

-~- 1nX(x)=X2_X1, . (2.7.12)

where V 2 — the spectral density of white noise ;

(2i.13)

— short—tern crosscorrelatjori function bet ween received si~~~i l

(t) and the expec ted signal

Page 91.

The n in  accordance  w i t h  r u l e  (2. 7.9) r e c o r d i n g  con d i t  ion  ut l e :

L . .
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the receptor of t~ne r version of signal takes the following f o rn :

$2 > X l, is accepted z2 
(t] )

X 1 > X2, is accepted z1 (t)

The obt ained ru le of so lu t ion  (2.7. 14) i nd i ca t e s  t hat t h e  o p t i m u m

according to Kotelnikov receiver mus t  he m u t u a l l y  c o r r el at e d  t v ~e’

receiver.

The decisive schematic of this receiver can be constructe d as

follows (Fig. 2.7.2). It contains two multipliers , to whi ch ar~-

supp lied received signal x (t) and signals ~z1 (t), ~.iz 2 (t) t~~oni

reference oscillators. From output/yields multi plier of the

voltage/stresses are supplied to integrators, then the results o~

integration X 1 X 2 at the torque/moment of reading t = T are comnar ~-~i

between themse lves. Equipment /device of comparison issues the numb ~- t

of that symbol (Y 1 or Y2), for which voltage/stress Xr, r = 1; 2
,

is more. After this is realized the jettisoning of the v~ l tages i~

integrators and sc hematic is ready for the reception of th e fo11owiii ~

cell/element of signal.
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The m a i n  a d v a n t a ge of s y s t e m s  w i t h  r es i s t ive  loa~1 is c o m p r i ~;~-~

in t he  f a c t  t h a t  t h e  r u l e  of s o l ut i o n  (2 .7 . 14) does not  ~~~~~~ ~~~~ . ~~~
,

• transmission factor of the channel of ccmmunicatio n /conne~~tion ~ •

Actually, by taking into account relationship/r atio (2. 7.1 3) i t~ I

carrying out obvious reductions , the rule of recording the L V~~ L~~~1O~

of signal can be recorded in the form

j T 7,
-~. fx ( t ) z,( t)dt > +fx ( t ) z,(t) dt. (2.7. 15)

0 0

with r~1=l. 
Hence it follows that in systems with ac ti v~ :~~u~~-

for the construction of the optimum according to Koteln ikov rr~c~~i v, ~~

does not need a priori knowled ge of the “scale” of t~I?  expect~~i

signa ls, and is necassary only the knowledge of their form.

Of course, the created by the reference oscilldtors of ., ‘ n ; i ~~ :

transducer must strictly coincide in form wit h the expect ed si tr ~~1

Zr(1)

and must  be accura te ly  s y n c h r o n i z e d  w i t h  t h e m .  I lowerver , the  “ sca le ’t 

~~r . S~~ Saa. 
~~~~~~~~~~ ~~~~~
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of t h e  s igna l s  of r e fe rence  osci l la tors  can be a r b i t r a r y ,  con v c :~i c t .

fo r  the pr actical  r e a l iz a t i o n  of c i r c u i t  ari d , by  ce r t a i n l y  ici i~n t i c i 1

for a l l  r e f e r e n ce  oscillators.  Page 2.

• 
t d t ,

X

8x oöx(t) .

z (t’ 
Ycrnpoucinôo Peg,jewu~

- ‘ C/XJ5M eMg4’q

~~/x(t)•z z(t~at 
• 

. 

•
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Key: (1). / input x (t). (2). Equipment/d evice of comparison. (3).

Solution. Page 93.

This ver y  important property of systems with active pause is retai~~- 1

with signal fading 13 61. Subsequently ., if this is not specitierl

espec ially, we will examine the only systems with active pause . r• c~

us note that the realization of the decisive diagra m of t h r ~ op ti vu r

receiver on multipliers is not the only possible . In th e follow~~ri

paragrap h will be given examples of the decisive iia~~rims,

cons t ruc t ed  on tti e so-called matched filters.

Furth er, the composite probabilit y of the error wi th

piece—by—piece reception in the diagran in question is e~1ua1 to ?O~~

P +(Pi+P2) +J 1 ~~i1~(h J/1
_ p22)}. (2.7.16)

w here PI2=
~~1~

fzI(t) z2 (t) d;
J is a coe ff ic ient of ~~~

~ 

—•---- ---
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correlation bet ween signals z1 (t) and 22 (t) ;

‘~2 ‘ ‘
ii —j- - the ratio of the energy of signaL to the

spect ral densit y of fluctuating interference;

I~~ 1:
/ 2

‘ J~~ 2 is an integra l of p r o b a h i l i~~y er

the function of Crump; this integral in elementary f u n c t i o n s i s n o t

expressed; howe ver for it are comprised detailed tables 3 , 3~~1.

As can be seen from relationship/ratio (2.7. 16), the c o m n I e t ~~

probability of error in the case in quest ion it depends , in the t i :~~;t

place , on the ratio of the energy of signal to the ~pectra1 •I~~n~~i~~y

of fl uctuatin g interference and , in the second plac’~, on the

coefficient of the cross correlation between signals. T h e r e f o r e

arises the question concerning how one should select th~ form ~

utilized signals in order at the assigned value h2 to ensur~’ ~~he

grea test freedom from interference (mini m um pro~ah i1 i t y of e~~~ar t ) .

Page 94.
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Since ~ (u) is the monotonicall y increasing function ef its ar ~‘~u ’ r ~~,

the g reatest freedom from interference is reached when usin- :i ~~urh

signals, wit h whic h P 12  is n~inimal .

The greate st value of the coefficient of the correlation o~ ;~~~

equa l to +1 is reached at z1 ( t )  = z~ (t) . For such signal s we L~v~

~D (h T/ TT -T~=0 and , therefore, the probability of err: : is

alw a y s  equal to 1/2. t n  t h i s  f i n d s  i ts  r e f l e c t i o n  t h a t  obv iou~ ~~~~~~~~~~~~

that ident ical. signals cannot be distinguished. The mini m um v~ 1’, ~

the corre lation coefficient equal to — 1 is reache d at Z i )  t~

(t), i.e., when signals they differ only in terms of sign. Ir~ -~~~rr

words, in this case the harmonic components of signal z1 (~ ) ~t i v ’  ~~~~

same amplitudes as and components of signal z1 (t’ , h’~t th e ir -~~es

are shifted by anjie w. The signals , for whic h P12 = 1 , ~~P T  C

the na me opposi te. For such signals the prob ability of errtn I.;

to 

• -~~~~ --~~ •-~~~~ - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- -  ---~~~~~~~~~
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P=-~--[1 
._

~~~~&/i~~~)]. 

• 

- (2.7.17)

graph/diagra~ of the dependence of the probability of r~rror ~- on

value h2 is reprasented in Fig. 2.7.3 (curve 1) . Formula (2/7/ 1 7)

determines (at the assigned value h2) a maximally possiele ~ r~’ ~on~

from interfe rence in the binary transmission system of discre1’~

infor mation.

Thus, the greatest freedom from interference dur in~ t h e

transmissi on of discrete informati on possess the syst •ems of co~~’i. - i t

reception with opposite signals, which obtained the n am ’ of -~y~~~ ’ s

with phase modul ation (FM). By the simp lest exampl ’~ of i-his ~;v~ -~
4 - r~’ i~

the system, in which are utilized the sig nals of the form

_ _  _ _ _
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• z1( t)=Acos (wt +~pY i1
z2 (t) = — A cos (et + ~) = A cos (wt + ~p + ‘c).

The ad van tages  of phase  mod u la t ion  fo r  the t r a n sm i s s io n  Df d i s~~ r~~ t c

information were kncwn even in the beginning ot thirtieth years.

However , practica l use FM long time blocked the phenom~~n~ni of ~hc~

spontaneous jum p/m igration of the phase of the voltage in ~!-e

reference oscillator of recept or, whic h brought to th~ so-ca l]t ’~

“reverse/inverse” work , by which the symbols “0” are accep4el is “ 1”

and vice versa.

Page 95.

The qualitative change bega n in the beginning of the fiftie th y~~~’r ,

when prof. Petrovich n. T. proposed relative phas e, or ~~ 
j t  s~• i i1

call , phase—differ ence modulation (FRM) , free fro m the indirit .~

defic ienc y/lack and which possesses virtually suc h high fre ’-d vn ‘ ‘L OP

inter ference, as FM.

_ 
~~~~~~~~~—•~.-- -  --~~~~~•—-- -••-~~~~~ --~~~~~~~~~~ —--- — .~~~~~~~~~- •~~~•
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With FRM the transmitted information is embedd~ d not it. ‘h e  v~ r y

value of the phase of the transmitted cell/element of si~ na1 , h i t  i i

a phase difference of datum and preceding /previous cellfelempn~~ . I e ~

a binary system F R M  this phase differe nce can take values 0 m d

Then for the transmission , for example , of symbol Y 1 is ?mit t ~~d th

cell/ele ment of t!le signal whose phase coincides with the phas” ot

the preceding/previou s cell/element, and for transmi~ sion y 2 -

cell/element with the phase , to the opposite phase of the

preceding/previous cell/element and , etc.

At present the systems from FRM are very promising for t h c •

transmission of discrete information. The d e t a i l e d i n f o r m a  t i on ab out

the  p c t en t i al  pos s ib i l i t i e s  of such systems, at’cut the realiza ’io~

pr incip les of t h e  const ru c t ion  of t h e i r  e q u i p m e nt , a b o u t  t h e  n~~w~~st

developments of Soviet and fore ign communicating systems wi t h L ’P ~ ~~~

reader will find in work [14].
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I3esiies systems with opposite signals practica l in~~ r’~~t ire

the systems of coherent reception with the so—called o r t h o i n ~~l

signa ls. In such systems signals z1 (t) and z2 (t) satisrv t h ~
condition of orthog onality under range from 0 to T:

Tf ;  (t) z2 (t) dt =O. (2.7.18)
0

Condition (2.7.18) is sat isfied , for example , for ~ sys t~~ r wit !.

the frequency shift ke ying, which uses the signals

z1 (t) A cos (k 1 w0t+ø) and

z2 (t) = A cos (k2w0t+~),

.1
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where 
~o 

2w/T.

From relationship/ratio (2.7.18) it follows that when usin~i

orthogona l si gna l s  the  co e f f i c i e n t  of t h e i r  cross c or r e l at i on  o ( 
p 1 2

is equal to 0. Then expression for for probability error ass~~~~s th .~

form

p= ![1.~~~(h)J ‘ (2.7.19)

Dependence of probability of error p as a fu n ction of  h 2  u~

represented in Pig. 2.7.3 (curve 2). From the comparison of

relationship/ratios (2.7.17) and (2.7.19) it is E-~vident. t h i t  f~~:

opposite s igna l s  is p rov ided  the higher freedom from inter fert’nct ,

than  for o r thogona l .  Moreover  for a ch i eve me nt to one I n i  t h e  ~~ m

pr o b a b i l i t y  of e r ro r  ( r e l i a b i l i t y  ot recept ion) i n  s y s t em  w i - n

• —-~—~~~~~~~~ •-••• -~~ 
—. . --

~~~~~~
-—
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opposite signals is necessary two times the smaller power of

transmitter , other conditions bein j equal , than under system wi t h

cr thogon a l signals.

optimum decisive diagram for signals wit h random in itial ~h~ s.’

(incoherent reception). In practice frequentl y are encoun t~’rei ~ t

cases, when to define the values of the initial phase is imnossi! 1’ , -•

since its indeterniinancy/uncertainty can be caused both c o n c l it i o ! l s ) :

signa l conditioning under transmitter and by the sufficiently r~~t i !

changes in the state of the channels of propagation. On t he o’h~’r

ha nd, the determination of the values of the initial phase not is

always expedient , since expenditures on the system of a preci~~
tuning of phase can not lustif y the obtained increase rel iah i1i~ v (‘~

reception.

Page 97.

In a number of cases economicall y it is more prof itable to csL ,’- ~ i t  ‘ hI’

sa me increase in r e l iab i l i t y  by means of an increase in ~he pew ’ r i~

t r a n s m i t t e d  s i g nal  [36 ]. C o m m u n i c a t i n g  sys tem , cons il .’r t h e  a

i n f o r m a t i o n  abou t  t h e  i n i t i a l  ~haso (luring processin.1 rc’ceivel

-, ~~~ - -~~~ •~~— • . . • — - —~— ~~~~~~~~ —.1 — _ - . -  - J~.
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sig n al , we re ca l l ed  t h e  n a m e  t h e  s y s t e m s  of i n c o h e re n t  r e c e I t i o ~ .

Thei r a d v a n t a g e  in the  fac t  t h a t  w i t h  s u f f i c i e n t l y h i j h  r~ qu ir~-rn c nts

fo r t h e  a u t h e n t i c i t y  of recept ion t h e y  p rov i de , as w i l l  he s h o w n

below , r ela t i v el y s m a l l  energy los s in  compa r i son  w i t h  th~ sys~~’ns o~

cchere nt reception. At t he  same t in e  such sys tems  can be siti~pl~-~r

realized.

For signals with active pause and the indefinit e ini tial phaLi

recording cond ition under the receptor of signals z1 ( t) a n d  z~ (‘)

assumes the form

V 2 > V 1. is accepted z2 ( t )  ;
‘

~~

V 1 > V2, is accepted z1 (t ) .J

Here 

2~ / 

= V i~~~=
= ~~~- x ~) z,(f) dt] + x (() z (t) dt]’ (2.7.21) 
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is a value enve lope  s h o r t — t e r m  crosscorrelat ion f u nc t i o n  b e t w ~~-’n
received s ignal  x (t) and the expected signal ~z~(t), at t h e  m c m e ~~t

of t i m e  1’; z,~ (1) is the signal, conjugate/comb ired with Zr(t)

acc ording to g i lber t  ( h i m  it is poss ib le  to ob t a i n  f r o m  Zr ( E)  ~Y ~
path  the  ph ase d i s p l a c e m e n t  of a l l  h a r m o n i c  c o m p o n e n t s  to a n g l e  r ’ ’ .’~

This r u l e  of the  so lu ti on  a g a i n  t e l l s  about  in t h e  f a c ’ ~~hdt ‘~i

o p t i m u m  rece i ve r r -or  signals with indefinite initial phas~ a l~;o ~~~~
be m u t u a l l y  cor r e l a t ed  type  receiver . Moreove r for  r e c o r d i n g  ‘~~ e

t ake n s igna l s  in  i t  mus t  be ca l cu l a t ed  the values en v ~ l o n ~ s h i~~ -~~ . - ~ ~

crosscorre la tj on  f u n c t i o n  14, b y s pec i f ic  r e l a t i o n s h i p  ( 2 . 7 . 2 1 ) .

- - - ... — . - • ~~~~~~~~~~~~~~~~~~~~~~ - -- ~~~~~~~~~~~~~~ . .~~~~~~ . .z.~~. ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The dec is ive  s c h e m a t i c  of t he  recepto r , whic h wo rks  i n

accordance with rul e (2.7.20), can he constructed in the ra rn~ r ‘he

this is shown in Fig. 2.7.l~. It contains two referenc~ oscilla t rs ,

that reprod uce the form of the expected signals 
~~i 

( t )  a n d  z2 (~~)

with an accuracy to the phase of high—frequency fil]inq .

Page 98.

Let us note that the “scale” of the signals of referenc~ oscililt lus

both; and in diagram in Fig. 2.7.2, can be arbitrary, but

compulsorily identica l for both generators. The ou t put vol t a~~ s of

reference oscillators enter two pairs of multi pliers either ii :.-c ’lv

or t h r o u g h  phase i n v e r t e r s  (FV)  a n g le of 90° . At t h e  o u t p u ’/y ir 1~ -~~

each pha se i n ver t e r  by  means  of t h e  r o t a t i o n  of t h e  phases  ot ifl

h a r m o n i c  components of the initia l signal Zr(t )  are  f o r m e i  t h - ’

signa ls z (0’ conjugate/combined with initial accortlin.j to ii U •r ’.

Voltages from the output/yield of each multiplier are int~~ rat4 -I , a~-~

a result of which are formed the voltages , proportional to V~~l U ~~S X r

and X . Thes e v o l t ag e s  en te r  t h e  n o n l i n e a r e q u i p m e nt / 1~~v i c ’~ w i t h

squa r e—law c h a r a c t e r i s t i c s  (square law detectors), and ~hrr ~ h e

schemat ics  of a d - l i t i o n .  A f t e r  t h e  i d d i t  ion of va lues  X~ a n d  X 2 - ar ~
fo rmed t h e  vol t ages , p r o p o r t i o n a l t o  v a l u e s  V~ 

-~~ -.- - - - -~~~ 
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r~~q. ~~-i~~i-.

Ke y: (1 ) .  Square  law de tec to r .  (2) . R e f e rence osc i l l a to r .  (3) . O !’i:—

inve rter ir/2. (4). Is accepted z1 (t) if V 2 < V 1. (5). Com p~t r i s o ’

device. (6). Input / x (t). Page 99.

The se vol tages  e n t e r  t h e n  in to  e q u i p m en t / d e v i c e  of th? :ornn3 r 1~~op ,

which at the torque/moment of the termination of ~he element ~f

signal t = T conducts the reading and the ccmpa rison of va l ue” V~ .

the output/yield of equi pme nt/device of comparison is accept”~ ‘h e

so lu t ion to  recording  t h a t  signa l (z~ (t)  or z 2 ( t ) ) ,  f o r  w h i c b  r H-’

volta ge V,. is more.  A n o t h e r  vers ion  of t h e  r e a l i z a t i o n  of ru l ’-~

(2. 7. 20) . based on the application/use of matched filters , is ~rou~~i~

in §2.8.

Let us ex a m i n e briefly the questicn concerning the comp o ;it~

probability of t h e  er r or of piece— by— piece r e c ep t i o n  in liacra m i n

Fig. 2.7.4. As it follows from relationship /rat io (2.7.20) , t h e

pro bability of err or Pi during the transmi ssion of siqn il 7 , ( ‘- )

equa l to the probability of the fulfillment of inequ ality V 2

• a nd  the  p r o b a b i l i t y  of er ro r  P2 d u r i n g  t h e  t r a n s m i s s i o n  of s i -~- r - i 1  y.,

(t) — the probability of the fulfillmen t of inequa li ’y V 2 < V 1. ~‘‘ie
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composite probability of the error

p =-~- (p1 + p2)

w as ob ta ined  and i n v e s t ig a t e d  in wor k r 3 6 ) .  Ju s t  as in t -~~ ~
-

~~~~-~~ - °
~

co herent  recept ion , it f i n d s to  be dependent on value h2 - rat jr~ -~~:

t he  energy  of th~ cell/elem en t of signa l to the speci~ral d~~n s i ’y  ~ t

f l uc tuat ing i n t e r f e r e n c e  and on a d i f f e r e nce in th e  f o r m s , uti 1i7~~i

f or the t r a n sm iss i o n  of t h e  i n f o r m a t i o n  of s i gna l s .  In  ~h i s  ca~-~- - f~~t

the  assigned value  h2 b y the greatest freedcm from int~ rf~~ren—e ’

(i n e q u a l i t y  (2.7. 20) a re  f u l f i l l e d  most  “st r o n g l y ”) t h e y  po ss-~s~ t ~~ . -

systems , in which the utilized signals Zr(t) are mutually ot~~~-~~~’~i 1

with any phase disp lacement of one of them , i.e..

________________________________________________________________________________________________ 
— — — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~
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.
~~

- fz,(t) z1 (t) d( = 0;
(2.7.22)

(t) dt = o - 
-

for all r~~l. Such signals were called name “orthog onal in th ~

intensive sense ” [36].

As exa m ples of systems with ortho gonal in the intensive ~ en~-~v

signals can serve the systems of frequency telegraphy (Ch’r), o~
system, in which different symbols transmit by the mutu a lly h ’i n i
noninterrupted in time momentum/impulse /pulses, e’-c.

-eLg Si l l .

I 

--~~~~~ - -- ~~—- -—~~~ ~~- -—• •—
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Page 100.

For the optimum b i n a r y  s y s t em  of i ncohe ren t  r e c e p t i o n , w h i r l

works in accordance w i t h  ru le ( 2 . 7 . 2 0 )  and which us~s ortho’j ‘i l

the i rtensi ve sense signals, the composit e pro~ ahility of erroL

• equal to [36 ]

e (2.7.23) 

~~~~----- •~~~ - - -~~~-~~~~- -• ---~~~- --~ - - - -



DOC = 77090122 P A G E

This expre ssion ietermines thc potential interference rejec~ io~ r

the binary systems of incoherent r e c e p t i o n.  The  d ” p e n i en r ~ of ‘h c ’

probability ot error p on value h2 is represen t ed in Fii . 2.7.3

(curve 3). From the figure one can see that the

indet erminancy /uncertainty of phase compa ra tively little d~ cr-~~~~s

the freedom from interfere n ce of systems with active pause .

Energy loss upon transition from coheren t reception (curv ~ :)

incoh erent for sufficientl y high requirements [Cr the ~ u t h e ~~~ir i ’y  of

reception (p = 10~~ — 10~~ ) does not exceed iSo/c (1 10).

tn conclusion let us note tha t in this pa ragra ph th ? ~rit~~ i~ l~-~

presented are base for the construction of t h e  opt i mu m ‘) -i~ I b ~~!

transmission systems of discrete inforniaticn . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ --~~~~~~~~~~~~~ -~~~~~--~~~~- - -
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§2.8. Concept of natched filter . Optimum schematics of cohere~~- ~n.1

incoherent reception on matched filters.

The examined in the preceding /previous paragraph optimum

decisi ve s chema t i cs  of cohere nt and  i ncohe ren t  r e c ep t i o n  can hc’

realized not only on correlators with multi pliers, but also on

correlators in the form of the filters whose characteri :~tir~- t~~•

agree d in the best way with the characteristics ot th~ a1~’et~~

against the background interferences of signals. In the 1it cr i~~’II~’

such filters were called the name matched .

Po.opredelenih , if Zr(1) h~’ the signa l, ta ken against t h ~-

background of white noise , then matched filter for this siunal is

called the linear filter , which ha~ pu lse response [5 , 2 3 1 :

C (t) =az, (~o — f) . (2.8.1)

where a are certain constant , equal to the maximu m amp l it ic l~ i-m o

filter;

_ _ _  -~~~~--
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t 0 — t h e  f i xe d/ r e c o r d e d  m o m e n t  of t i m e , w i t h w h i c h  is o b s e r v ’ ]

the s igna l  a t  the  o u t p u t/ y i e l d  of f i l t e r.

Page 101.

From relat i on sh i p/ r a t i o  (2.8. 1) it is eviden t that t~ie pu~~so

respo n se of the f i l te r , matched with signal Z r ( t ) ,  differs f r o u  t h e

funct ion , which descr ibes  th is  sig nal , onl y in terms of c o n s~ a i -~

c o e f f i cie n t a, b y displacement in time for value t o and by ~~~

of the argument of timo t. Emphasizing the latter fac t , t h 4— v ~~~v ~~ — v

the pulse response of matched filter is mirror reflection rnli~~~v” 
•
~~

)

axis to the function z,(fl, which determines the instant aneou s va~~i~~-~

of signal.

In order to visualize finctio n G (t) • let us tur n to ~i ~~
. by

2.8.1 , in whic h is shov~ the signal Zr( t ) .  It is obvious tha t t h ~~

function Zr (t— t0), sho wn by dotted line , delays with r~ spect ~o

signa l for a period t0. Function z~(to—I) is •irror by it wit h

respect to axis t0. A fter multiplying z,(1o —~I) to factor of

L 

propor tionality s (in figure a 1) • we will ot~tair pu 1’~e r”~ n- )n:~ ’

(2.8.1). 

-
-
~~~~
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Very freguently in the literature is encountered th~

determination of matched filter, datum with the aid of ~p.3c~~ra~

representations. Let Sr(~) and W r(~
)) be amplitu de and p ha ;~ ~~“c~ r

of signal Zr (t )  respectively, and ~ (w) and 0 (
~

) — t h e

amplitude—frequency and phase—frequency response of lin~ ar fil~~~:.

Then the filter, matched with signal Zr ( t ) ,  is ca l led  t h e  f i 1t ~~i ,

amplitude—frequency and phase—freque ncy responses of whi ch ar’

determined by the relationship/ratios :

K (w) = aS,(w); (2.8.2)
p(w)=_ [p,(w) +~ to]. (2.8.3)
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Zr(t) Z , . f t -C ,)

tD ~ T

~~~~~ 
“—~~

1-. Pag e 102.

In other words, the frequency characteristics of this filter ~~~

accuracy to the constant amplitude factor a and th~ constant I ’-: 1~ v

completely are defined by the spectral characterist ics of ~~j 1~~~i 1 ,

i.e., as “are agreed” with it. Of course, determinations (2. 
~
. 2)

(2.8.3) a n d  (2. 8.1) a re  e q u i v a l e n t.  The p roof  cf  t h i s  pn s i~ ion  can 

- — - ~~~~~~ —-- - ---- - ----- --- —----~ -
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found in works (5, b, 23].

Matched filt?rs possess the fo llow ing important properti”s .

1. Amo n g a l l  possible l inea r f i l t e r s  the w a t c h e d  f i l t e r  ov i ~~~ - -;

a t  ou t p u t/y i e l d  ( a t  t he  momen t  of t ime t = t 0) t h e  g rea $ c-st :t ~ ie  (~~

t he  peak val ue of s i g n a l  to t h e  RMS v a l u e  of w h i t e nois” . ~~~~~~~

relat ion is p ropor t i ona l  h= 1/ ~~i. it is d e t e r m i n e d  o n l y  1- v ‘~~( L ~~ V
V ,2

of signal P~7’, by spectral noise densit y ~2 a n d  in  no w a y  n-~n 1~- o~

the  f o r m  of ~he u t i l i z e d  s i g n a l  ( d ur a t i o n  of s i g n a l , t h €  w i d t ~ o~

spectrum or from any other special feature/peculi irities 0 ’

structure) , wh ich is v~ ry important for applying broadband n o i s~~— l ~~

Signa is.

om itting the simple torma l proof of this property, w h ic f i r i~ 1

found , fo r exa m p l e , in [ 5 , 23] . let us e x a m i n e  i ts  p h y s i c i l

i n t e r p r e t a t  ion.  In  connec t ion  w i t h  t h e  f ac t  t h a t ~ h~~ ph a s~~— fr ’ ‘i ’n

response of m a t c h e d  f i l t e r sa tis f ies  r e l at i o n s h i p/ r a t i o  ( 2 . ’l . 1) ,

harmonic com ponents of signal Zr ( t)  at the oUtput/yiell ~~ thu

filter have at the moment of ti.e t t~ one and th e ’  same nh i- -~ , as

result of which occ~rs the arithmetica l ad lit ion of th -~ir •a - r o l ~~~~n~~~s. 

~~~~~~~~~~~ —-- ~~~~ —.~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~ct u a l ly ,  t h e  compo nent  of the s i g n a l  of f r e q u e nc y ~ a t  c~~r t i i n

m o m e n t  of t ime  t h a s  t h e  f o l l o wi ng  r e s u l t a n t  ph ase  in t h ~
output/yield of the filter:

8(t) = wt + ~p, (w) + ~p(w) = o~t +!, (w) —
— 

~p, (w) — wf 0 = w (t — t0). - (2.8.4)

With t = t 0, indep ende~it of frequency 9 (t) = 0. Consequen tly, ~~~
‘-

this  mom ent  of t im e t h e  har monic  c o m p o n e n t s  of s ign al  a r ~’ ar c u i o i l  u -  ~

in phase and form pea k overshoot (Fig. 2.8.2).

Page 103.

Harm onically the components of white noise, which have r a n d o m  t ’h ~~~’c

(see §2.6) , crossing t he  matched  f i l t e r , also w i l l  be c h t a i n e i  t i c

phase s h i f t s  0 (~
) — {q r ( o )+ ~~to}, . w h i c h , howev er , w i l l  not  cba t ;~~. ’

their rand om character. Because of this the result of th e ai :Iit:c ,’ ~~~

the components of noise at torque/moment t o at the o u t p u t / v i 1 1  c

filter will be random wit h by the negligi ble probability or ~~:e ~ a’-’

that they will be formed in phase. The effect of ~atche 1 f i l ~~~ c c:

- ----

~

--

~

- - -  ~~~~~-- - -  ~~~-- - -~~ -— ------. ~~~-- - - - - --- -~~ _ _
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the a mplitudes of the components of signal and noise c om p l .~1- e ly

determin ed by the amplitude—fr equency cha tacteristic of fil~~~r

(2.8.2), repeating th e amplitude spectrum of signal. Because of this -~

the filter provides the best isolation/liberaticn of th~ m o s t  ir ~~~- r s ~

regions of the spectrum of signal , and weak regions of the spectLu !~

it attenuate/weakens, whereupon the wea kening the q rc’at~ r , t h .~ le ss-’:

the i nte nsity of the corresponding com ponent. Filter as “etnnh~~~izc~~’

those componen t s, which most strongly affec t the peak valu - ’ ou~~~u t

the voltage of siinal. The weakening of noise spectrum , un~~tor n- at

the input of filter, is observed at all frequencies , wi~ h ‘he

exception on ly  those, that correspond to the maximums of th~ ~~r)~~c !~~1RI

of signal. Thus, the frequency cha racteristic cf inatch~ -1 f ilt e r

provides the maximum possible signal—to—noise ratio at outpu t /yi c-1: .

2. As noted , the maximum signal level is reached on o u t  ~~~

matched filter at the moment of time t t0. Value t 0 charac~ e’ i r -~

the delay time in the signal after the passag e of matched fil’rr.

From formula (2.8.2) it follows that to must be not l— ss tha n ~~~

foment of time T of the termination c~ input signal , i.e.,

to > T. (2.8.5)

_ _  _ _ _ _  --~~~~~~~- -~~~~~~~~~~~~ — - -~~~- . -~~~~~~~~~~~~~~~~ ---
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Page 104.

Otherwise the optimum filter would deve lop cn its ~ut. p ut fy i c l1

volta ge even before to its input into torque/mom en~ t 0 w i l l  ~~~~~~~~~~ ‘: 

—------ -- -— -— - ~~ - .- - --- - . —---- — --rn--- ——------ - -- -- .
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signa l 1~

FOOTNOTE 1 _ Actually, Since z,(1)~~O w i t h  t )
~ 
T, as it follows ~:o~

(2.8.1), in the case t o ( T possible it  would be G(t)*O wjt ’

t < 0, i.e., even to the torque/moment of the effect of input sig r i l .

ENDFOOTNOT:.

It is obvious that this filter virtually could not be carr ied ou’.

the general case the delay time to can be arbitrary, provid~’l i i  ~- i ~~ n

case was sa t i s f ied  r e l a t i o n s h i p/ r a t i o  (2. 8.5) . U s u a l l y  t o  a vo i~ ~ n

ex cessive sig n al  de l ay  at  the  o u t p u t/ y i e l d  of f i l t e r  a n d  for

simplifica tion in the structur e of the matche d filter they ~el~ ct

(2.8.6)

3. Matched filter possesses the property of invariarc ’ r.- l i t l v

to a m ç l i t u d e , t emp o r a r y  s i t u a t i o n  an d  t h e  i n i ti a l  p h a se  of c iu ~ u 1

(23] .  This  means  t h a t  i n d e p e n d e n t  of a dela y of t h e  r ec~~i v . - 1  s~~-~ i

in t h e  t r a n s m i s s i o n  c h a n n e l  of a ch a n q e  in i t s  a m p l i t u l - -’ a -  i :  ~~
‘

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~
,_

~~~~:-E
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phas e of h i g h — f requency  f i l l i n g  of the c h a r a c t e r i s t i c  of m a ~~ch e~

f i l t e r t h e y  do not change .  Actuall y,, as this follows f r o m

re la t ionsh ip/ra t ios  (2. 8.2) and  (2 .8.3) , to signa l t h a t  wh ich i~~

d i f f e r i n g  f r o m  d a t u m  o n l y  b y  a m p l i t u d e , b y de lay  and t h e  in it i~~l

phase , w i l l  cor respond the  on ly  another value s constant a and t~,

w i t h o u t  a change in the frequency characteristics of matched f i i ’ e’ .

The p rope r ty  of i n v a r i a n c e  has great  pract ica l value.  Tn  t~~e

in f o r m a t i o n  c i r c u i t s  a m p l i t u d e , d e l a y  and  the i n i t i a l  p h a se  of ‘-he

recei v ed si gn al , as a r u l e, a re  subjected  to  r a n d o m  c h a n ~~~s. ~~ow -v ~~: ,

instead of cons t ruc t i n g  the e n o r m o u s  number of filters , each o f  ~ h i c h

wou ld  be agr eed w i t h  t h e  signa l, ha v i n g  the  d e t er m i n e d  v a l u e s o

a m p l i t u d e, d e l a y  a n d  t h e  i n i t i a l  phase , st i f f i c ient  to  c on s t ru c t o n ]  v

one f i l t e r , m a t c h e d  w i t h  a l l  s i g n a l s  of t h i s  f o r m .

~~~ . F i n a l l y,  the  remarkable  p roper ty  of the ma tched  w i t h  si gani
z~(t)

filter lies in the  fact that this filter is the oquipm ~~nt /rievic ,

which measures th? crosscorrelation funct ion between receiv” l siar~i~

x (t) and the expected signal Zr (t ) .

Page 105.
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Actually, the output potential of any linear filter at cert di i

momen t of time t is determined according to superposition theor ’n b y

following expre ssion [38]:

u,~~ (t) = j’ u3~(t ’) 0 (t —~t ’) d~, (2.8.7 )

ihere u, 1(t) is inpu t voltage ;

G (t) — the pulse response of filter.

Then , assuming that u~~(t) there is received signal x (t) , a n d  ~ 1co h v

taking into accoun t rel at ionship/ratio (2.8.1) and (2.8.5), w~-’ w i l l

obtain that output potential of the matched filter

u1~~ (t) = a f 1x (t ’) z, (t ’ — w) dt’ , (2~8.8)

~IL ~~~~~~ • .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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where -r = t — T.

Comparing this ex pression wit h formula (2.3.12), w~ r o m pr i~~c

that the voltage u~~1 ( t)  differs only in terms of constant f~~c to i  a

that crosscorrelation function bet ween received signa l x (‘) •~ n i # }

expected signa l Zr(i). The difference with-in integratio n limi~ s ir~

formulas (2.8.8) ~nd (2.3.12) does not have a value , since the

duration of received signal x (t) is limited by range from 0 t o  T

outside this interval becom es zero.

Thus, the matched with the expected signal Zr(t) filter is

completely equivalen t to the correlator of Fig. 2.3.’$a, whic h

measures the crosscorrelation fu nction of processes x ( t )  and Zr(t).

This fact has great practical valu-~, since it shows that the

schematics of the optimum rece ivers can be constructed u s e  on

ma tched filters. Moreove r in a number of cases (especially wh en usi~~~i

broadband signals in channels with multi—beam cha racteristi cs ) such

decisive schematirs are realized considerabl y simpler th an on

multipliers.

The expressed posit ions relat ive tc thc i-rcpe rti e~ o’ na ~ c~. I
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filt~~r can be illustrated with the aid cf fcllovinq simple ~xa~r~ ].-’

(6].

Page 106.

Figure 2.8.3a depicts the schematic of the formation 01 bro t~~~~n

signa l, which rontains one delay line in removd1/ -ou~ le ts , ~~~~~~

dialing/set of narrow- band filters ~~~~~~~~~~~~ and ~ mp l 1~~u 1 k

corrector S,(~). The exciting narrow pulse is delayed in t h ~-

removal/outlets of line for a period ti, r2 ~~~~ . Than f r o ’

spectrum in ~a~ h removal/outlet is isolated the correspond in

spectra l com ponent of the form/shaped signal. 

~~~~~ -- — - - .~~~~~~~~~—~~~~~ - -~~~~~~~~~~~~~~~ — . -~~~~ - - -~~~~~~~~~~~~ - -~~~~~~~~~~~ — . ---.



--I. -

DOC = 77090122 PAGE

ci) 
~~~~

‘t, ‘r2 . . .
WI (Al 2 

A , A 2 • 

~~~~ A~I 
AMnJ7ue77~~ IwU
ROppe~mop S,. (w)

I z,.a)

~:4~i.3.



-
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DOC = 77090122 PAGE

— -

Key: (1). Delay line. (2). Amplitude cOrrec tor. (3) . Delay lin e . r~~iqo

107.

The a mplitudes of the com ponents of signal A 1, A7, ... , A~ ar t-

form/shaped with the dialinq/set of amplitude corrector ’s at~ ~- i ~~t~~ts

( a t t enua to r s )  I •

FCOTNOTF 1 _ Amplitude corrector can be carried cut also in t h~ f o r m

of linear filter with characteristic S,(w). EIDFOOTNOTE .

The formed harmonic components of signal are summa rizel i n

common/genera l/total busbar at amplitude corrector ’s oUtpu~ /v i .’11 ,

forming signal z,(i). Its amplitude spectrum is detc’rmin~ i b y

corrector’s char ,~ terist ic Sr(ü). The phas e spectrum of si~~n il p,-(w)

depen ds on the selection of the iritial phase s, determ in ?i h v  d e l a y

factors  t , t2, ..., r~. Selecting in an eppropriate manner ef

value of ampl i t udes  A~ and of delay~ ~~~~~ it ir possibli-’ to f~~ i n

b roadband  s igna l w i t h  s u f f i c i e n t l y  n o i s e — l i k e  s t r u ct u r e .

_ _ _ _ _ _ _ _  ~~~——,.-_-~~~~~~~~~~ -~~~~~~~~
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It is not difficult to see that the diagram in Fig. 2_H . L-i is

changed form version examined into ~1.1 the diagrams of the f~~~~~~~io~

cf broadband signal (see Fig. 1.1.3) • i f  we in the latter i~’t - ’ r - L  ~n s~-

the position filters and dela y lines.

Let us examine , as must be constructed th€ m t t c h e I  w i t h  si~~ i ii

z~(t ) filter.

First , from condition (2.8.2). set/assuming for simplici t y =

1 , we obtain , t hat the amplitude—freque nc y characteristic of f~~li~~i

coincides with th~ amp litude spectrum of signal Sr(~ ). Cons oiu~ n e l v ,

in the construction of filter it is necessary to proviie the

dialing/set of narrow—band filters for frequencies GJI, W2,...,~ tifl and

amp litude corrector , analogous ~-o the corrector of shaper .

In the seconi place, the phase—frequency response of filt~~r

differs frora phase spectrum only in terms of sign. Therefore t or
synthesis of matched filter it is nece ssary to chanq~ only ~hr. i~ 1~~v

time in each component so that the obtained by them phase ~;hif~~s
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would change sign. This can be reached wit h the aid of delay lin e il

the removal/outlets, connected “mirror ” with respect to the lin~ of

shaper. As a resul t the matched with signa l filte r assumes the form

of Fig. 2.8.3b. The delay time in the removal/outlets t , ~~~~~~~~~~~~ ~~~

is selected so t h a t  is satisfied the conditio n

¶1 + = ~2 += ...=;+ =to. (2.8.9)

The m the pba ses of all harmcnic components of the adopted use~ u1

signal LL Z r (t) are formed in phase in the output/yield of f i ] t ’ - r a 4

the moment of time t o.

Page 108.

W i th  sa t i s fac t ion  ot c o n d i t i o n  (2. 8.6) at t h e  t o r q u e/ m ot v e n ~ o~

t e r m i n a t i o n  of t h e  ce l l/ e l ement  of s igna l  T is p r o v i d e ]  t h e  cr~i1 i~~ i

volta ge of usef ul s igna l  and  the  m a x i m u m  excess by it in t e r t e : e T l c -

( t ) .  The ch a r ac t e r  of a change  in t h e  o u t p u t  v o l t a g e  of f i l ~~~:

according to (2 .8 .8)  r e f l e c t/ r e p r e sents d i r e c t ly  in t i m e / t c ’m ; l n r~ r ’

___________________________ 
~~~~~~~~~~~~~~~~~~ 
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scale the short—term mutually correlated function of the adopt c’d ~~

“reference ” signals  x ( t )  and Zr(t).

Let the inter ference ~ (t), which enters the inpu t of F i l t ~~r , be

so small tha t it ~an be disregarded , i.e.. X (i )~ =~~ Zr ( t ) .  I!~ t I l s

case on the basis (2.8.8) the output voltage of the filter

u~~~(t)==a,.L / z, (t’) z, (t — t + 1’) dt’ . (2.8.10)

Whereas it fo l l ows f r o m  t h i s  expression , volt a ge UBMX(t) maps into

t ime  the  s h o r t — t erm au toco r r e l a t i on  func t ion of t he  usefu l  si -~nal. I n

cther word s, ma t:hed filter transformed signa l into its short—t erm

autocorrelation function. If the amplitudes of harmonic c om n o r . °n~~s

A!,  A2, ...,

are approximately i d e n t i c a l ,  and  f requen cies  0j ,  (02 (On

selected d i f f e r e n t  and m u l t i p l e  c.~~ = 2v/T, voltage at the

output/yield of filter it coincides wi th  c o r re l a t i o n  t u n ~ t i o n

(2.5.9). Its change in time is shown in Fig. 2.8.4. As car.  ~‘e s~’~~r

from figure, output potential of filter has the oscillator y c~ ~r , !r ’~

with eq ual in med ium f r e q uen c y the to spectrum of s i i T t a l  Z, ( t ) .  an d  i ;

t~ e slowly bein g changed envelope. The maximum cei lin j , , 1 e t tg c a  ocru~



~
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in  r a n g e  f 1/F r e l a t i v e  to the  t o r q u e / m o m e n t  of the  t e r m i n a ~~ion of

signal. At the moment of time the reception of the sub sequent

cell/element of signa l at the output/yiel d of filter there is no

voltage, caused by the preceding/previous cell/elements of s iq n a l.

Let us define as one should construct the diagrams ot t h e

examined in the preceding/previous paragrap h optimum re~~ iver~ ,

utilizing ma tched filters. Page 109.
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ug61~(t)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~
~

J~~ l~~~j/.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~ 
_ _ _ _ _  _ _ _
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h Page 110.

Since Zr ( t )  is identicall y equal to zero with t < 0 and t >, T , of

(2.8.8) it follows that the output potential of matched fi1~~er ot ‘i. e

terque/moment of the termination of t h e  cell/element of signal ~

u~~ (T) = a f  x (t)z,(t) dt~~ -~~
- X, (2.8.11)

and w i t h  an a c c u r a c y  to  the  cons tan t  f ac to r  a/~.i coincides w i t h  h. .-

val u e of short-term crosscorrelation function Xr between rec~~i ve~

signa l x ( t )  and  t h e  expected s ignal  i-L zr ( f ) . There fo re  in t~~e c~~:-; - ~ of

t he  coherent  recep t io n of s i g n a l s  wi th  active pause t h e  de ci s~ v .~

diagram of the optimum receiver assumes the form , shown in F i ~~. ~~~~~~

(compare wit h Fig. 2.7.2). Received signa l x (t) enters t h ’~ m i t~~~ ci’~

with signals z1 (t) and 22 (t) filters.

The vo l tages  f r o m  the  out p u t/y i e l d  of matched f i l te r s  ~~ t

t o rque /moment  of r e a d i n g  t = T enter the equipment/devi~ � o~ t”~

comparison , which selects that signal Zr (t ) ,  for which oht air el

_ _  _ _ _ _ _ _ _ _ _  -~~~-—  _ _ _ _
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greatest voltage. It is obvious that this diagram realizes t h ~ rt:~ .~

of solut ion (2.7.14) a n d  the probability of the error ~ n i t  is

determined by rela t ionship/ratios (2.7. 17) and (2.7.19~ f o r  cp si~~~

and ort hogonal signals respectively. In this ca se just is for ~

circuit on multipliers , in the case of using signals wit h ac~ iv—

pause the “scale” of the outpu t voltaqes of filters, 1e’-~~rmi n r ~ l v

factor a/u , can be arbitrary, convenient for a pract ical r e alizi ~~io’.

and ident ical for bot h matched filters.

Fig. 2.8.5.

Key: (1). Matched filter z1 (t) . (2). Equipment /device of co:~ip ~~r i a ~ .

(3). Reading . (4). x (t) / input. (5). Solution. Page 111 .

Let us note, that even so at the torque/moment of t~~mr r o~ t i . ~~

L. ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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output potential of ma tched filter and on the out put/yield of

correlator w i t h  mu l t i p l i e r  the y coincide with an accuracy ~o Cf l ’~~~

factor however for the moments of time t < T these •iia~ rams ~iv~

substantially different voltages . Figure 2.8.6 shows the

exemplary/approximate form cf voltage from broadband siqnil On tt :~

o u t p u t/y i e l d  of co r r e l a t o r  w i t h  m u l t i p l i e r .  As can be see r f r o m

figure, this voltage is the monotonica l ly growing from z~?ro 
4

~~)

function. Voltage on the output/yield of matched filter is 4h

oscillatory function (see Fig. 2 . 8. 4)  with the amplitui~~, wLi ’~ ~ r o~~s

from zero to Xr

As a resul t of the oscillating charact er of ~he outp ut v olt ~~~

of the matched filter of requirement fcr accuracy of r in c~

(synchronization of reading) in diagram in Fig. 2.8.5 signi fic u”1v

higher tha n in diagram in F ig. 2.7. 2. In diagram with m a t~~h e t ~~~ i

the permissible displacement of fiduci al mark must he much less t~~~in

the period of high—frequency oscillation , i.e., is muc h less than

value 2w/K w0 (in the general case m uch less than value i-’— , w h e r e f~
is the medium fre g uenc y of the spectrum of signal). 0therwi~’e I’-

possil~1e l a r g e  e r ror  ~ nd even  a sign change of out~~it volt ~~~ U

d i a g r a m  on m u l t i p l i e r s  a re  p e r m i s s i b l e  t h e  cons ith~t - a b l y  -l r .~~ #~~r

displacement of fiducial mark , provided they rcma in .’d m u c h  1~r~ ; • I . i ~

the duration of the cefl/element of signa l T.

_ _ _ _ _ _ _ _
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Fig. 2.8.6. T’age 112.

However , wh en u s i n g  a cohe ren t  r e c e p t i o n  i -h i s  spec ia l

feat u r e/p e c u l i a r i t y  of d i a g r a m s  on m u l t i p l i e r s  is unessc ~n t i ~~l , ~i ’~ -~-

in such diagrams are presented ver y stringent requiremen ts t o r ‘ I .

accuracy of the synchronization of received s i.~ na 1 w ith ~e ~er ~~~~~

oscillators (also order 2w/Kw 0). Requirements tct syn ch ren i z .-i i o m
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(eit h er r ead ing  or r e fe rence  o s c i l l a t o r s )  can be co n s i d e r a b ly  l - m - r ~

w hen using circ ui ts  of i n c o h e r e n t  recept ion  t 36).

The use of m a t c h e d  f i l t e r s  in the  d i a g r a m s  of i n c oh ~~r e n t

reception is based on the isolation/liberatio n of the envel otu o o~

o u t p u t  po ten t i a l of filter. If U.wz(t) is an instantifl?oUs valu o’

the output voltage of filter at the momen t of time 0 ~~ t- ~~ T , ‘ b t

the envelope E~~ (t) of this voltage is equal tc

E~~~ (t)  = Yu ~~~ (t )  + u~~~(t), (2.8.12)

where u~~(t) is the function , con jugate/combined according to

gilber t wi th UfiMX(t). It is possib le to stow (fcr examp le , ~~~e r

t h a t  the  v a l u e  of enve lope  at t h e  m o m e n t  of t i m e  t = T with ar

accuracy  to c o n s t a n t  f a c t o r  coincides  w i t h  v a l u e  Vr, by speci tir

relat ionsh ip  (2 .7 .21) , i.e. ,

E,,~~( T ) = kff V,. (2.8.13)

wher e k~ 
— c e r t a i n  c o n s t a n t  c o e f f i c i e n t .

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -----~~ - ---
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Then the optimum decisive diagram of incoherent receptio r~

assumes the form, presented in Fig. 2.8.7. Received siinal x ( t )

enters the matche d with signals z1 (t) and z2 (t) filter~ , ou4 :1’1~

volta ges of which pass through the squaring equipment/devices (:~~n1 ~~~

law detectors). At the torque /moment of reading T of the voltage tro~ii

the o ut p u t/y ield  of detectors, proportional to va lues V~ and V~, ar~

introduced into equipment /device of the comparison , which selects

t ha t  signa l, fo r w h i c h  o b t a i n e d  l a rge r  vol tage .  The probabilit y (~~~

the error of piece-by—piece reception in this diagram wher . n s inr

orthogona l in the intensi ve sense signals is determined by

relat ionshi p/ratio (2.7.23). As concerns requirement foL i C C U L ~~r v  o ’

reading, preliminaril y let us note ~~:4t in diagra m in Fi~. 2.~~.
7

permissible displacement of fiducial mark must be mu ch less f har

va lue 1/F, where F is the conditional frequency hand , occupi’~

signal. For the utilized broadband signals always is fu lfi ]1~~1 t L • ’

i n e q u a l i t y

(2.8.14) 

~~~~ - -  —-~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - — - - -- . — - - -- --
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Therefore in the diagrams of the incoherent rec€p + ion ot r’ nii :.-n ~~ r

for the synchronization of reading it is c o n s i d er a b l y  ~a s i ’r  ~ h - t :

with coherent rec~ ption. In more detail this question is exarn i r ’ -~ ~r

chapter 3.

U’
C o c c~a,rno,e /(8adpamu~NbJe

~~Qnafl7 ~O, öeirie~rinopôi

(~
)

Fig. 2.8.7.

Key: (1). Matched filters . (2). Quadratic detectors. (3) .

F q u ip m e n t / d e v i ce  of compar i son . (4 ) .  R e a d i n g .  (5) . S o l u t i o n .

m....i ~~~ tim ..

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Pages 113—1 4 0.

§2.9. Fundamen tal cell/elements of correlator s in the sy :;tem~ ~

broadban d c o m m u n i c a  t i o n/ c on ne c tj o r .

In t h e  p r e c e d i n g/ p r e v i o u s p ar a g r a p hs i t  was

established/installed that the correlators of the receivers ot

broadband  c o m m u n i c a t i n q  sy s t ems  are the mu lt ip lyi n~ , r~ ti r 1 i ’~.~ ~
integrating equipment/devices. Furtherm ore , the necessary ~~~~~~~~ ~ 

~~~~~~~ - - - -~~~~~~~~~~~ ~~~~~---~~~~~~~~~~~~~~ . -~~~ --~~~~- -~~~-~~~~-~~~~~ -~~~~~~~~~~~~ -~~
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the dec isive networks can be the summing and subtractors , w h i . c~ f o : r

par t , for ex amp l e~ com par i son  c i rcu i t .

In the present paragrap h is given the concept of o p e r a t i ’

p r inc ip le, the possible diagrams and the construction or suc h

equipment/devices. The more detailed stud y of these probl~~m s ~~tr

found in works [21 . 23 and , etc) .

Multiplying equipment/devices of correlators . The p r o h i e m  o~

mu l t ip l y i ng e q u i p m e n t/ d e v i c e  ( m u l t  i pl i e r )  is t h e  f o r m a t  i o n / &  l ’j c  ~-
of t h e  product  of t w o  i n p u t  s ign a l s , i.e. , o b t a i n i n g  th ~ out pu t

vo ltage, instantaneous values of which are proportional ‘-o h.~’

product of the instantaneous values of two conducted /suppli~~1 s~~

input tensions. In mutuall y correlated systems as output vo1~ r ~~~~~~ a:.’

adopted x ( t )  and s u p p o r t i n g/ r e f e r en c e  Z
r~~
t) the signals. In

a u t o c o L re l at i o n  s y s te m s  (see C h ap t e r  4) m u l t i p l i e r  mu s t  f o r m  ~ r n I ’ u c t

undelayed x (t) and delayed by the determine d time x (t_ ?) ot

sig n a l s .

Is k n own  ~t pr ~ sent  the l a r g e  n u m t ~er or  v c r sion s  of t h ,

schematics of th .~ m u lti~~lyi nq equip m ~ nt/devices . ~1owe v~ r, ~~~ w~~u~
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all t h e m  is based on t h e  m u l t i p l icat ion of i n p u t  vo l t age  e i t h e r  w i ~~~.

the aid of the special ce l l/ e lements, w h i ch possess th e  ph y s i ca l

e f f ect  of mult i p l icat ion or w i t h  t h e  a id  of elect r o n — t u b e  or

t r ans i s to r  d iagram s .  According ly, are d i s t i n g u i s h e d  t h e

direc t/straight a n d  indirect methods of multiplication. Dir’c~

methods utilize the physical effects, proportiona l to the pro duct of

two measured values.

Page 114 .

The y can he basel , fo r e x am ple , on t h e  ap pl ic at ion /u se of tt ’ e H a l l

effect.

The essence of the Hall effec t consists of the follo win - .~ ( F~~ i .

2.9.1) . Let current I (t) , that takes place through the cross sect i ~~~

of f i n e/ t h i n  m e t a l l i c  p l a t e , be proportional to input volt age x ( )

and magn et ic field H (t) , p e r p e n d i c u l a r to the  c o n d u c t i n j  p l a t .~, O V ~

which occur/flow/last s the current , it is proportion al ‘o ~~~ vol~~~uc

of r e fe rence  s i g n a l  ~~~~~~ The n in t h e  d i r e c t i o n , p~ r p ?n i  i c u l  ar  +

di rec t ion  of f l o w  and  m a g n e t i c  f i e l d ,  appears  t h e  so - ca l l el  ~‘ u l 1

voltage , proportional to prod uc t I (t) U ( t)  and , consequent~~v , ~ 1 :r

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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x(l)z, (1).

As t h e  m a t e r i a l  of the  c o n d u c t i n g  p la te  can be used b i s m u t ~~, s i l i c c r ,

tellurium or semiconductor . Magnetic field is created by coils

air—c cred.

The advantage of the direct method s of multip licatior. i~ ~~
fact that they make it possible to directly obtain the unk rown

product. The accuracy of the wor k of direct/s traight m u lG ip l i .r s j.~

very high. The diverg ence of the resulting stress from the p r c l . r c t

inpu t  can not exceed 1—2o/o. A d e f i c i e n c y/ l a c k  in such m u l t i p ]  i . - t c

large volu me of expenditure on accessory equipment (electric f l o w e r

supply, supplementary amp lifiers). Therefore the direct m et~ o-I s rt

multiplication wide acceptance were not received.

An a t  present  p r e f e r r e d  use f i n d  the  ind i rec t  m e t h o d s  of ~~-u

m u l t i p l i c a t i o n s, w i t h  w h i c h  t h e  produc t of i n p u t  v o l t a g e  ir  ~~~~~~~~~~

because of the formation/education from them of the c o r re s p o r~1 i~~

sums and differ ences. Such multipliers are constructed for c ir cii ~~s

by the use of electro n tubes or transistors and require s m a l l . ’i

expenditures. Although the accuracy of the indirect m e t h o i s  ~; “ ~~

lower than of straight lines ones however tor practic al

target/purposes it turns out to he comp letely suffiri~ n~.
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Fig. 2.9.1. Page 115.
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From such multi pliers it is possible tc note the multipliers , ~~- i c ~

wcrk cn so—called quarter root—mean—square method [21], i.e., ir .

accordance with the aijebraic formula

xz (~x + z)2 — — z)21, 
- 

(2.9.1) 
‘

where x and z - input voltage.

The functional diagram of the multiplier , which re~ lizes thi s

formu la, is represented in Fig. 2.9.2. As can be seen from fiou:~~ ,

the product of input voltage x (t) and is obtain~ i by t h - ’ .

forma tion/education of sums and differences in them with th e

subsequent q u a d r a t u r e  a n d  t h e  secondary s u b t r a c t i o n .  The  sped ii

feature/peculia rities of the construction of the summi nq a.t. - i

su btractors are examined below. The squaring equipme nt/devic~’s ir-

diagr am can be carried out cn electron tubes or tho s e mi c o n d u ct o r

diodes, which h ave  a p p r o x i m a t e l y  s q u a r e — l a w  c h a r a c t e r  j 5 G ics. A

defic iency/lack in the diagram in Fig. 2.9.2 is ~he ~resonce Ct

~ 

- - -- - --
~~~~~~~~~~~~ 

- - - --
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squaring cascad e/stages, w h i c h  leads t o c e r t a i n  of its c o m p l  ic ~ in n .

F u r t h e r m o r e , the  c h a r a c t e r i s t i c  of a n y  e lectron t u b ~ is n o t  s~ n i c~ l y

quadratic. Therefore for a decrease in the error in the work o~

circu it it is necessary to complicate the construction of m o st

squaring equipment/devices. A very interestin g example of simp le

indirect multiplier is the diagram , published in work 4~~~~~].  14  i~ -.

represented in Fig. 2.9.3a. The operating pr incip l~ of s-his

multiplier can be exp lained with the aid of the simplif ied e T~J 1 V , t 1~~
- n t

diagram in Fig. 2.9.3b. Under the action of the afl p li~ i input ~~~~~~

x (t) throug h tubesjl1 and f12 occur/flow/last currents i1 = i0/’ (1 +

ax) and t ,2 = i0/2 (1 — ax) , where i0 is a c a t h od e  c u r r c n t  J ?~ ~n i )12:

a is the constant coefficient of proportionality, determ ined b y  ~~~~ .

mutual conductance of these tubes. Cathode currents)?3 a n i  J7~ U f l : 1~~~L

the action of input voltage i~~~~~~(~~~~,) are equal to i3 i~ /2 (1 + ~z)

and i5 = i2/2 (1 - bz) , where L is the constant coefficient ,

determined by slope/transconductancef)3 and J1~. The n takin~ ir. t - ~

account  va lues  i 1 a n d  t 2 we obtain that

13 = -~~
- ( I + ax) (1 -~

- bz) = -
~~

- (I -f - ax + bz -
~

- abxz);

—ax — bz J - abxz). 

~~~~~~~~~~~ _ _ . ~~~~~~~— _ -—-- _ -~~~~ -- — -
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bICfflo ~~4~~ BblxOt9
- 

- 

yCm.OOUCI-780 A(C) Z~ (t)

x-Z ~~ff~ 21~’fl7 ~O (~.j)t

Fig. 2.9.2.

Key: (1). Adder. (2). Squaring equipment/device . (i). Suhtract~~ .

(4). Ou t p u t/y i e l d .  ( 5 ) .  S u b tr a c t o r .  ( 6 ) .  Squaring ~ ilIir m~~nr /I.~.vj( -~
Page 116.
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- StOM/SIFOOM (3)
(.1) j tOt/FrOM -

(i’, 
~~~~ 47,.- (q) -

-
, 

____  _____  -

‘

t
’ 

_

81,.-av (‘)

x (t) 5MD~ 24OoM~~ -

- - 

~~~~ 
47~M

25O.~ (I)

_ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Key : (1). V. (2). kQ/Q. (3). kQ. (~~1) . Output/y ield . (5) . I ~~~~~ . (1) .

ohm. Page 117.

Cathode  cu r r en t  M7 is equal to the sum of these currents:

17 13+ 15 -~~- ( l  +abxz).

Analogously discussing, it is possible to sho w t h a t

18 = 1~ + 14 = 
III 

(I — abxz) .

A difference in currents i 7 and i 8 gives —

--~~~~-—-- - - -~~~~~~ ~~~~-- —  
- - 

~~~~~~~ -—-—~~~ - - - 5 - ~~~-— —5 --—
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17— 1~ = t~abxz.

Thus , iii common/general/total anode circuitJ l, -t r i 1 J1~ w i l l  t - s

isola ted the output voltage , proportional tc pro -iu c~ ) ( ( t)  ‘
,
,

According to the data [148] this multiplie r works in th~ v~~i V W~

frequency band of input voltage from 0 to 2 ~ Hz w i t h  t h e  s u ~~~~r i ’~c~~1- ~

hi gh accuracy of multiplication (order 1—20/0).

F i n a l l y ,  as sufficient ly simple mult ipliers is foun d 1;~~ o~

diagram of circ ular bala nced nodulators (?IJ. 2 .9 . t4) . L.~ UF

that all diodes of ~odulatoc are identica l and ha ve th ? ~~x p o n - r~~~ ~1

cha r ac t e r i s t i c s  of f o r m  1k —A (e~~ —1),  ulLer e A - m d  ~ s r

constants; j  — the current of diode; U . — ‘he VO1 G ~~e a r l T ’H .

diode. The n it is possible to show that the curr ent of t t . ’ lc~~

- _ - -- 4 A~.
- -- - -  - -
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= [A~Y~ + 
,.4?2 

(x! -
~

- Z2)] xz- = Bxz ,

where B is certain constant value .

Consequently, the stress in the lead of m odulator is

p r o p o r t i o n a l  to t h e  product  of i n p u t  vo l t age  x (t ) and  z ,,(~~).

n ote that for the undistorted multiplication it is necessary ~~~~~

suppor t  c o n s t a n t  v a l u e  B , w h i c h  d e p e n d s  on the sum of th~ s1ua! .~. (~~
‘

+ Z 2) of the amp litudes of input voltage, i.e., it is np cessiry t o

support with constants the effective valtr es  of  i n p u t  vn l ~ aqe .

~

- . .  ---- ~~~~~~~~~~~ - - - -~~~ -~ - - -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~io8 t2~~~~~~~~~.i’x(C) Z~ (e)

Pig. 2.9.4.

Key: (1). Input. (2). OUt put/yield. Page 118.
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Circular balanced modulators as multiplier s find a use ~t t h -~

sufficientl y hig h frequencies of input voltage — f r o m  s e ve r a l  - l - ~~- -
~~

ki lohertz of up to several dozen and even hund reds megahertz. In wo:~

with broadband signals (noises) in them it is expe~i ien t  t o  u s - i l i z ~
peak transformers on ferrite rings. The application /use nt suc h

multipliers is very convenient in the ccrrelatcrs, to inpu ’ o~ w L~~c-:

are supplied the voltages of different carrie r frequenci’s , m

integrat ion of produc t is conducted at the intermediate f r e c T u - ~~~c y ,

equal to a difference in frequencies of input vcltage. Th~~r e f o r - —

do uble—ba lanced m o d u l a t o r s  are u t i l i z ed as m u lt i p l i e r s  in t h e

so—called diagrams of synchronous heterodyn ing (see §3.2 an-i ~~~~~~

It must be noted that the mod u lator circuit as mul ti n li ,~r

differs somewhat from the mixer stage of receiver . This is e x r l a i ~- .

by the fact that its output voltage turns out to he p r o p o r k - j o r a l  0

the product of input voltage , while the usual mjxer st3-~ of 
~
- ~r . i v -

usually is controlled by the considerably larger voltag e of

h eterod yne .

I n t e g r a t i n g  equ i p m e n t/dev ices  of ccr~~~la tors. The in~ ~i r~ i~
cascade/stage of correlator serves for the forma t-ion/ odicm ti on et

average value of prod uc t ~~t~z , (/ )  (or x (t) x ( t — - r ) ) f o r  t i ’~ of ‘L.-

_ _ _ _  

—-5-- —-
~~~~~~~~~~~~

- - — - - ---
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duration of sig na l T:

= -
~~

- f  x (1) z.- (1) dl. (29 .2)

The s imples t  i n t e g r a t o r  is the  i n t e g r a t i n g  RC n e t w o r k  ( F l  ~~.

2.9.5). Input a~~t)-=x (t) z1(~) and the output u2 ( t )  volt.i p-’s i~~ I -..

are connected by the relationship/ratio

RC = u1. (2.9.3)

By integrating the left and right side of ~hi~ 1~~1U l t 1 ) f l ,

possible to show that the output voltage into any poin t in in ’ - i~~

- —5- _ . _ . :  ~~~~~~~~~~~~ ~ . - — —
~~~~~ .- ~~~~~~~~~~~~~~~~ —-
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equal

U2 (0= e~~~ Jui (1) e R C  dl. (2.9.4)

For the moment of time t = T << BC it is pcssible to coun s-
T

~~~~~~~ Then the solution is Simpli fied and assumes th~ forz

U3 (T) ~ f  u~ (1) dl. (2.9.5)

From (2.9.5) it follows that with sufficient slow r e sI~o rs..~ (~
the integr ating circuit the output voltage approximat e ly i~~

proportiona l to integr al of input voltage. This de~~e n d p n c~ ’ he “c ~~ t

- -  5- — -  —- - -5- ,- - . - -- - --5—
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precisely,  the more BC in comparison with T. However , increase ~~~C ~n :

an increase in the accuracy in the integration unavoi il~ bly 1~~ -~~d ~~~~ - s

decrease in the value of input voltage. For example , let u~ 
(4.
) l~

constant during the duration of the cell/element of signal. Th— - i .

With T = 10 ms and BC = S s we hav e u~ (T) =

i.e., output voltage is attenuate/weakened as ccmpared wit h in rn ~ 
1s~~~~~ )

times.

Page 119.

Conse quen t ly ,  during the application/use of the integra4~i nq P~~~

network it is ispossible to obtain simultaneously the su ffi ci n ]y

high value of output voltage and a small erro r of inte~ rat ie~.

Som etimes in correlators as the integrating equi pmen t f ~ .~vir rs

are utilized the filters of low frequency. The examinei int~~ r s i ’ - i

BC network is the simplest example of such filters. To t h~ f l~ ~ - - i .~
-. o

low freque nc y as in t e g rat o r s  a re  l a r g e l y  inhe r ent t h e  no t e~ ~hov’-

contradic t  ions.
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The better/best results, than the application/use of t h e

integrat ing circuit , make it possible to obtain the wi3.~ ly u t i l i 7 H

schematics of electronic integrators. The simplest electronic

integrat or is represented in Fig. 2.9.6. Let the casc3~.~ /staq~ w o r k

w i thou t  the c u r r e n t s  of the  f i r s t  g r i d .  Then i t s  gr id  c i r cu i t  c an  h~

considered as the integ:ating circuit , which consists of

resistor/resistance and t h e  i np u t  c apac i t ance  ~~~ ~~iua1  ~o

Cg~ + (Cag + C) (1 + K).

where and are the interelectrod e ca pacitances of t l l f ;

— the factor of amplif ication of cascade/stage.

p
p

Ijiuu,
8xo~

’1
~ 

C

T 
~~~~~

I. 4~~~u,

Pig. 2.9.5.

Key: (1). Input. (2) . Output /yield.

5 - - ---
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Fig. 2.9.6.

Key: (1). Output/yield. Page 120.
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If C> C g~, C., amplification fact-or is tak en the order of .;ev ~~r i 1

dozens, then is input capacitance £~~~ , ~~~KC. Then tb~ vol~ a -~e i i

the circuit of con trol electrode with 7 R ~C,~ t akes a n a l o q ou .’- l v

to (with 2.9.5) the form

1 ~~

Ug (T) 
~ KR ~ Ju j (I) dl. (2.9.6)

g o

Consequentl y, the start of amplifier is equivalent to  an  i nc r ~~acc~

the time constant of the integrating circuit in K once. Pespec~~iv~-~1v

in K once will inc rease accuracy in the integration. The ou ~~p~~~

Voltage, equal to

U2 (7’) = — Ku~ (7’) ~ — .1’ Ui ( I )  dl ,

differs only in terms of sign from output p o t e n t i a l  of t~~e

integrating circuit. 

5- 5~~~*5-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 - ’ 5 -  5 5- - 5 - - - - - - 5 - - 5 -~~~_ -5--
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In t he  rea l schemat i c s  of i n t e g r a t o r s  are u t i l iz e d  no 4 .  or”~, b u d-

several step/stages of amplification , whereupon capacitin /ca~ ac~~ v

C is included from the output/yiel d of the last/latter cascade/’- - - i i~

to the input of the first. In such diagrams is providel the factoL o~

amplification of the order of several hundred s or thousands. T h r ~

diverse variants of the construction of the schematics of e le c t r on i c

integrators are given in [/4~1. Thus , electronic integr~ tor s m , l k , V j~~

possible by sufficient ly simple means to obtain high accuracy jr ~~

integratio n and simultaneou~ ly hig h out cut voltage.

In contemporary correlators are appl ied also the int e- iri~~ir ± 1

the form of band-pa sss filter. Such integrators are util iz~ -~ ~~~~ o

the input of the multi plier of correlator are supplied the v’,l~~~~r~

of different carrier frequencies. In this case the hi n i-p a ss ~ i l~~--

is tuned for different from zero difference frequency . As a n  ? x i .~i t - ~~, :

of this integrator serves tuned amp lifier with the d u c t  of h i ~~

quality in anode circuit (Fig. 2.9.7). To the input of . t m p l i f i & ’r  i r

the course of time from 0 to T enters vcltaqe u 1 (t) c~~r ta i n

differenc e frequency k 1u0 = Ic 1 2w/T p r o p o r t i o n a l  to  t h e  p r o d ur ~ of

tensions x (t) and Duct in anode circuit has q~~ 1ity , V~-~r v

narrow band (order 1/T) with resonance frequency k1w~.

~
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“‘ £1~(t)

— 

~j t., 
~~~~~~~~~~ ~~ J - 

-

- a

Pig. 2.9.7. Page 121.

The output voltage of amplifier is determined by inpu t vDl ta .i - ‘i 1 (~ )
and b y the pulse react ion of plate circuit , which in t h i s  c~~s~ ~~~f r . -~~- 

—

the form

,G (1) = at~ ’~ cos kiwi~f, (2.9.7)

-5-
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where a — certain constant , which depends on the t~actor of

amplification of casca de/stage;

ki ua

20

If t h e  q u a l i t y  of d u c t  is sufficiently hi gh , so t h a t  ~o r  ~~~~~~~

momen ts of time ‘t �. T correctly the inequali ty

at ~

t h a t  pulse reac t ion  (2.9.7) assumes the form

0 (1) ~ a cos k1w01. (2.9.8)

Let the input voltage be harmoni c oscilla t.jon of th-’ ty~~

it~ (I) = A cog k1w0 1. (2.9.9)

Then output voltage for the moments of time 0 < t ..~~ T i s  ‘~~u a l
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u2 (I )  = f t.j (x) 0 ( 1—  x) dx. (2.9.10)

By substituting in this expression of value u 1 (t) and G ( t )  t r o t ”

(2.9.9) and (2.9.8), we will obtain

U2 (/) ~~~~~ cos kj w ot. 
- 
(2.9.11)

Consequently, voltage u 2 ( t )  is th e oscillatory f u n ~~t i e r  ‘n i ’ ’
the linearly growing in time amplitude (Fiq. 2.9. 8) . A t  t h o

torque/moment of the term ination of the cell/elem.~nt ot s i in ~~ T ~~~

o-j t~ ut vol tage is maximal.

-—‘ — —--~~~~~~~~~~ -- -- —-- -.‘——— - -—-~~~~~~~
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Fig. 2.9.8. Page 122.

Its instantaneous value at this moment is F~rop crtiona 1 ~~

short—term mutuall y correlatea function X ot siqnals x (~ ) a r l
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b ut  a m p l i t u d e  ( e n v e l o p e )  is p r o p o r t i o n a l  V1, — envelope s h o r t — t o t - t n

crosscorrelation function of these signals. For broadba nd si~jnaL

input voltage u 1 (t) is the harmon ic oscillaticn of frequency 
~~~

with being slowly changed in time with an amplitude of .k (~~) - i r d

phase 0 (t). It is possible to show that in this case the outp u

voltage also is the oscillatory fu nction with the monotonica lly

growing amplitude (similar to Fig. 2.9.8). A f t e r  comp let ion of i~’~~i~

signal at the moment of time T of oscillation in plate ~ir~~uit

ra pidly they are extinguished by the key/wrench 17, w h i c h  s h u n ~ s

Oscillator circuit is ready for the reception of the fol.lowin-i

cell/element of signal.

The duc t of I-he hi gh quality, equipped wit h e j u i n m e n t  / i  ‘v i c ’—

the instantaneous extinction of natura l oscillations in it , wi~~;

called the name kinematic filter. Such filters find a u~ e in t~~~’

technology of broadband rad io communicatio n. Specifi call y, ~~h ‘y d r c

utilized in a vzim no— correlation system of the type “Ra ke ” (s”

Chapter 3)

Instead of the usual oscillatory circuit s in kinem ati c f~ i~~

frequently -are utilized electromechanical resonators (p I ~~zo~- 1 - -~~” H c

or maqnetostri~ tiv~ ). As equipmc nt/d evi ..-e~. of ext inc ’  i n  r ‘-‘

L _____ 
- - - -
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applied electronic keying circuits. Let us note that such key in - j

circuits are necessar y also in all considered above di agrams ‘~~~~

integrators.

Retarding equipment/devices. The retarding equipm ent / v~ c-’~ ~~~

intended for a formation frcm the output signals x (t) ~‘it hrr z..,, (t .)

of the delayed for a period signals x (t— -r) or 
,

, ( t - - ’-), T~~e r”- i

for this delay appears during processing the mu 1tiple-pron -~cd

received signals x (t) in mutu all y correlated or autocorL’e1 ’~~’op

broa dband systems, during the construct- ion of the m at ch~ 1 vi~~1i

broadband signa ls ~~~~~~~ filters and in a series of oth-~r cas~-~~.

As the retarling equipment/devices can in principl e b~: ‘i:~~~~~~~ I

m ag n et ic tapes , ca t h o d e— r a y  t ubes  w i t h  the  a c c u m u l a t i o n  of ch - i r - i - r ~

(charge—st orage tubes) , of delay line.

The p r e f e r r e d  p ropaqa t  ion as th e  r e t a r d i n g  e q u i p m e n t / . 1 r v ~~- . - -  ~
b roadband  sy s t ems  rece ived  d e l a y  lines. This is oxplain~’d to i - ~~

their design and operatinq advanta ges ove r cther tvno c of t-~ - .

retarding equi pment/device s : com para t iv e simplicity, r~~la~~iv- ’1v s~~i 1 1

overall sizes, the high accuracy ot the installation -
~~~~ t h . -’ ~‘t~. : - - ~
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delay time and the possibility cf its arbitrary adjustment , h i ;~i

electrica l characteristics (for example , a small distortion of o~1~ - 1 . ! I ~

voltage) , etc.

Di s t i n g u i s h  e l e c t r o m a g n e t i c  ( t ype  cf cu t  cable) , u lt r a s o n i c ,

magnetcstrictive and electrical (artificial lines with lum ~~~

parameters L and C) delay lines.

Electromagnetic and electrical delay lines make it p o s s i I — 1~ o

obtain wit h the permissible overall sizes a ccni pa ratively small •~~~ “ I i

time cf the order of ones or at best of s eve ra l  dozen m i c r o s e c o T i d :

Therefore they can be utilized , for example , in the auto corr -~’l,~t i - ~

broadband systems, for which are necessary short delay times , CL

the construction of the broadband signals or a compa rativ e ly . - i m~ ’ 1.

form in mutually correlated communicating systems.

Page 123.

M a g n e t o s t r i c t i ve  d e l a y  11 n~-’s m a k e  it possible to .) h td  ir i i

p r a c t i c e  t h e  d e l a y  t i m e  of t h e  o rder  of s e v e r a l  doze n m i : ro . :- ’ ’ O I H : ;  

---—5- - _ _  - - - —--—- - -5 - - -- - -- - - --——- ~~~~~~ .— —--
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and in this sense do not have spec ial advantages over electrica l

dela y lines.

The ultrasonic lines provide a delay in the order of oro~ ot

milliseconds. Their fundamental advantage ccnsist s of long d - ~ l t v ‘-i ~~~

cf the unit of length , wh ich is explained by comparativel y ~m ,il1

velocity of propagation of ult rasound in cond ucting m -~liurn (15 - e r l U

m/s) [23 ). As conducting medium in these lines are utilized o~~~ or

liquid substances (n e r c u r y ,  m i x t u r e  of w a t e r  w i t h  e t h y l a l ro~t o l )  , on

solids ( m a g n e s i u m  a l l o y s, v i t reosil) . U l t r a sonic l ines  w i t h  i i  ~ui~

conducting medium are comparativel y bulky . Furthermore , in t h ~~m ~~

structurally difficult to obtain the intermed iate s t ep / s ta -r i es  cc

dela y time by means of the setting of supplementary remov al/out]t ”s.

The installation of the latter is necessary during processing

multi ple—pronged signal in mutuall y correlated systems or wit ’ t L . -’

forma tion of the complex matched filters.

From the indicated deficiency/lacks are largely relo-i s~’i ‘-“ s-

lines with solid conducting med iu m. Most freque ntly ar~ ip~~ ~i - -~~ :o 1- ~v

lines in magnesium alloy. They are comparativel y ch~-”ap, simL )l~ i~

prod uction , are miniature/smal l and (10 not reguire s~~’ c i i i  •-~r ii

operating princip le of this lin e consists of th~ t r i l 1 o w ~ n

— 
-—- - -~~~~~~~~~~~~ - - - -~~~~ 
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2.9.9). Conducting solid mediu m can be, for example , bars w i t h

gash/propyls. 3n its end/leads (and also in a ser ies of ~~~~~~~~~~~~

points) are establish/installed the quartz crystal transduc ers o~ t~~c —

electrical oscillations in ultrasonic (input) and ultrasonic ~ n

electrical (output/ yield), which a-There on the surface of b a r .  5-h-

frequency characterist ics of such lines are deteetninc i in esse~ c. 
~
-y

the characteristics of the quartz converters, Which possess

pronounced resonance properties at frequencie s, determined b y th .~

thick ness of quartz plate and whic h are of the crder from scv~ r-t l

hundr eds kilohertz to dozens megahe rtz [23]. Ther.~fore ultr asonic

lines realize usually a signa l delay of high or interm edi ati’

treguency. Such lines have good qualitative indices. They tou nd 1~~. ,

for example , in the broadband communic a ting system of the type ‘
~~~~~

-
~~~

-
~~-

(see §3.5).

-- -5-- - —~~~~~~~~-— - - 5- -
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Fig. 2.9.9.

Key: (1). Input. (2). Output/yield. Page 124.

Summing and subtractors. The problem of the slm min.j a n i

subtractors is formation/education of sum or differenc~ in ~ wo

several input voltage. rn work with broadband signals su c h

L - - - _ _  _ _ _ _ _
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equipment/devices are fulfilled with electron ic or transistor

diagrams. In this case is realized simultaneously the suppl~~m~ r’t~~L y

amplification of input signals according to voltage or power. Si r r~ 
—

the input voltage are summarized with their signs, form ing a] 1c ~~r a i c

sum, there is no fundamental difference between tha t wh i~ h totdl ~ 1i -1

subtractors. Is know n at present the large number o f s c hem a t ic :~ (
~~

•

such equ ipment/devices. Let us giv e some examples.

As adder it is possible to utilize , for example , a d i r- ~c~ 1v

electron tube (transistor) . In this case the summing voltac ’~’s ~rr

supplied to the different electrodes of tube, for example to co~~~:o i

electrode and cathode (Fig. 2 -9.lOa) . The n output voltage is -~q io i  to
u .I! = K (u ~—u s) )~~

~~ere ~ is a factor of amplification of cascade,/staqe, :~~. a n i  ~~~~~, ,

are the voltaqes, supplied on cathode and control electrod~

respectively.

L —5-—-- 5- 5--- --— 
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A defic iency/lack in this d i a g r a m  in t h e  fac t  t ha t  when  u s i n u  1- r i o ’s

the  e n t r y  i m p e d a n c e  of ca thode c i rcu i t  is sma l l  (o rder  1/S , w h ~ - r u  S -

the slope/transconductance of tube) and therefore it m u s t  b~ s u j r 1 i -

from low—resistance source.

An addi tion of input volt age can be realized also with th” ai~

of the circuits of the multi ple operation of a series of amp li t i . us

for common/general/total ancde or cathode loa d (Fig. 2.9.lOh , c).

Advantage of such diagrams in the high value of entry impe danc es ii

the weak coup ling between inpu t circuits.

As summator it is possible to utilize an amplifier wi th i - ’.--r -

negative feedback because of resistor/resista nce R~~ (?i1. .‘.Q .ll) .

The number of cascade/stages of amp lificat ion in diagram mu:~1’ b -~ o d i ,

and their common/general/total amplifi caticn factor by :~f l f ~~1Ci ~~~~t l y  C’-

large (23). Then when selecting R~ R~~. where i = 1, 2, ..., ii ,

the output voltage of dia~i r am is p jual to U - — -~~u,~~, 1.~~~~~., U s w i

it differs only in terms of sign from the sum of input vol t~ ~- .

advanta ge of the liagrams of addition wit h negativ e f e ’ 1h~i~~~, i s  
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compr ised in insensitivity to load changes.

In conclusion it should l-e noted that a select ion of f - h e  4 v~~-~ ‘- f

the schematic of adder is dicta ted in each concre te/sp?cific/ac~~n)

case by the character of the solved problem.

~~~~~~~~~ r~~i -  -

Fig. 2.9.11.

Key:  ( 1 ) .  A m p l i f i e r  stages.

4
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