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I
5. acquisitio n with a b u y  input signa l

For subsequent observation s it is assuied that the

frequenc y—con stant input signa l is supe riaposed by a st ationary ,

white , Gaussian narrow—band noise pro cess n (t),  whose sisple seas F
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vale. n(t )  vanishes and whose unilateral sp.ctral out put density R~
is known. If one addit ionally nannies that the operating node of the

nultiplier is independent of the a.~.gnal—to—noise ratio applied to it

• then, becaus. of the division of the Ranlauf process into two partial

processes (described in *3) . the noise can nake itself apparent in

this process in only two wa ys. Pirat by assus ing that the error

voltage is not only very gen~rally a function of the noise, but a

continuous conponent contained in it specially. Following its

calcu lation Equation (16) could then be sol ved nuserically, or after

• its rearrang.ient ~l..,) dsternined from it. Secon d, there is the

possibility that the continuous co.ponent is independent of the noise

and therewith both are present nest to each other at the out put of

the nulti plier. In addition one considers the noise ter n as being

connected into the circuit as shown in Pig . 7 onl y after co.pl.ted

continuous componen t fomnation . ~kich of the two partial processes in

pri.arily affected by the noise cannot be determined ahea d of til , 50

that bot h possibilities must be ca lcu la ted . Using th. method of

calcu lation of § we shall look at the first possibility. It is

assumed that the noise noticeably affects the size of the continuous

component, so that a noise-dependent continuous com ponent is to be

d.tersin.d below.

5.1. The boise-Dependent Continuous Component

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~ - •~~~~-••- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _
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The equation for the a utonatic control syst.m for the circuit of

the first order thus reads

(23)

where n ’(t) is a noise process resulting from n (t) in a unique manner

and whose static propetti are known to the extent tha t on. knows

them from n ( t ) . S in c e  •ø rspresents a random variable, the

continuous component formation can no longer be undertaken through

the teaporal mean value, but must result, on the basi s of the

stationary nature of ii ’ (t) and therewith of the ergod ic theorem ,

through the ensemble mean value

+—( 2 )

PO~ it. calculat ion we f irst of aU need the probe~ility function

• .t) of the phase error . siase the cbsa~~ of P~~,I) is 4.p.ndent

only on the instantaneous val uss of •~i) ted s’(t) , because n ’(t) is
• a station ary and essentia lly white Otu ssian proc.ss, the process

descr ibed by Eq. (23) describes a Iarkov proc •ss. be can even speak

of a continuous Usr kov—pmoc.ss because th . attainable course of (t)

in the noise-fr.. case as sell as the arrangement of n’ (t) in Eq.

• .- •_ • ,_______ &_ __ ••.___ _•~~~~_ • _~~______ _~ - .-—‘~~~—- ---••---• -•
~
--- - . —

~~~~~~~ -• • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(23) permit the conclusion that the probability of the state of the

system changing noticeably in a very short time interval is very

snail .

A complete probability—theoretical description of such a

memoryless process is obtained by the determination of the

probability density function P (J, t/j .,t.) which is constantly

condi tional for it. From the knowledge of the state #. of the process

at some point in time to the pr obabilit y is to be found that at a

later point in time t it elI be in stat e ~~. The selection of point t0

is ra ndom. One needs only to know how fa r  t is fr o. t 0. For the sake

of sinplicity the state j(t,) ~ can be det ermined from the initial

conditions. It was shown in (3] that the probabilit y density function

of a continuous Aarkov process, by making certain assumptions, can be

determined from a fundanestal partial differential equation. Here we

shall not ask when this is the case, but rather will at tempt to find

it. solution , whereby the assunpt iou .~ 
-i considered as secondary

condi tions for th . solution . Thus in th e following from

(25) !~L!!.., £ % c i r r (A (.) P(. l)l

with P( ~ ,t) ~ 0 for all land t and 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .~~~~~~~~~~~~ . - • • -  • •
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f.r all. t

the density P (j  t) is to be deternined. The 4. r pr e.ent the boundary

va lues of the n—tb moments of the growt h process £0 in th. time At

for At +0. According to [
~ J, for the m we write

(26) ~~~~~~~~~~ P(4 . 4t~.d(4 •);s~~~I

= Iia
4 1 . 04  ,..,41

wh.r.by Nfl is the mathematical expectation of the part icular

expression wh ich is in curly brackets . Since the 4, • vanish for n >

2 for processes like those given by Eq. (23) (vhic~ can easily be

ch ecked) Eq. (25) simplifies to

(27)
• + ~ ~~~~~

- A,(O) P(0, Sfl

This equation str uct ure for density dist r ibution is known ii the

litssstu r. as the Pokk er—PI anck equat ion. For it. solution A~ ~~ a*d

k1 (•) must first be determined. Prom Eq. (23) according to th. rule

of Eq. (26) these values at. calculated as

(28) 4a _ I I~~~~j ià_ 4*,_ .. KuIu .ii .,. 

-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •• ~ •••- ~~~~ ~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• • • . .•- • - __________
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and

I /

(29) j ,..N

In addition to the standardizing condition the boundary conditions

must also be det .rmined for P(~ , t) . Since for the instantaneous

state of the system it makes no difference how ofte n it is inverted

at th is point in tine, it is sufficient to solve equation (27) in the

range —w +w, i.e., Pt , t) is periodic in 2.. It can then be

shown that if P (j, t)  is a solution of Eq. (27) , then it is also

satisfied by P(I~ 
2n.; t). Since with the determination of P (~~ t)

from Eq. (27) one makes a first—order circuit, it is sufficient to

know only the stationary solution, because not only for  Lw. ~ 0 but

also for M. 0 the distribution density function i. independent of

time. If ~~.,< a.,~ the n ~~ need s to change at most by the value 2. in

order to r..c h a stable point 0~, in the sense of

(30)

With a stationary noise process in the middle thi s pr ocess always

. • -• - •-•• .• - - —--.--• --- -—--~-- • - -• ~~~—‘~~~~~~~ 
_,~i_~z~ - •  
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occurs in the same manner. If 4~~ >4 .,.. then • onn certainly run over

many 2.; sinc, it doesn ’t result in acquisition , however, all periods

are of qmal value, i.e. even in this case the distribution of all •
in ~. ~ •~ .v is independent of time. The difference between the

inai,i~~~1 Ii tsibutioa tunctioas dUJ lie only in their synsetry to

— 0 because for L..~ # 0 it must be expected that the probability of

• stopping for all. possible ~ in the vicinity of the particular stable

points is the greatest (5]. indeed for 4.., >4 .i there are no sore

stable points ; nevertheless the obtained diatzilsti on densities are

un ique. For an increasing Lw0 they increasingly approach a sinusoidal

curve.

Wit h
a i

a-.--—

and division by the factor in front of a’e,ae’ the Pokk•r—Planck

equat ion which is to be solved is simplified to

(31)

wit h

44’(32)

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -:~~~ ~~~~~~~~~~~~~~~ . ••- — — -j  ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ••-
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and

(33)

The solution of Eq. (31) can take place in closed for. (then the

numer ically calculated distribution densities as a function of f and

• ~ also show the behavior described above) , ho wever, the selection of

the step width turns out to be quit. critical wit h the large amounts

of the arguments of the exponen tial fun ctions inserted in P (~ ). Since

they must be chasen very small so that high cOipute r costs would

arise (sic], an attempt was lade to construct an approximate solution

of somewhat simpler st r ucture for P (~ ) . Wi th y :cj~ for lost of the

obser ved cases a smaller parameter is present so that it is possible

to solve Eq. (31) with the aid of a calculation of a perturbation

whereby y can serve as a perturbation parameter . From a one—time

integration and transformation for Eq. (31) one obt ains

(34) O~ + P(•) aur y tIn•. ? ( )

If one proceeds with the equation

• v) 
~~ 

~“~‘.‘ ~~~~~
‘

in Eq. (34) then for P~~~,ç) ens obteims the reaction formula

_ _ _  _ _ _ _ _ _ _ _  _ _ _  _ _ _ _  ---~~— . • • •--— •
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Ps — Pii*s ;~~ C -

and with consideration of the first fou r terms, the approximate

solution

~~
(35)

whereby C2 is determined from the standardization condition

+, ‘

I
—N • •~• • . •~

to be

With the densit y distribution for the phase error obtained in

this manner, according to Eq. (2 ~i) the noise—dependent continuous
• component can now be determined. For this a check is first made to

see whether this procedure, which uses the ensemble mean value,

yields usable results in the noise—free case. If in the initial form

of Eq. (31) one sets the noise term equal to zero, then after

integrating it and determining th. constants one finds the

distr ibut ion

(36)

_ _ _ _  rn—- - ~~~~~~~~~~~~~~~~~~~~~ —~~~~~~----—~~ --~~~~~~——- ~~~~~~~~~~ -.-~~~~~~~- _ • ~;a. ~~ -~~~~~~~~ A



• 
‘I’

DOC a 0621 PAGE 10

• The standardized continuous component < sin is calculated with

• Eq. (36) to be

(37) < mn C >kp = Jsi n•P ( C )d • .~~~ (i — j j~~~i)

This d—c voltage curve mirrors the behavior of < lifl •>Rp as a
• function of Lw 0 better than the expression found from Eq. (12)

because it does not show the di scontinuity for y = 1 (see Pig. 3). Wy

th e way , both function cur v es are identical at least for d~~,> 14~~L

Because of this unique result in the case of the noise—free

input signal the noise—dependent cont inuous component is now

calculated. If one substitutes the distribution given by Eq. (35) in

Eq. ( 24) with the limits 0—i, then following determination of the

integration constants one finds

4 (38) 
_ _ _ _ _

2,

< sln#>*, represents the continuous component given by Eq. (37) in

the noi se—free case. This result shows that in the case of a
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worse ning signal—to—noise ratio due to the second sunnand there

results a certain reduction of the continuous component and therewith

a len gthening of the acquisition times. If one considers, however,

that for ( during observation Cf the output limit of the automatic

control in no case do values of £ < I come into question and that

the largest value of y is given with y 1/2 on the basis of the

approximation in §3, then the coso3 Lo, must be drawn that for all

cases of practical interest <~~~C> ~, is essentially independent from

the signal—to—noise ratio (see h g .  6).

~~~ 1 _-_~__-. — .~~ __ - —•—--~ .—,• • - --~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- - •• • - •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~ •~~~

. • . • . 
~i.•~~.•~-•—~•.—•-••-•• ••  . • . - . . .
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Pig. 6. Dependence of the standardized continuous component on the

signa l—to-noi se ratio. • 

- -

• v - —-— -i~~~~~o~-~
~~~~~~ ~~~~~~~~~1~~ 

~~ ~ c~-~- ~a~t’—~— — -~~ 4—
- ó~~ _ _ _ _ _

_ • ‘
~~~~~~~ L .S 

~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •..

Since the dependence calculated here is far from sufficient for

explaining the lengthening of acquisition tines found in the

experiment in the case of decreasing 1. • it must be assumed that the

noise acts primarily on the second part ial process which was

explained in §3. The calculation of this influence will be the task

of the following section.

5.2. The loise—Dependent Acquisition Eq uation

• The fundamental concept of the quasi—stationar y approximation in

§3 consisted of the division of the operating principle of the second

order automatic control system into two activities: continuous

component for mation and the continuous shifting of the VCO—mesn

frequency in the direction of the signa l frequency caused by it.

These partial processes should also determine the acquisition process

in the case of a noisy input signal, whereby they are the n affe cted

—~~~~~---~~~ — - • ~~ -~~~~
•
• - • -•--—• ~~~‘-~‘-—~~~~-- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——~ --•—•—~ . • • — • .•- • • -• •-•—— •.— - —~ —~~•• • .—--—-



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
~~~~~~~~~~~~~~~~~~~~ ~~ - ~~~~~~~~~~~~~~~~~~~~ ~~~ • . ..~~~~~ • ~~~~~~~~~

DOC — 0621 PAGE 13

• by the noise. If one further holds on to the assumption that the

operating mode of the multiplier is independent of the

signal—to—noise ratio then on the basis of 1g. (38) the noise can

make itself apparent only on the second partial process.

For mathematical description of the present noise effect we

shall use the equivalent circuit diagram (Fig. 7).

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~ • ~ ~~ • •~~~~~~~~~~~~~~
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• I ~~~~ 7. Fundamental circuit dia gram of th. modi fied second—or der

ph ase autoastic control aysts . Iii: 1) ~~~a value fornat ion.

—HIEIIJ~ 
-- _ _ _

one imagines the core of the noise as connected to the circuit only

after completed formation of the cont inuous component so that the
instantaneous frequency deviation thus becomes a random variable, as

was the case witb j(t) in Eg. (23). The new and now , noise—dependent ,

acquisition equation thus reads

(39) 4,(~) —  4.,= — x (,-~4~ — “r)

Th is process also represents a continuous ftvkov process to which

once again , making certain assumptions, a Pokker— Planck equat ion can

be assign.d an d whose solution provides the distribution density

function P(hv, t) for the possible fr.qeency de viations.

Since we are once again dealing with a differential equation of

the first order and since the noise process n ’ (t) is to have the same

_______ - ~~.• -~~~~~—.• • • •. —~~~
• • • • - • • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
••~~~~~~~~~~~~~~~

•
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•
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• properties as before, in

(*0) ~~~~~~ ~~~~~~~~~~~~~~~~~

once again all 4~(4~ ) vanish for a ) 2. Its significance is the same

as in Eq. (26) and its calculation yields

(tel) A~(4ip)~~ ,-‘-{iis.—(A.+r. ~~)fr 
—A(4•)

and

(*2)

With these two expressions the partial differential equat ion (*0)

converts into the special for m

(*3)

Defor. the Pokker— Plaa c~ equation can be solved some remarks must be

made on the beginnin g— , boundar y— and standardizing conditions.

The beginning conditions ace initially of interest b.canss siucs

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~
__—. 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~— — • •
~~
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we are talking about the distribution of frequency error we need the

time—dependent solution of Eq. (*31. For the sake of simplicity in

calcu lation we shall not begin the process from a delta distribution

but rather fr om a narrow Ga ussian distr ibution, whereby the static

values are taken from the experiment. Its general for m reads

(4*)

with ~~~ as the mean initial deviation and v~ as the dispersion of

the Lw— values of each 100 measure ment s conducted at the point in tim.

t a o .

Somewha t more difficult is the formulation of the boundary

conditions. On the basis of the definition of the lanlauf duration

the acquisition is considered as ended if the the frequency error

li tt  ~~~~~~~~~~ is resebed. That means that all densities for the

sta~~• 4.< 4uL mast subsequent ly be set equal to zero. thus the

first boundar y condition reads

(4 5)

As lomg as one is at the bsgiasimg of the acquisition procedure the

deman d of Eq. (*5) is not critical since the distrib ution s are still 

:. s JaLts~~~~~~~~a,.—~~~~~ at— ~~~~ fla aS~~ ~~~~~~~~~~ 
• •-~~~~*,~~te -
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re latively narrow and their expected values with respect to dwa are
gait. large. With increasing duration, however, P (La., t not only

spreads, but Lw also drifts in the direction of i~~~ *ereby the

discont inuity conditioned by the cutting off of the values of the

• distr ibut ion density at 4W L beginning from a certain point in time

can lead to considerable errors in the total distribution. So that

thes. errors do not occur a criterion must be det er mined, with which

one decides fro. case to case how long a computational observation of

the Ranlauf process can continue.

• The limitation of the permissible Lw—interva l to greater values

than 1 can take place quite arbitrerily. As a maximum ~~~~~~~~~~~~ could

be ch osen . For saving calculation steps ~~~~~~ is ma4. variab le here
and depending on the initial de viation and the initial dispersion is

• kept as small as possible.

A unique formulation of the standardizing condit ion is not

possibi. on the basis of these statements . flo.s ver , in this cas. that

is not a problem , since Eq. (1131 must be solved numeric ally so that
on. can do without the standar dizing condition.

Using the difference metho d the previous boundar y value problem

converts into an algebraic difference equation with respect to P., .,

of the form

L. .1 . .~~~~~ • . .• • •. • • . . ••• .• • • •• • • • • ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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i i
(*6)

H.~. 1 and h are the step widths in the t— , respectively

Lw—direction; g is the abbreviation g — s.E5/2.

Correspo nding to the exper iment several acquisitions were

calculated in this manner for several signal—to—noise ratios, initial

deviations and 
~~

- and ..,- values. Fig. 8 shows typical results. Some

frequency time distributions are show n for acquisitions with an

initial deviation of Lw 0 98.11.2 cad/s with four differen t

signa l—to—noise ratios and the circuit parameters C •.7•7 and ..

10.2. rad/a. The experimental results were determined fro. the

recording of 100 error voltage distributions Qr~~(g) in each case. In

accordance with §3 a frequency time distribution vas assigned to each

indiv idual fluctuation on the naltipli.r output ; then a mean

distribution was determined from all of them (in each case, the solid

lines).

___________ • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• - .• •

~--  ~~~~~~~
- — - - - •~~~~~ - - - -- - —
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Fig. 8. Experimental ( ) and th.oretical frequency time

distr ibutions of a 98.4—Hz acquisition (—.—.— ,—.) without correction

factor and I-————) with correction factor.

The curves drawn with dash—dot lines represent th. theoretical

results . The expected values were extracted from the calculated

distribution functions and plotted as functions of tim.. It turns out

that its drift reflects the experimentally found behavior relatively

well down to input signal—to—noise ratios of SRW~ ~ 2. 1* addition we

recognize that in the range — ~ S1Y~ 
) 2 the acquisition delay caused

• by no ise is sma ll compared to the noise-free case. It does not exceed

_____________ ••-~~~~ .—~— • - --•~• •••---• •• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~•
•
~ 
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15 0/, in either the experiment or in theory.

If , on the other hand, SAY 1 drops to values of 1 and below it

turns out that the theoretically found effect of the nois, on the

acquisition behavior is not sufficient to explain the experimental

results. The deviation between the frequency time responses rapidly

becomes larger as SRY 1 becomes smaller.

These results which initially are only valid for the represented

90.4—Hz acquisitions with the given parameters can be generalized

even more . Both experimentally and theoretically determined transient

responses for other initial dsviations from the range l AwL <4 E ,<~~~~,

demon strated roughly the sane behavior with respect to the noise

effect, whereby the deviation for smaller Lv. is somewhat less than

for large Lw1.

It thus remains to be explained what causes the in part

considerable acq uisition ties delays in the experiment during

approach of the signal—to-noise ratio to the va lue 1. If on. wants to

hold on to an ideal, i.e., noise—independent , operating mode of the

individual components of the automatic control system then the

described theory can no longer uort. Due to the quasi—stationary

approximation method the acquisition process was split into two

partial processes and in §5.1 aid §5.2 it was assumed tha t the noise

_ _ _ _  - - •
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• only affected one of the partial processes in sack case. Other

possibilities for effect do not exist under these conditions so that

the larger delays with small SRI 1 cannot initially be explained.

5.3 The Corrected Noise—Dependent Acquisition Equation

In the experiment a ring modulator served as a multiplier of the

ph ase automatic control system. From [6]. however , it was shown that

the operating- node of a ring modulator becomes a function of noise

when the SRY~ affecting it approach values of 1 and less. Given a

• bending characteristic for the diodes (amount rectification) and with

the assum ption that the employed noise process is Gaussian the

efficiency of such a circuit was calculated as a fu nction of the

signa l—to—noise ratio and the alternating voltage amplitudes A and 8.

since the measuring installation employed a semiconductor ring

modulator with symmetry resistance s and since the current through the

• diodes in general is determined not by its internal resistance but by

that of the source (6]. the results can be carrie d over to the

acquisition observations. Accordingly, at the •ultiplicatiom output

as an error volt age ~~~~ (t) there results

(47)

where the hig her order terms in sin ~~(t) were disregarded. The

-• -s—-. ~~~~~~~~~~~~ — .-~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
4
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connection between f ~~ and z is given in the aforementi oned work.

fl.re we shall only go into the results of the calculations which were
performed there . For the value interval 0~~ z 2 the function

response results which is shown in Fig. 9.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ • -•-- •~~ -~~•
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Pig. ~~. lespouss of the fuactios t~, (z). 
-

-

— — ~~~~~ 

A -
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p ~  
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— -t 

I~

0 i ~ P P ,p I
~
. 1 Z ~~~~~

According to

(48)

the value z wit h . as effective value of the noise voltage is not

only a function of the signal—to-noise ratio but also depends on the

size ratio of the signal voltages £ and B arriving at the a~~tipli.r.

With a gi ven YCO—voltage , the smaller the signal—to—noise ratio, the

smaller will be value f 11(z) according to Fig. 9. For the continuous

component ~, of the error voltage according to

(49)

• this means that due to the noise—dependent operating mode of the

C-
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multiplier there is a consideraDle reduction of the acquisition speed

in comparison to the results of the previous section (dot—dash curves

in rig. 8).

For quantitative formulation of th is result the correction

factor f11 (z) was built into the partial differential equation (43)

where by instead of K~ the value K 1.f11 (z)f which is dependent on SRI1

appears as the amplitude factor of the d—c component. Corresponding

to the experi mental conditions and voltage relation ships the cases

from 5.2 were recalculated. The thus obtained frequency—time

responses are shown by the middle cur ves in Fig . 8 (dotted lines) . It

is ev ident that the agreement batween the theoretical and

exper imental acquisition times is considerably bett er t han was the

case when the va lues were calculated without the correction factor.

The maximum deviations which occur are now smaller than 20 0/. in aU

of the examined cases. If one notes that even in the noise-free case

there is a certain discrepancy between the two freq uency—tile

respo nses, it turns out that the theoretically formulated effect of

th e SRI 1 on the acquisit~ion process describes the experimentally

P found behavior even with deviations of a ma x imum of only about 15

0/i . Therewith the caus, of the behavior of the experimental lag

process with small SRI1 seems to become explainable . The practician

who wishes to design an automatic control system based on acquisition

times thus acquires the possibility of evalua ti ng the expected 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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acquisition tines not only for signal—to—noise ratios down to val ues

of of SRI , ~~ 2 but also for muc h smaller values.

6. Conclu sions

The results of the preceding observations show that the

quasi-stationary approximation method used here seems suitable for

descr ibing distant acquisition (acquisition from outside of the

pull—in range) of a second—order phase automatic control system bot h

in the case of noisy— and in the case of noise—free input signals. Zn

the noi se—free case we find the same results as are familiar in the

literature. As long as the input signal—to—noise ratio does not

become smaller than 10 the noise seems to have little effect on the

synchronization process. This is a lso confirmed experimentally. A

delay for the acquisition times by about 20 0/. compared to the

noise—free case resulted first for an SRI , value of about 2. Up to

this range of values the accinisition equation with the correcting

term accord ing to ~q. (43) for practical purposes seems to describe

the experimental Ranlaut  process well enough.

Unfortunately the relatively small effect of the noise on

acquisition at even smaller signal—to—nois, ratios could not be

confirmed experimentally since in this range a problem develop ed with

efficiency deterioratio n of the ring modula tor whic h did not meet the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ -~~—-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ — - - - -  • - ~~~~~~
•
~~~~~~~~~~~~~~ - - — - - - - -
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prerequisites for correction—free calculation . The consideration of

this effect in §5.3 could explain the large delays which appeared in

the experiment only within a ~O 0/. error limit .

Nevertheless the results of calculations without a correcting

tern seem plausible even it they couldn’t be confirmed with the

multi plier pa rameters employed her.. If on the multiplier (ring

modulator),  however, one selects a I/A r.tio - so large tha t in -spite

of the small SRI, values the value f11(z~~ 1, then its experimental

confirmation in this range of signal—to—noise ratios should be

possible.

The results obtained in ~5.2 and §5.3 with respect to the effect

of the noise on the acquisition process are not lim ited to just the

transient effect in the middle 0± the pull—in range . The treatment of

acquisitions fro. ot her initial deviations from the range

4”L <4 ,<4., showed roughly the same noise effect . An exception are

the r seit. chick were obtained for the initial deviatons in the

vicinity of the pull—in frequency . On the basis of the approximation

made in § 4 3  (D >)1) somewhat greater differences arise here between

the theoretical and experimental results.

-
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