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Stedy of the density flnstwaticss in ‘slivers® sad'yerss’
and of the offect of ‘Srafiing’ on these flustuations is & very
impertent problen of Semtile techmelogy. Ia 1945 iartindale [15)
fivet introduced the yrobedility ressonisg fa this study, Mut Ms
favestigations ag well as the sudesquint suee Inve bt made &
systematis uae of Jrobalility sethods. Further, the msshanion of
the formtion of ‘drafting waves® [£] hes not besn satiafaotorily
explaised ‘Al the eupirical formls of Covaney ond Pester [3] oan
2ot %o explained Yy $he esrlier thesries of &rufiing. ¥e shall
stely in this vork these jreblems in detall using the theory of
staticmzy stochastis processes sad give & satisfastory explamation
of the ghencamen of ‘drefting wwwves' and of Cavaney snd Jester's
shesrvations.

AfSer prelisissry processing cotton comes Sut in the form
of & leng, reund, repe-iike and mon-tvisted stvend of fitwes, salled
s ‘sliver',. The sliver being very thisck and loceely pecked with
fivres, is guite unsuitabls for weaving. Subsequant procossses aim
st altenmating the thickness snd inersesing the strength of a
sliver. Insyenss is strength is brought sdout by twisting and the



attenwtion in thisknses Wy & prosess sslled ‘drafting'. Drefiing
sonsists essentially in draving asliver ot ene end while kesping
the other mnd relatively fizsd. This is esotnplished in prectice
W fosling a sliver inte the grip of a pir of rollers, salled She
ok rellers, which dsliver it %o another yair, osllsd the front
rollers [aee Pig. ) of chapter II]. The freat rollers rolate with
¢ speed (v,) greater than thet (v,) of the Wack rellers. The
retie ’i/'l is ealled *dyafi' ani the distance betwesn the nips
of the yollers, the rellar-ssitiog. The fioal product of spisming
is salled s yurn. Detailed techabdlegical inforsstion ovncerning
spimning is givem in ehapter II.

Among the propertiss of slivers thet ave faportaant feww the
tectmolagical yoint of view are the mmber of fikres =n(x), sad the
linear dounity ={x) in the cross-section st x (being meessured
fyom & chosen erigin on the sliver sxie) of & sliver.

A conpletely wniforn yern (wniferm in linear demsity or in
the nmumber of filwes), though very destsdble fyem techmological cone
siderations, 12 aever shtained in pewotise. Thus the need arises to
ssagure anl contrel the irvegularity of yars. This oan be fulfilled
mly vhen 1t L known hov the density floctustions in & sliver one
affested by drvafting. The messures of irregulerity that ave
ooumonly used are the coefficient of varistion and the serial cor-
relstion coefficiemt of =(x).



Eartindhle's [13] Sovestigations shov that ssee varistion
is the gualily of & yarm 1s Soevitable and that least weristion oun
be expested vien the arrangement of fitres is ‘complately rendom®.
Such & sliver is knows as 'Sdeal sliver'. Subsequently, several
other workers have osloulstel the serial-correlation coefficient
and the spectvun of @mm-umnmamm
use of prodability nethods sad senstines by involfng
sseusptions. In chapber IIT ws ehall reviev in some detail the
earlier vork on the amalysis of yars irvegularity aad the theory of
stationsry prosesses that are welevant for the pressnt work.

In chapter ¥ we shall consider seme stochastic medelifor sliver
trregularity. u%anam-mmumﬁ
an 1deal sliver saad establish all its kmowa properties in & unified
samner. Se shall alee preve the seatral Jisit preperty of n(x)

and =(x) for an fdeal sliver. In addition to the fdeal siiver
e shall sonsidar ealy Wriefly the Peisson model fer & non-uniforsm
sliver, the Hamnebifiedden nodel and the ‘quesi-ddenl slives'.

In chapter VI we come S0 the theory of drafting of Sdesl
slivers. [n Part I we consider the drafting of 14eal slivers in
"hich all the fibres are of the sane length ve inteeduse the concept
of ‘Adenl Grafiing's We show that the drefting waves ave caused by
the correlations in $he Sramsition times, when
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{1) eseh fitwe afier lenving the deck yellers moves #1ith
the spesd of back yollers matil its speed abruptly
ohanges 10 that of the front rollers and omtisues %o

move Thavenfior with the latier spaed,

anolhot
{2) each £i2ee iafinenses the maticn of, enly threugh its

‘overiny’

sad  (3) the Jeint distrilution of the 'trensition times® of
tve filres Mo & spesifisd form (dsswmption A, of
shapter 7Il. Further, when: the ceprelation coeffisient
of the trenaition times of Swo fitvws depends linearly
on the lag detvesn their times of enlsy inte the
drafiing sone, the expresaion for ‘adied iwregularity’
agress slosely well with the empirieal formsls of
Cuvemay snt Foster [51. Tu part II we gemeraline these
considerationn 10 the ewss shere the filres are wot of
the same lenglh.



411 maturel filres, sxsept silk, sre of short length. The
Mxma&«aﬁ‘mmm~m~
is termed apimming.

(1) Opemtng (snd elesning) of fikres and cowverting them

$ate & sheot forns This sheet is Rmown as the 'lap’.

{81) Cenversion of the Jap fate & thiok yepe like, but
wntnistel structure known Seshaioslly as *sliver’,

(211) Attemmtion or thinming of this sliver in successive
stages wntil 1¢ beoonse thin snough to be uweed as yum.
This precess of attesmtion is salled "Drafting’.
(iv) Teleting the drafted filve sivands 10 tapart the necessary
steength.
A TAfH%h: eperation, knewn as 'Cemding’ way alse be used as an
aid 40 Witer yars quality.
This chepler sime &% Jeoviding & sisplified pisture of the spin-~
ning yresess vith spesial referesse 4o cotten splmming. It gives &
gensral ides sdout the dinensions of varieus sachines and msterisls



and sill belp 1o meking the definitdons of techniosl terms such ae
*Sliver® and ‘Sraft’ move eleavesut. Pimally, it indicates the
mswwsrmaiummm
and aleo to 1% end-uss.

22+ Eidress

mwmmmmhmum Mbres
u»mmuwmnm-a-m
the asturel fitwes 1nte sub-slesess of vagetable fidres, animl fitres
oo But for the present yurposs, filres may Mo elassified into twe
broad groupe; thess with lengthe wpte 24’ snd those, such as weel
and Jute, with Jenger lengthe. Ouly the shovier fibres, which cen be
Mamwmd‘mumﬁmmm

dny given sauple of ootten eontaine filees ve rying in length,
dianster and Jinesr density. The maa-asds filwes, on the other band,
are such nove wnifors in all thess yreperties. Thess are ssmufsctured
aum«mmummumum
These filres, theavefore, osn be comstdered to b sonstant in length.

In Table 1 are listed sese relevant properties of & fev fikres
shioh esn be prosessed on eeltten spimning machinery.

S



TABLE 3

7'&” of fitwes Averege CoVeof Aversge Iinear demsity
sicrens)

Cotten (Indten) %’axﬂ VWS M2 38 w5S
Cotten (Ngypidem) 3" 902" 2240032 324015 5.0 %0 40
Glssoss Rayen ~x}c*nﬁ~ Begli- 108043 42 to 0.4

gible
Teryleme i - Bt e
Rylom e " Ud) .-

Wptesl fraquency distrilutions of lesgthe of Indian and
Egyptisa cettons are shewa in Figure 1.
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To the spimner, filres ave avalilsble in & Mghly compressed
forn. These have s e Jocosed, spened out and sonmerted into o
wifors this sheot suitedls fer further prosessing. Cotton fibres,
cleagliig in adfition %o the speming. The sequense of about four to
for converting thes inte a cempressed shaet is eollectively called
e *Klon-Roon’. Thess machines are of tw0 types. In one, the
covered with spiken. The teawing action losewms sad bresks the
large £ikre nasaes. In s sscond type of wechines, the filwres sre
beaten or thwasheld againet a grid Yy setating aylinders - oalled
henters® -~ garzying blades or covarel with spikes. The 4irs from
tho Jsosened Wnfts of fitwes falle thvough the grid sad is removed.
The boaters sre shout 40* wide, wunge frem 18" 0 3* in dlaneter,
and rotate ot about 400 yopun %0 1000 ropsue The musslvensss of
thers machines and the high speeis of retation syeats forves far
in encens of the strength of the individml fibre. To an engineer,
this Jecks like *weing & sledge hamner 4o kill & mewquite’.

The medern trend in blevegoen meshinen, is tevards the
separeting the 4irt from ¥he fidves.



hes the prelininary clesning snd spening Lo coupleted, the
filees are semverted iate & 0% vide sogwassel shest totvesm 11
ounces sad 16 eunces per rumnuing yard. Uniferm weight of each
successive yard is susured by mesns of centrelled foul and o
zolled Sate & eylinder, tarmed the 'lsp’.

The mechine that cenverts the lap iate & siiver is kaown as the
‘Card® and the process of couversion as *Onpding®. Pigure 2 is s
flagrsamntic representation of & sexd and shows the paseage of fidres

Comn

mAN .
Fuwner | .
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T™he lap fs fed bty mesns of s slesly rotating relier to & set
of three fast moving oylinders, each 40" wide. The firet oylinfer
oovered with prejestions sinilar to the testh of & esrpmater's sav,
fSears the 1ap, thine it down snd feeds 1% %o the next eylinder,
shioh ia densly sovered with wire projections, as shown. Acrees
he top swrface of this eylinder is & series of slowly meving ders,
ealled ‘flate’ (40'* x 2°%), covered with siniler wires. The gap
betseen the oyliniers and flats is adeut 5/1000% te 10/1000°*,
mnm%hmmwmmmmmm
fidre is separated from the otier. The third eylinder is ssaller in
Qismster and retates slovly in oppesite direstifon, dut is ethersise
sinilar to the sesond aylinder. It sellests the fibre Misee and
oaprics Lt o the frout of the sachkine as shows in the figare. The
fires have nov Besn deposited on the surface of the eylinder in the
mnammmmww*m«xumv
10 & oob-wed. mmnwmmmmqmya
oomd and is passed through a funnel to centense it. The cendensed
fitre maes is the sliver, The sliver is about aa imeh in diasster
(moo-conpressel) and 15 one hundreth of the 1ap in weight yer yurd.

It will be moticed that the machine is mot likely te contrel
sseh fivre individuslly and place 1% at & given position in the
sliver. The fikre placing is, thus, haghassrd or yandem. Sesendly
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the tvsnsfer of the filwes from the second to the third aylindeve
bends the fibres. The filwes in the sliver are neither straight nor
paxsliel to the sliver axis. A majority of the fibwres sre hovked
{ = ) st ens or Yoth sxtrenitios. The next series of e
mchines straightens the fidves and aligns them along the sliver
axie.

2.5 Dpaftings

Brafting is the most inpertant, snd perhaps, the lesst waderstood
operation in spianing. The sperstion of attemmating the sliver eo as
umtummyumw.ﬂ&mﬂ
reluotion in density or inerease in length fo termed *Draft’s. If &
sliver dosones four tiame Jonger, or one-fourth in weight per wait
Jength, then & &raft of feur is said to have bees empieyed. Figere 3
illustrates the drafting speration.

O\

BACK ROLLERS

Fo caum-B




mmmmmuammxuuma. B and
Ce Iy muxxwumwumms"hn"m.
The botton rellers 3 and D are fluted metal rollers sad are
driven by gears such thet the surface speed (vz)ﬂ P 1s more than
thst(rl) of 3. The top rollers A and C are eovered with resilient
ummnMMu‘w”ﬂmnéﬂ-
mm-&qmmwmmmuummmlm.m
vhich they derive their wotion Wy frictionsl esntact.

'&td&mhtﬂhﬂ%ﬂ,d“ﬂlﬂ&hbhﬂﬁ
it 1o the freat pair of rellers. [Bote the direstiom of retations
in Figure 3). The freat pesr of rellers revolve faster, and the
-nmmmatmm,mmwsmmnm
given Yy the mitie of the to velsslieties ('t/'l)' This »atic
is known as the dreft between the 4w paire of rellers. The
distance betvesn the front and Meck rellers is kept at & 1ittle more
than the mxizua filre length. he draft Weinsem 430 sonsecutive
m«numwntummwuautmm
the wniferalty of the eut soming sliver. It is found thet drafting
in smnll steps by & series ¢f rollars gives betier yesults. iach
b-fmm.a.mmmmuﬂxumamm
ﬂﬂnhﬂ&t”%m“hm&%aﬂmaﬁ
yara.



hmnmtnummm'mmn-n
(or otght) slivers are placed side by side and fed 1nto the back
rellers. The draf$ in the draw frames alee is 6(er 8). Thus the
Iinear density of the outooming aliver is the some as that of one
of the faconing slivers. The precess of fesding more than eue sliver
odde Yy vide, tecimically kuown as *Doudbling’, results im more wniform
weight per mnit length aleng the length of the sliver.

The naxt three or four prosessss enploy & deudling of tse or
s, tut the draft inerecses o cash of the suscsssive anchines.
;am,mmm.mmuwmmhh
Wwisted to stand the stresses of precessing. This thin tvisted
sliver is known as & *Heve’ or 'Roving’ and these machines as
'Fiy Premss's Frem the peint of view of the yresent work, the Shree
different froms of the fitwre (sliver, roving and yara) may e
treated a» Sdentical.

The precess of drafting, in addition to thimming the sliver
uummammmmmmmm
to the sliver axis. The yeving is then fed to the final meching -
the iing Freme = on shich the yars is ssanfeotuved. Liks the £1y
frms, the rizg franss bave, tve fusetions, drafting and tepffiing.
mmmmammumbfmm&t
in the Toving. The tarus per insh of the yarn vary from 10 0 {0
Sspending upen the thimness of yara.



‘Th-mcl'mm«mm“mmhmm
the *Comnt’. m»mmmt.mmum. Coumt is
Gafined as the mmber of banks () Hesk « 840 yards) per peund. Thus
& yars eomnt of 300 (weitten as 200°) means that 84,000 yards of this
yars vill weigh ene pound. Table 2 gives two typieal sets of
wchines sequences and Jreoess parameiers. These should provide a

Yarn Drefting

eouat Jrecess

B ) I ) | »
DravFyeme I Slivee 60 é 036 il
Draw Prame II Sliver 6&O 6 026 ail

2° MyPrame I Bovisg 50 w1 080 0.9
FliyPseas II Doving 6.2 2 2.50 24
Ring Prese Yorn 120 il 200 2446
Denw Frame 1 Sitver 60 & Gad8  mid
Peaw Frame II Sliver 640 [ G288 wil
Braw Frame III Slitwer 60 é 0.18 nil)

100° 7iy Prawe I Beving 35 afd 083 Oub
Fly Perame IXI Beving S0 2 1.57 1.2
Fly Trase III Soving 60 2 4.70 2.4
Fiy Frane I Rovieg 10 2 16.45 48
Ring Frems Tars 12 2 0000 WL

hmm,ummwmmmwtm
kmown ae W'umwmmmmmumm
than &%, Mite process slininetes the shorter fitwes and Meips in
stightening the fibres and making thea parallel %o the sliver anis.
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2.6. Gemt wariatien

All textile strands = laps, slivers rovings end yarn « are
Jreduced in contingous Jeagth. The aia is alvays 40 sbtain yara as
weifors st possible. Seme mon-wniferwity or irvegulsrity is inevitable
and this s messured iy the ovefficient of varistion (s.ve) of linear
denaity of yars. The Ce¥e is & funotion of the Sest length of the
sliver er yarmj and, in generel, is Jews for largsr test lengthe.
Table 3 shows the extent of veriation shtained for different test
lengths or out lengthe ot various stages of jrocessing.

TADLE 8
Co¥e OF ¥ZIONT PER UNIT LSNOTH

Yariation

iap 1 iach 100 s0 16.0
1 yerd 140 %0 30
" sitver 3 saoh 30 %0 6.0
: 1yexd 15 % 45
Boving 1 inch 10 S0 140
15 yards 2S5 % 50

Iazn 1 1aeh 150 te 250
10 yurds - 25 %0 6.0




Irvegular yaun is chjestionadle an the fellowing grounds.

IS appears wasven (shows thiok amd thin plscea) to the eye, and,
shen voven or knitted, resunite in falwios of patohy appearsnce and
of Jower strength sod durabdility. In dyeing, She thiok and thin
pawtisng of yarn absord different amounts of dye, again vesulting in
patoky falries«

During the speration of winding roviangs and yarng, on the respec~
tive palisges en each sachine, the saterial is sudjected %o tensile
fs Jess than the minimus necessary t0 vith atend at that point, it
weake. The sain Job of the machine operster, then, is %o stop the
break in the saterial sesults 1o & loss in productions Secondly, the
Jover ha Weskage rele, the lover the werk load of the operator so
that nore sachine unite con Yo alloded 40 hine It is esay to see
St groater irregularity vill sesn sere weak places which, io turn,
will osuse were Wesks and result in Jower peodnction per ssn-heur.
In the ultisete amalyais, then, the sost of yurn production s
depenidont en the regularity of the slivers, revings and yarus.

&'




Both fyen the polnt of view of lower sanufacturing costs and
Saproved quality of the endeproduct, memely falrics,it is important
to produoe yurn of high regularity. The stuly of irregularity is,
therefore, of censiderable impartence to the Sechnologist.
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IS is comon sxperience that seme variation ia the linear density
damm#mumm.
The irregularity of & sliver er yarn is nessursd Yy the square
of the eosfficient of veristion in ite linesr desaity. Aleo, bebaviour
of the serial correlation in the linesr density brings out the pattemn
of flustustions of demsity along the leagth of & sliver. These measures
ave very wesful in stelying the effect of drefting, which is & very
inpertent Sechmologioal process, on the irvegularity of the material
drafited.

In his chapber we shall Sescride briefly the features and the
Tesults of the work that 2as been done ia the last tve decades in the
anslysis of yarn irvegularity and the theowy of drafting. Though the
emtrittions of Benush [Jour. Text. Inet. Trampeotion 1951) end
Grishia [Jowr. Toxt. Dust. Tramsastion, 1954] to the theory of dvefting
a¥e impertent they haw not besn considered here as they relate to
aspects other than those tokem up far study fs this thesis.
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let x be the distasce measurcd aleng the length of & sliver
from sous chosen reference section. The following measures of
trregularity of u(x),anxmmvutausHma&.m
Scetion 8t x have heen extemsively used by the earlier workerss

() v e (€)? u(x)

- u - I Fex - 3% (3.2.2)

Xe)m *l
CEFTITNE N f"""‘“’"‘ﬁ G2

{e) :{s}{mmmmmum A
4
" {;%é.t{:}h'?]

- B2 = (3:2.3)
and
@ v (mmmummam;}
B (3:2.4)
- is X
Here & - - uél&)ﬁs

, of vaviation
(cv)® u(x) Mmmmummmd a(x)

lg(‘) ni f l&}ﬁ*
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They have used also another msasure, ealied the 'Pover Spectrum'
g{v) in the analysis of yurn irregularity, and have defined it for
ax) w

X

2| A rfaw#=a  as

f(')':f;o Jax cé

Sintlar neasures have teen used for the anslysis of the irvegue
larity of a(x), the munber of filres in the evoss-section at x. ¥e
mmmuaumdwuummcm
Srregularity.

It bas been pointed out im the last chapter that non-wniforsity
§n the number of fidres 1. & erossegection is an undesirsdle quality
froa the spinning end wesving sapsots. The most wnifors sliver would
bs one which has the ssme mumder of filees in sach of its orves~
sections. Jurther fros a sathenatical stand point, it is the simplest
conceivable structure. The problem, them, is to find out of such &
eonfiguration canm ever be reslised. It is Nertindale [15] who, ia
ms,mm“;mmmummmm
be realised in practice. Fhe chesrved, *Seglesting variations of
fitre thickness, s wniform yarm would have the same susber of fibres



por evoss-pection at all points along it. The construction of such
a sliver (yarn) is merely a qusstion of arrangement of the fibre ends.
To odtain uniformity of thicknees, each time a fidre terainates
another should be introduced to take its place. Ho mechamical contri-
wvance, Sarding, Jombiming, Drawing or Spiuning sachine, pessesses this
faculty snd, therefers, mo other arrangensnt of fibres will give a
wniforn yarn. This mesns that it will require some yevolutionary
change Sn Draving and Spimning methods to do this®. Further he
showed by qualitative argument that the ideal fibre arrengement that
oould be realised in practice is the coapletely rmdon srvengsaents
of fibre ends. That is, if wo have & sliver of length L ocomposed
of B fibres, them in the idesl case, these ¥ filre ends would

¢ unifornly and independently distributed slong the length of the
sliver. ie deduced fron these comsiderations, thas for the ideal
osse GV u(x) =4 where F 1o the average mumber of fibres in o
eross-gection and contended that for sny sctual sliver, the a;ﬁs{x}
would be more than %. fo even showed that, as the munber of
fitwes N and the length L of the sliver tend to iufinity in such
o vay that £ o) v, them the musber of fitres 12 & eross-section
*ould tend t0 & Folssen variate with mean rl (¢ is the mean
fibre length). However, he does mot seen to have reslized the
important connection betwvesn his ideas on the armungesent of filres
in & sliver, and the Folsson process on the resl line. Martindale's



anfunects snabls ous 0 regard & siiver as & countadle collestion
of fibres whese ends are distriduted slong the sliver axis sccording
to seme probadility lawj 9o viewed, Nurtindale's *idesl sliver' is
one for vhich the probability las is the Polssom lav,

3«4 Zroperties of Jesl Slivers. (Contridutions of Spmmeer Smith,
Todd, Cox, Townsed, Sweny Majino and Kadavata).

Naptindale's considerations show that the srrangement of the
fitres in & sliver is randon, and henoe the muaber u{x) of fidres in
the eroosveestion at x(messured from aa arbitrarily ohosen referenve
seotion) is & randen funotion of x=. The question, then, arises as to
shather the rendom function nx) s stationsryj snd 1T 1t is stationsxy,
what the sature of the cowvarismce function will be agd 0 on. Although,
for an ideal sliver, the stationsrity of n(x) seess %0 be an obvious
proparty, this fact has not been veslised Yy the earlier workers. This
is, dhewr perhaye, due ie the faok that they have net locked at these
prodiems fyom the stsnd peiat of steshastie processes for one thing,
and, for suother, e eoneept of an idesl sliver, ani henoe that of
the randon arrengencat of £1bres ia & sliver, }s bess invoked for the
sole jurposc of establishisg that it was Snpossidls to produse s
‘unifers yarn' even wnfer the mest fdeal conditions. "hen =a(x) is
Muam,mmu@mwuummm
mmamwamﬁm},mmwum




of the corzesponding properties for mu(x). Per example, if n(x) is
stetionary, then (3e2.2) and (3.2.5) will be wadiased sstimaters of
the autecovarisncs function and the speotral denasity of n(x)
respectively.

Spencer-Suith ant Tedd [17] first derived the expression for the

Bz +8) ey, alx) sn(s) ¢ o

"here Ve $epenis ealy em € anl O 1s & deturbance funotion whose
w&mmm»&rmdﬂm;ﬂm
ssetion of the aliver incresses. wwmw»mx.
they obtained

r(2) = Corr. [n(x) a(x + ¢))

Cnx
3 I (- ar0) ‘ (3+4.2)

whews P(L) um'mwthm-t { s the filre-length.
mmmumum. fe »111 show in the next
mm&m«mmmsmamsumumum

suffiolent nmwmmfnmw
of alx).
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The use of correlogrems fer measuring yara quality was first
pointed out by Townsed and Coxe [5]e Parther, they [21] bawe snalysed
the variations in the weighta f pleces of length L of & sliver, and
mmmaummmwm v{n)
[(che 3.244] and the serial cerreletion cosffictent #(G) of the

sliver.

L
vwev, (2 -4 a5y us) o] (3-4.2)

Using the foregeing rolationship and the Spencerviimith Todd's
expression for r(f ), Sreny [1] computed V(L) for an Sdeal sliver
snd shoved that V(L) is of theform

V(i) e ¥, [1-. % "”:i'] for & 30 .0z | (3.4.3)

There Q-'mo.z is the length of the loungest fivre in the siiver.
Reoently, Pugiso ant Esdewste [12) (af:. 3.2.3) proved that the
pover spectrun of n(x) for e $4eal sliver is givem Yy

)
,g ™AL
&) « —— / (2 ~eee vl ) (L) (34e4)
|
mmmm«m:&mmwmmm
mmmmmauﬁummgmhmuﬁ-
out these adiitiomal assuaptions sad in & mmified msuer. This will
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p we varn o leleVe |
e seen in chapter V 3 is*

5.5« Some Yers Nodely? |

Bafere procesding with the review of the theories of drafting,
ve shall first ses hov the study of yars models, different from the
$de3) and uniforn ones, is & topio of teohnclegieal importance.

IS bas been stecryed that the @.ﬁ) u(x) {or (c.v;"n(;)} for aay
sctual sliver is much more them the Nartindele's limit :[z »(c.rg'a},
'a' being the lineer Semeity of o fikes and §, the average nubder
of filves per cross-ssction of the sliver, and that this lisdt is never
attained in prestics. This may, will, de dus $o the faot that the
fitres 12 & sliver ave mot all straight and parsllel to the sliver
axis. Steaightening end paralie_lising are known to reduce the
doviation of (C.79 m(s) frem 1%e Sdeal value, bus oven after this
process the sbeerved Covim(x) 1s Migher thanm the ideal limit.

The foregeing omnsiderations hawe led & sunder of workers to
study diffevent armogenests of fidbre ends in & sliver. For exauple,
Stig lefgren [s.fs his dock 'The Pilwogran' Gothesburg, 1950,

Chape IXI ppe 40-42] vonsideria model iu which the musber of fibre-ends
(2eft or right) fa the fnterval (x, 3y) hes & dlstribution +ith sean
Ay asd variance B y and is waeorrelated with the mumber of fibre-
ends in any Saterval disjotnt with (x, my)e Waile this model csm be
mnde,ly & preper oholcs of A and s,umu:vgua@.rf.(x)
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whioh is obsorveld in practics, it hae the disadventage that it can mot
#ive ua sonplete informatics reguridng the distrilutions of the dis~
tanses (measured frem sn arditrarily chossn point e the sliver axis)
of the fitre-ends lying &n an interval, say (s, b). Such information
is very vital for & preper wnderstanding of She effect of & process
1ike drafting or the filre-armagemsat in o sliver. DNesidesz the above,
there are othar models due to Vaoden Abeols [22), Hemoah and Rodden [13].
Vanden Adeele’s ﬂlwhmm as follows: Divide the
total length of yarn into portions of length I eaohe Imagine that
all the fivres In the yarn were first emitted Wy a spioneret’ hawving
» Moles. Consider & particuler hole, say the th asd & porthw, say
jthe of lemgth L and dencte \y Pyge the sum of all the fibwes lenqtt
eaitted by the 1th hole which are fousd in the jth pertion. Then Py
*il]l be & random varisdle. Vanden Abesls considered warious cases in
vhich B, hes forms sinilar %o $hose of the ssalysis of varfance.
Vanden Abesle model hos the sane disadvanteges as that of Stig lefgren.
Nenash snd Eodden‘s model, walike the precgeding twe, gives couplete
{nfornation shant the fidre arrasgement ia their sliver, but their
snalysis of the model £ mot correst 12 all the sssentizlas. This fact
was pointed sut Wy &, Bremy [2], Wt he Mas mot given the correct result.
In chapter V' we shall consider this modsl in greater detail.
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Ve have seen in ctapter I that drafting, in addition to producing
sttenuation in the thickuess of the sliver, straightens out the fidres
aad achioves & greater degree of parslislisstion of fitwes. Uhile
drafting serves thess Secimelegically fmportant purposes, it is known
to *add to the irregularity of the imput sliver’ and aleo produce
*drafiing waves'. iddition to irregularity sesns that(C.iY. a(x)
for s drafted sliver is slvays more then that of the iajut. This
statonsnt must 2ot be cenfused vith the statement that s sliver
is generally ased to cenvey that the irregularity of & drafted
sitver [as messured Wy the (C.3f. n(x) w@.“s:u(x)]umu
ite Sdeal linit then the frregularity of the input sliver is to ite
4deal lait.

Cavanay and Foster [3] stuited the behewiour of added irregu~
larity with diffevent dvafts and relisrssettings. Their data show
that, in general, $he added irvegularity varies linearly with the
draft D for fixed seller-pettings and linesrly with h, the
roller-estiing for fimed D.

The explanation of ‘drafting waves' is due to Foster, (6],

[1] ant (8], His explemation runs somevdiat on the fellewing
liness
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"Puring the reller drafitog of cotton, the relisws osalnot be
sot mush clower thes the length of the longest fitres and cousequently
mnmﬁmmwsmm«hmxmw‘
Ity after Joaving the Mok vollers, the filres always continue to
m»uﬁmmdmmm“rmmm
srippel Wy the front rellers, the unifors sotion is alwmays the same,
ant variations in fibve distritation 1o She snlering sliver ave
mrely repested ia the &rafted sliver, ut are apread gus over
grester lengths in projertion to the draft. Jut sows of the floating
fitves may bo dragged forvard Wy the fidwes slresdy gripped by the
frout relieve and e9 Teach the front rellers essrlier then they deuld
othervine do. This forme & thick plece in the dreafSed sliver and o
thin plage betweon the rollers. ‘hen this thin place dagins to resch
forvazd decresses becsuse there are now fewer fast moving fidres to
dreg them farvard. Cousegusnily, a thick plece ferms hetveen the
rellers, shich, in Sum, reaches the front rolisrs and so the process
repoats iteelf. » any, therefors, expect the drafting to cause a
periodic variation in the thickness of the drafted saterial. This
is ealled the drafting wage'.

Pester's superfusntal resulte [8] show that the *drafting waye®

, naaLeo

Led
is ssnifested Wy the cecillisry charecter of the serisl correlation
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& en ol I
Lt gt ales §?
6 gt -?,f&--.'v' o

ooefficlient which is of the damped hermenio type for cotten slivers.

(Contritutions of Cox snd Poster):

All theariss of drafiing aim at stulying the motion of fitres
betwesn the rollerse Sinoe sonplete experinmtal evidence on the
mmnﬂmnmmxmummmm
mehmymmmun«m
drafted slivers derived from theoxy with thees ebasrved by sxperiment.
MHUMIhMWIIthﬁ.M.MMd
mmm.mmummmnmum
uwwummmnmmmmﬁ

In this theory, Com [4] considers =u(x), e linesr density of
sliver in the sress+section of Xe %0 be su ondinary funotion of x
®ud provesds to smalyse the pettern of drsfting wuves by stulying the
bedaviour of the jowarvapestrun ('spectrun’ ia s tersimelogy).

His theory wests on the felloviag assuapticnss

(x) The langth of the filves in the imput sliver are all supposed
t0 be suall, and megligitle in conpariesn to the distance
betvesn the yollers.




30

(2) The fivre-chords (the lines Jeiuing the left and right
end of fivres) remain washenged® during drafting.

{3} The average jwessure betvems the filres in contsaot at
& given point 1s independent of the thickwess at that point.

(4) The cvefficient of frietion betvesn Wve filres in contect
$8, on the average, projyortiomal e thelir welastive veloeity'.

He obiains on the basis of the adove assuaptions, *@rafting
oguations® and stuiies the "ateady state selutione® of the drafting
equationgl Ie shows $hat in mule drafting*®, the final coefficiemt

?'mnumuummmmammm
wohsnged ia drafting.

** Cptten yarns are agia 3y one or other of $+e sethods which are
gonexally known s» *riag spiosiog® and sule ‘splianting® of vhioh the
Jatter is the clder mathold. The gwmersl festures of the mule are as
folloms.

At ane end 1» & fixed frame ou which are plsoed the bobbing eof
eottan roving resdy for spinming. Alee sttached %0 this frame are
mamsrous groups of thwee palrs of rellers in line and rotating at
progreassively inoreasing speeds Jatas $hey do in the draw fraanes.
uite separate are carsisges wvhich run ou the floor %o and fros the
fixed frame carrylog the Debhina, the langth of travel being about
60 te 66 Sa. On the head of ench sarviage ave sumercus fine spindles.

in spinming, the roving is draws frem the Bobbing to palsd bLetveen
the érafting rollers and thence %0 be wound on the spicdles of the
enrriages This tekes place in thiee stages. Pivetly, the carriage
saves avay fromn the freas drave the roviang with it. The roving
is draftel as it passes Fie the drefting rollers. Jn the naxt opera~
$ion the apindle is further rolated to insert a2ddi 1 twist, such
as is requived to ks the yern strengs 7Then follews the third
operation in which the sarrisge moves back o0 the freame whilet the
spindle again rotates in such & ssnner that the yara just formed i
spund on it vithout further twvist. This sethod of mule spinning is
thas intermittent, and in this 4iffers from ring sploning.




muwm&wﬂ:ﬂummmmum
fitves with sliver thickilees, and on the way the drefting foros is
spplied. In the ease of roller drafting, he shovs that & drafting
mhm&tmmﬁmmmutmnm
Ve appears % grov more premcunced with inoreasing draft. 'Iftho
initial thickeess, fe9sy u(x), 1s *oenpletely randon’ (ascording to
bim, a(x) 1s coapletely randen, wesns that m(x) s mot auto-correlated),
ﬁtM“Mﬁuh“mumﬁom&n‘!ﬁMﬁud
thickness Yy D 67, )/(7,/0), vhare D 1s the drats, 7, the inttial
msan thiockuess and gff) she aversge mormal pressure st s point shere
e sliver thickness Ia £+ The suto-correlation is wnaltered.

wammtssmtm«u;mmm-mmam
theory of drafting of slivers in »hich ihe arranganect of fibres is
randon. xtmmvmmuumrarmmv
aided Wy drafting, o that Coveney sad Foster's experimestal results
(shioh wore discovered only after Cox put forsand his theory) can
not b expluined by this Sheory.

mmxm&mmmmhmmm«
ﬂmmmtmmnmuummmmm
mm::armmm«mruummmwm



10 spyroach the problem in o different way. He bes put forward & theery
in vhich the motion of fibres in the érufting sone is assumed to
satisly ecertain conditions which uitimately lesd to an explamation of
the drafting waves. 7The basie assumpiions of his theory are:
(1) that the inguh sliver is wniform, that is, the number of
fitres in & sress-gection is the same for sll erose-seotions,
and is conposed of filres of the sane length L, vhioch are
straight and garallel to the sliver axis,

(2) that all filwres continue %0 move with the wpeed of the back
rollers, until thelr aidepointe reach a bouodery betwveen the
rollere,; on oresaing vhish the speed of all of them ohanges
1o that of the Sout rollers,
and

(3) that the boundary is mot staticomary, Wut thet its distance
wtion aleng the leugth of the sliver of the fast moving
filtwes.

Froa the first $e0 assunptions he obtaine an equation (ehich
be calls the special eguation of contimuity) Wun;)f& aunber of
fibres held by the froat rollers at tiee 4, »{8) and &(8), the
velocity and the distance of the seving doundary snd =, the musber
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of fidves in & exvesscgection of the ingas sliver. By cheoning &
tht«ﬁcmo{mmqtmmm
and the distrimtion of the fast novisng filres, be odisins another
oguation sommeeting the sdove guantities. ™he mont geners]l fora of
these sguations are ot knows. Iy regurding the metien of the soving
Sunisry %o b ssoillifatory, he stuliss the sharscter of n{t) and
shous hov 10 obtain the *wave-langth' and the asplitude of the
drafiing wave thus sausel. By idemtifying the sguare of the
suplitode of the Srafting veve with the wariation in the thickness
dﬂnwm.umummmﬁmatmmw-
larity Gus o drafting 904k changing draft.
mmthmMmmmumamwnmu
that, in 20 far as the irvegularity properties of slivers and the
mwmmMmm,ithmtmh
mmmumtm«ammmumu
the dmfting sone, tut that 1t will be sufficient $0 sake some
Wwosd assunpticns on the type of moticn of these fihwes which oan
&mmwm‘ Howover, even Voster's approach has its
oo disddvantages. Those ares

() that even in the special ease vhen the fupus siiver i
mmm«amam“mm
theory deemmot load directly to aa expression for the



irzegularity added ty Srefting,

— .
(2) “hat sven when the Saput sliver is a0t waifors, but

;m-u,mmmmmw‘mmm

mmamttmm&nmmﬁfm&

W%W“&MW&-

Consequently, Poster's theory wadese 6 faportent question as
hmﬂhmﬁlmk’n hesxy of drafting for randes
summmwa¢mmmummm«w
Srregularity Jroperties of the drefied sliver without making deteiled
Wm&wmwummm. That 1%

Ue ehall soe in ohaplers V amd VI how & systammtic use of the
m«mmammmsumnmm
Maummwm-mal the earlier sork om the
wvdmmumm;mswm
Mwmmmamm.umw
xperinent .

boven B oo W
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nmmuwmww«am
memmumm

Suppose that & is & real valned parenster (representing tine,
¢ distenos along & flaed divesticn), and that x(t), for each ¢
belanging 40 & sot ¥, is & rendon vertedle (resl or souplex valued)
Gofined oo ourtals probaMltly spese. o ey that x(t) is a
‘stechastic process® or & "wunlen Jrocess’. The renge T of & da
Wually an iafinite sele %o alse say thet x(8) So & dtecvete pare~
nter yregsss vhan T ﬁMMamm
Jeocess when T s sa intervals x(8) s spehen of sonstinmes also
&8 & "menlon fanctiont®s Nore ws shall e couserned with caly son~

A stochastis Jronses can W gageried as & one-parsneter
mamm&unﬁmaumsm
&"’&Tﬂm&ﬁm fumction' or & *realisetion’, Whem the
mnwammmm«wmmm
mumnammummmv



As Noluogereff [95) that & puvdedility scagure eon be uniguely defined

o the Torel sete of $he epese of reslisstions. However, this meamure

besouss sdeguate, yrovidel the funstions aimitted ss slemeads in the

speoe of renlisaticas are yestrdeted in & suitable way as for example,

o fusciions vhich axe eontisucus fn the mesn.
ummmmnﬁam,umi:nmum

loss of generality write Rx(s) = 0 for all $. PFurther, we oousie

Sar enly thess presesses =(t) fer whish 51 x(8)i® (= for a1

$ $a T. Tve vendos warishles X and T (centred at thelr

eens) are regaried as the ssme 47 B 1 X = TI° = 0.

Nov suppose thet x(3) is & stoohastic prosess, snd that the
m& % is (e m). In viev of ihe vestrictions placed on
() [what to, B(8) = O, st = § %) ¢ =] P (4, ) = 5 (O
exists for a1l § aad uwe The fumotien O(8, u! is calied the
se-verisnse Sunsiion of the prosess, we then baw & (8, u) » £ (u, &)
ot bt 8) 20

=(8) Se eald o be ‘contimwous in the mema’® if for every $,
Bia(e) ~x()1® 90 s 4 =>4 A mesesssry ant suffiotent
csndition for x(8) 0 o cemtimucus in the mesm is that the
evuparionce fumstton  $ (8, w) should de contimmcus st every point
of tha Iine § » ue



Amquense of centred yendon wariables e Xy seep X 18 gald
0 ‘eomrengs in the nesn’ 40 an renden verisile m 4f Bix -xfao
a8 Re)w mi x hnﬁﬁ%l&snmm({-ia}'wﬁn
Sequence x .

Consider the fanily L(x) of all the remion verfadles of $he
forn

‘:1 1{&) *» % “‘5} ¥ ses $ Q- l(&} - {m)

whare the o's are cenplex sesstante. iditng to L{x) the linits
nmmammwmm{hm)nwm

extended got I,(s)a Ify mow, we define for sy tve elements of

Ly(x)s the taner protust (, ») Wy

e 8) = 3y 5), e e apase By (=)

mswmuuhmuammmmnm
woosss x(t) [25), [33].

5 -[:(i) =(8) @ty viwre g{t) 1o & non-renies foustion osn
umumwaammumnmw

, »
xull’ui f:m?&i‘ P (ts w) ¢s &
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Gonsider & stoshestie prossss x{8). ={t) 1s sald %0 e
tstationary in the wide sunse’ if

(2) B x() » X (oonstant) for all 4,

(12) oz(s) = W)[x{w) ~WJef (S ~w) forall ¢ md w. The
fumetian § (t-1) i sslled the sutowsovarimes function of the
proeesss 2(3) is eadi 10 be ‘staticasyy in the striet sense’ Af all
the finite dineustonal &istrituticos are imvariant under the Srans~
Istion on the tine axise Unless othervise stated, we shall always
e ‘statisnmy® to stend for ‘staticuszy in $he widey ssuss enly’.

It x(8) s ststionary and reslevalusd, then S{ ;) s an
oven fwmation of S o IS fellews frem & $hevren of Xhintohine [I35]
Shat, if x(t) 3o etationsry sad continueue fu %he nesn, there sxists
& Younded, non-nagstive snd mon~dosresning funetion ¢(v) called
4he *'Tpsotrun® of the Jroseess,; mush that

- 2
$(2)=1 & aate) (.22)

I §(3) ¢ 2s abselutely integradle ever (= =, =) them
the spestrun will de abeslutely continucus. The devivative g(»)
ot cfi)nmzumwmc:ammn In that

o=k £ g3 (4-22)



Altermatively glv) csn Mo ohiained as

, T
- 1A , {2} af :
glw) ei:n ili‘ g*-—l;.. j,g{s)d". asf‘ (4.23)

oumd
when the speetrun fa sheolutely scutinesus, § (S ) een be obdatsed

from (4:2:1) and (4.2.3) =1 ie This apwessh 1s weefsl vhen the
direst osloulation of £(7) e eonplicated.

BMmmﬁMmanﬁtMﬁmt
the aprestanl dwnsity, whioh will be uesd in ehapier VI.

Meoren (4.2. )slugpose that 2(8) [0 ¢4 ¢ ] 1o for ench
soal T & real stationszy process and et t;‘,»{t)-.: for all ¢
ol Te Haz To)w gz(t) soaverges ia the meam % & process =x(t),
then =(8) fs A%00lf statiomary. If further, t2e sevarisnce funotion
Fp (2) o x(v) m«m;muﬁmmm
® T, ond is bounded 23 T ) o then x () hes an sheslutely
sontimons spestrus and its spestral demsity g(v) e given 3y

o) olit 1. Efa,m ¢
Freefi= The stattowarity of x(s) fellows fmmedietely from the
stationarity of ;r(t} and e definiticn of sosvergence in the
PN mﬁ!(z)mmuumammmm
funstion § (3 ) of x(t), aleo vanishes outeide the same fnterval,
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as ' sy '

where Vo(w) *,{1*"‘%‘1]}"1 Jitivig?

= O othereise.
st B hmmt!frﬁ)!(tgkﬁ(*i@m Te Patting
Ky w3 4 jyi gA
=0 4 vl >a
we find that
oYy (w) Y ¢ ()
sl Kl 1» sntegrable over (= =, = ). Purther, . f’,‘.. Ypl¥) = p(¥)
mm,wmwwmmn
Vel ) ¢** ¥ wo got the deutred resuls.
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4-3- Staticanzy progesses: Bivariste Cass
et x=(8) and % y{s) be tvo centimacus paraneter statiomary
procssses, vhave the range of ¢ is Saken, as ugsal, to de the
 emtive veal axis. Ve may that x(t) and yis) are statiomarily
sorrelated if

Vo) snty[= s (6]

I g (s - w) st ;,(w-:) be the coveriance funotion of x(t)
aad y(8) respeetively thedr 1% follows from s theores dus to
Cosmer [26] $hat there exist three functions 6 (%), 6'&) and
éwts)wwmum ¥ such that

Cov [x(8), y(w)] 1o & fumotion

(£) o_(v) ama t’(v) are nom-negative and never
dssrensing,
(1) 6,(v) 15 & complex valued function of bounded
variation satisfyiag the difference in equality
Voo ) i gao (w) ag ()
(vhere 4 ¢ (v) stants for i 4o (s))

- ) gl e f SO g )
f,“") - ‘f“ " (%) “’(’I}

- g () e [T “ o

Tarther shefe §_ (t-W) 1o abeolutely integrable, then (O
is sheslutely smtinusve and its derivative cqtt) is given Yy
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Ist x(3) dea staticoary yrocess of the continaous
=(%) of the provess upte t e n e demoted Yy x.‘(x;a}. Pollowing
Karbmnen [34] snd Bemoer [R), we say that & stationary process
2(s) e deteraintnistis if %{!}C#i}ﬁlﬁ{!&ﬁ;!)%fw
all ¢ snd Ko For such presseses thh randon variable of the pro-
Gess &t Siae § + X omn bo axpressed linssrly is terse of the
snslytis sondttion (Kavhunen [34)) for x(s) to be deterministic
‘e .

[ Loy, |

- 1ed
Yares 0'(w) h%%ﬁnﬂmmmﬂmm
of She spestrun of the prosess. If & statiosary process is not
mmmuuamaumm. The non-detor-
mmz.:,uuuqmmumwmvumm
variats at tise ¢ linesrly in tevms of the process varistes of
eariisr instonts or thedr linit in $he sean. Sach aca-determinien
mummmmnmamm




of Taxbumen [34). qumﬁmmmauam
other types.

& sxtrgme ense of mon-deterainisn Ocouors whem
‘.}a:pz,(us)am e tih} demotes the projection of
x{aed)(h > 0) o Iy (%) s) Whe shove extreme oftustion osn be
stated altermativaly as

h
it Herldiieo

& ®) <=0

~ Tandsa variables. mmat:cfm%mmamh
Fraser's dock [ ).

Sefinision 4,514~ ¥e say that a sequence of rendom varisbles
e see Koo oo ummsucll, u.x')uwm
‘f(x'ax“lo ses ) provided S*¥ )N

sad Robbine). let an m-dependent
sejuence xx;ng sen ‘mmmw 3!1*0.
210 g0% (o for Salizpee. o Parther 1ot the limis

A

‘*-i

, i
B »

Z
Do ed
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" me}
wheve i =2 am{ﬁ’j,ﬁﬁjsm[gﬂj,mm
n
for sll . Them él& is sayaptetieally morasl with sesn O
md varisace nid. I;mm ﬁgxz’ t.‘l‘itnmm’
then the theores 4.51 aimplifies to.

Deoren 4258 If Xy oo X oo 18 & o¥atiosary a-dependent
sequenss of randon warisbles with ﬁlﬁt and Eixl_f’ exiatiig,
then, &z m <) =, the lindting distritution of ;i l‘ is
morwal withk neen n‘;am

s e Ver () ¢ 2 [Cos (Kye X)) & vee @ Gov (5,5 ).

he bMwarists forn of Theorem 4.52 1s

Ihseren 4,33 I¢ (X4 B))s oo (o L) <o. s @ stationany
nedopendent sequense of renion warisdles shich bas

B0 amt 24X 10 et miy

existing a8 = =) m the lizitiag dfstribation of
a
Eng | 2::1")

is morsal with meam © and eovarianes mateix

)
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a»m(ﬁ)ﬁa‘%mtxy :m}

B = Cov (X, r‘né{m (Kys Ty q) ¢ Cov (X, 0 7))

s
ﬁ"‘{xl)taﬁ‘h (tl‘ !w'

Pap ERE S o ’

e R |
‘ -




kmmuﬂnm«rmmWQ
mmmummmm«mmm
tions alx) ant alx) [n(x) snt u(x) dsnote yespestively the

Polssen \ypes (3) *Eammabeliodden’ Yype of sliver and (4) the so-
oalled ‘{masi-ideal® sliver.

As has already besn podated eut, meet of the properties of
MMMMMCDW”WWW&&
Sione. h Shall fires formmlste & mathemstionl medel for the fdesd
mmtmwmmnuammM‘
nmumm;mmmmmmtm« n(x)
aled.

46




47

mwnmamwtaﬂnwm&m
Semaity &lstribution ste., ), whioh are arrenged in some memser
Mhtlamﬂﬁsﬂamxtatatmn#wml
procsesas. Suppose, mee, this slivar is subjected to these
mﬁnﬁomo&:t&an%m%nd&m
cemprising of the game goliestion of fibres. If it turms out that
&amﬂﬂ“kﬁvk&mmmhmwumt
«mmxnmmtmﬁamaamwwp.
In order to ebtain from & given collection of fibres a mon-vunion
Wﬂﬂma‘mﬁmuwhmm"m;
fiwe awetly in its wevious position. This, a8 bas already been
peinted Yy Sartindale [15], is tapcestdie. OConssquently, the
d&mm1mlnmmwmmaamnxw
tion of fidres are rendem in mature. ™t is 0 ssy, sny twe
posaible arrengessuts (hy the sane eet of machinery) of the sane
manmhmm«aaumeam
idemtieal. nmn:msumemmmw
namunm*wammmmmmm.
Under the faflusmse of & given set of machinery, seae of the
m&iﬁﬁmmmmmmmmﬂ. In other
ords, the part played 7 the mechinery, is %o induce & rwebability
dletritution in the eet of all *realisations’.




It is pointed out in (5.2) that & sliver may be looked upon
unmmuu-tnmwsmsmmua.uxm
&Wmmﬁm»nmhm:wm. Sdnoe
mmummwmummm
ﬂu,mum-memna-mmm
licear density, mwmﬁmmwrﬁi
manner in which the filre-ends (eft or right) are distriluted

manner in which

along the sliver axis and zthmM»mmnam
o is.

in 'ideal sliver! is ene for whieh the fibre-arrangement
obys the folloving rules:
(i)muwummsmmanmmmm‘
(u)mnmmmwof.umumnmm
m*l*.mnmummwxnm
4nd linear density. These are independsatly distribu-
$ed in the population of fibres meking the sliver.
(m}m‘mumaasnmtauhm
(g.:)uasmmumu‘mmuum
sean  )(bea) and 1e dlstriduted independently of the
mnmmawumwuuhﬁ.

* I thank Dr. Breny (formerly of the Intdrnational wWool Secret ariat,Lie
ge
3elglun) for acquainting me with his work publisheq io French, on the
a.pﬁ.;::tion of Stochastic Processes to Textiles, He, too, uses a
un approach to the properties of ideal slivers (Th:5.31
methods are different, N N -

Referencess Bull, Soc, Royale Science's Liege (1953) Armelos meos .
YN  donh Bt o el WA
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SRt IS ARN QL 308 yundsasntsl Hendus Fusctions:
Choome & point Gy on the sliver-axis, Jwreﬁﬂ 'x '
b the musber of fidwes with right ends ia (-X, X) fa & single

weslisution of the fdeal sliver. Senbering thees fibwes as

s 2y vsy Bye let s Xop wecy “l ’ ’QQ ’(3: wee Z’x aad

‘l"r «.-l.‘ hmmm«mmtmm
ama.mmmmmmmm«mum.

1;‘@‘ - Qx".
-X o Tx
FIGURE: L

Define ¥,(x), n (x) amd n(x) respectively ur

f,{;}al if the Jth fibre lies fn the eross-section at x

= Oy othersise (5.3)
%
e S |

Sﬁmﬁcmwnmmmu~wﬂinrh.a




gersl, a provadilisiie one, -x(t)ﬂ ‘lx(!} are random functions
of X sad x. If u(x) wd als) are the linesr density and
Busber of fitres yespostively $a the sross-section at Xy then

a{x) » lda ny (x) (5.34)
Xo)w
and,
a(x) = liw  w (x) : (5.38)
o)
of £

iot us mote that whem the rangeA-tmumuuumM

attalned. Ue shall, heveaftor, refar to o{x) sad n{x) as the
Mmtuﬁmd&hﬂim;

() Zreverties of w(sx) ami a(x) for an jdeal sliver:

Frox the definition of an *fdeal sliver', it follows that
'1"3' e ’l‘ ayey for & fized tx,wmwm
distrituted in (= X, X). To oo this, we firgt note that for a
fined 'x"x"‘z* n-:‘x mM&yMiﬁntmmWﬁ
Wated in (= X, X)o Constder mow the Lnterval (= X, x) contained
in (= X, X)» 1ot 4, demots the event that there ave 1 right
ends in (<X, x) snd mmmtthuwm lx right ends
1 (=X X Ten 4 = U 41:“




a1

P(a, .'x) - W"x) '(.'t)

nﬁm'x(l (5.36)

0.- —)- E -» 9 Sy wue
P(a, 'x?"“‘l." 1=0,1,2

mmmmmmmmmwnm
sliver we have.

|
) [ \)"g: 9} o~ Vlmex)

Py ) () - e @ - T

where ’x(‘) aﬁ;xmdmmm«w x,0
and '(l.x)*(aai'? oK

Substituting Shese xpressions in 5.3, ws get

-V : :
[D=s 0 “‘: oy R P CRLS I eV g

whanoe it follows that

Pelx) = LA 1erttng the desired resuls.
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Iheoren (5.3)+
(1) a(X) snl u(x) are stattonsry ant have absolutely
oontinuous spectra. Purther we haw
I g 0 )em &, (v) are the suto-covariance
femction sad the spestral demsity of u(x) ()
ot g (v) vofer to u(x)), then

5l )= . (=1 Dar( )

vhere P( ) 1s the distridutien function of fibre-
langthe and * 4s the maxisma fibre~-length-
(Spmmosr-tatth and Te2a (17))

2
, g - 2 - ,
(11) g (v) - é (Leosew )ar( )

(Pajine snd sadesata (12))
(214) a(x) sa, for each x, & Folssen wariate with mean

{ marttndale (35)
(av) 12 B (1) etends for the 7% o

{* I”&n(:)# ol V(=) e Lalo)
=

(&)
- e
(1) = A ~&,o;:; ¢ e )
¥ TP will aasume in what mm ﬁ 4 is finite.




{v) mm«um Q(tl.i,?ct o(x} and
2(y) [r > x] ts given 3y

4

f(ﬁrtzl - ﬂ{ ‘M—I&nlﬂ) + (e tzul))

b
Ve e ) [ et |
F=

%

Proof:
(i)ﬁilmmnmmmzmwammu« a{x)
mw%mmu»mwmwmm
ﬁmwmmumﬁmmﬁuﬂmm
aliver.

Be have freoa 5.5

= U othervise

¥e shall choose X n%ﬁt,ﬁufmq,:}umn

(~Xy X)o Since X,'s are, for & fized B, ideatieslly, independently
tad wmifernly dietrituted da (=X, X), 18 follows that, for emy §,

| A
B lhy) et e rfas fgagn)ar Base

”{‘3(‘}‘*‘9 ‘3‘3”2 )"31 Q'{h{zfn Is $xgm? g g’}
-F 1 e (5.38)
K (t>0)
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mmmm@u)ummmwumm‘
the definition of =(x) st the fact thes K 15 a Poteson vartate
vith mean 37):,1:1&!!0119';%

En(x) @ VB (

Im

oY
Oov [n(x) u(x ¢ £ )] o v?‘ I‘ (L= 17 ar( )
3

"f‘(j) » BAy,

‘ &(l) é ({=3) oon w7 a¥

buac

(2 - eoe v {) an(().
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(241) et uix) is & Poleson wariste with mesn follows

fron

e ex)e 1 Afu ) -]

. é'& ;" -.g-a""“g?f— #xx

: 4 -)a-
o L T | |
* ® Pely ly By oo

(tv) e agpression for B (L) can mov be shtained wsing
the expression fer "(f)t In fast, we have

a0 e dme (3 Maie] e 2 e
£ ¥
«f}x,—_én.:i:p,m
%x 2

£ (s-X)g()as

iy

Loy

LRI I (L=3)ax(()

, ‘_J,;
N&‘

!L

»l&
T
i’
£
Ces

e
i
E




(v) Lastly, the charaotoristie funstion §(3,, 8,) of n(x)
st ay) [y > ] asy be odtained as fellove. Te do this, »e shall
fivet shocse X 00 large that (=Xe X) sontaing the interpul
(= Loup 7)o Yo then have

k(w’w &}.;], L—-———l n{,(),
=
Pr [¥(x) = 0, w,(y) 3 1)
e (ﬂ-zhar( (;).13

{
*i':**%f ; "L L e ()

= Pr (¥ (‘) =13 ‘:(”‘*ﬂ'
it (%(x) e 01 2,0) = 0]

= [750x) = 0) < 7r [¥y(x) = 0) ¥,(y) =12)
A may

n:----—+-l; / Nwmh
’s B eamp “‘x‘;"’ . 10 3(:)1
' Va Awa
.x--;ﬁ;‘»l- lw'i (=) Jer( ()
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therefors,
o i I = 3
#(t,00,) TR ey = v y(x) + 28, E‘ 0]
%
(sines u(x) e 1.4 I ¥y (x))
Xe)w jul

- It l{!ﬂ (iﬁ*,“) * Sﬁg‘;f’ﬂ} E

Xepm
(sinoe S‘(‘x) md ‘l:(y} are indspendent for Jeob k)
-xi.; - m{ d*t)x(x-*gw{ltf}{:} utz!,{ym}
| R 2w
« W aIGT- S (L G
r=

1., 8, Loy
+[oe ‘oo [L}i[b-whﬂﬂﬂ

.y Lo
e e ) §
Jox

- el Tl P o0y o (oo )

z

1 v may

Vo6 1 ety |
7=



a(x) mé a(x) are contimmcus in the meen mud arve
complesely am-detersinistie.
Fros the fategral fur £.05) 16 15 coen that 1t S0 a

sentinucus funciion of "5 , Hesoe =(x) [as ales au{x)] is contisucss

in the mean. Assuning What & Pemstsure s put on the infinite
dimsnaional spsss of prossss veriates of n{x).mulrhm
vestrietions of F{n(x)] » VE Cant 5 (f)-muzi ((-»a}mr(();
bot 1 (m) ummwumm u(:),mt Iy (mga)
u*emmmmwmm{-(:}ug;g.
Por 8 g = {0y o then m(0) L& etthogonsl (wacorrelated) to every
prosces wariate for which T < -luaj s  ant bense erthogenal to
Iyl )y =g~ What the mora of W prejestion of ={0) en
L‘ha)a T8 59, n(x) 1s sempletely men-disradnistic.

mmsmwmmuamu
w{x) ant u(x) 1 thet they are evelstienary in the semee $hat the
elesed limear manifolds xh(u;)ucng(un} are contimucusly
dsveloping os ‘s’ inoreases starting ixitially with the element serc.
nmm&uummaamﬂmym
MmthtnMRMw&wqu'h”
A6rees the sams sitaation heve aleo. %o shall see in ohapter [5),



mxmmmawmmmmwmw
deterninistio nature of the rendos fumction =n(x) of the imput

sliver.

Thooren 5.3%:  (Central limit preperty for a(x))
Smaider the &k equi-distant eross-ssciions at =, X X TGK g oo
wt x +(nellx, respectively (x> 0)e As k =) =, the limiting
éiatrilation of ﬁ{%iw‘ ) (x, = x ¢(red)x) 1o

woymlatiesily nowmsl with sero mesn and varissee squsl to

z ] i) ar( )

irix,

o
whave [ ] stands for the integrel part of the wamber with ia it.
Purthor, as X =)  the lisiting distritution of

X
fz'x'(z-%-‘é r(z)ix = ) i moras] with seve mesn and variance
(.3 )0

JEeef:  From the form of the charoteristie fumction of a(x)
i u(ry), a» given in Theorem 5.31, 1t is odesr that n(x) and a{y),
are independently distriduted for if iIxwy} > Putting

X’ - !(l') md k' - { -'-'-;.--m} we find that



the sequense xl.x',n T k.-wm;ﬂ
Uy

o (s 1y, = fyfem) = /(Lo mdentl )
]

shere £ () 4o the coveriance function of a(x).
Tharefors, s bave fa view of the theorem 4.52, that the liniting
Sistrivtion of

ﬁ(‘% =V} a8 k =) ® 1s merwsl vith gero »
kalx' , #ero mean

x
(]

and varisnce -Vwﬁozim(x,_,xh,)
‘(VV\GK

k
« T [ (lommani).
ok ivix

For the other part, wve it
‘(‘}‘x (’ﬁhapvﬂt k)

Then, the sequance (ae k-ﬂ:—%t‘.ra, ses  i5 stationary aid
i~depenimnt. Purther, it 1s easy to verify thet



}-}_-(:.ﬂ(x~‘£—“4‘-))mumuuw»m
x

a8 k «) =, Thersfore, frou thesrem 4.52 34 follows that as
R <)@ the Maiting distritution of

k -
/f{% I ¥, = Vlln,) te mmeal with sere sesn and
)
and varisnee egual % """1’*3“(’1‘5"

-hw

Y ﬁr(!l}mﬁr([x a{x)ax)

¢
- f " aadn)  (bessmwe of e stattesnrily
( of uix)
max (w
-/ ] £, (r-x)tnty
0 °
Aoy
et Ly =130 g0
ooy ol Lrpay & Lo X
Cow (s L) wCow[ [ n(xdex, [/ aly)ey )
-X IM—X
‘ZMM( lemak
wtw [/ sixex, [/ 2y ]
[} Conag
Conay 2 Lomoy O
=/ & | flouMye [2p(Hs
L+ iw e ‘ wb o
Therelors Var (itl) * 2 oev (X,6 1'3)

Ay
Ol’ehwx { 5 "('f)‘f

qugc g‘muy —_
.gVK,Wg ‘jé {{Qj’ m‘f)a ‘ﬁzwl’-




S
oo

X —
/& (5 [ e -0l )

o _ s-gebkeyol
R e N P
. [

& T
distrivutions (zs 1¢~)uwm¢mumwwm
The sesond term converges 1ia prodadility te serc. his completes the
proof of the ssseriion.

Spmarkyse Bven shen the seetions Bys Bop cooy 270 mot
ouni-spesed, the limiting dstrituiicn of & E:m')'ﬂ—k
norml provided Ted “%g 2 0 forall 4 and eome D) 0.

Thus can b proved by usiag theorem 4.51. Farther, it is oleur
~ A s xa()fe VL ] gu 40

It o2a b verified in & sintlar suanner that =(x) snd =(y)
are tadependently datribated yx ix =713 (| o Tws, a1l the
4dove resulis haw anslogevs extension %o a{x) alse.



Foater, Gregory and Womnmely, (10} stedied the properties of
slivers in vhioh the mumber of right esl of fidres in (x, x#x) i
7 (x)2x » In this ssotion we shell consider enly briefly the
raddon anslogue of the Pester stal medel edfatned by regarding the

distrivetion of fitew right esds as & gemernlised Foisson lew.
The fermal sspects of the gmerslised Fotaseu law ou the real line
have besn studied Sa detafl W [A4] Copeland and Francie [24] snd
Gac amd Burtwits [%2).

%o say that & sliver is "'sow-mmifors sliver of the Polsson
wwuamun(ﬂﬁm)d(&w.mmmw
sersurable funstion k(x) such that the mumder N(E) of filwe-right
ends in & bounded Jorel sub-set £ of the yesl line is s Folssen
veriate with sean / k(xz)dx and 1f N(E) 1s dfstriuted indepen-
dently of ¥(E,) jm B, is & bousded Berel set disjoist with .

Hove alse ve adept the sane motetion and definitions as given
nmmm Thue if we demote Ky as the integral
It{z)u.ﬁ—ztuqmm L "x are, for s fixed
"x' Sadependently ddotridused in (= X, X}, osch with the probability

et R0
X
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s bhave,

Loie

(1) m(x) =3 [ (xX(wel) « x(x))ar{ ()

loax

(45) Cov (a(x), alz)) = o2 1 D) xplen )

whare K{u) -é k(x)dx (=g

Proofs
I% is elear Yad !‘ is & Polsson variate with senn l‘ nnd

lovore

5 ¥y(x) .-g;- ] [x(me (e mix)r( ()
¢

['h«nx
Vylx) 7,0 = ,: I [x(ee()x(x))ar( () tor xgy
y=

These fasts lead to the desired yesults.
13 For & son-unifers sliver of the Poisson iype,
a(x) =md -(ﬂmut,summm 7or suoh & sliver
n(x) md =a(x) *ill e stetionsry if and enly if the sliver under
sonsideration is ideal.

If all the fitwes have the same leagth, Shen it follows from
Fae and Bwrwits's amelysis (32) that 42e distritutions of the




Pourisr sseffictionts of sx(x) md s:{x) are asymptotioally normal
- ‘x"’""

3.3,

mmm(mhmmammxum
the plasing of f1btres is were restrietel than the arrengesenst i am
ideal aliver. Eremy [2] eutesqgnently pointed out that their defini~
tion wms facouplote snd geve an sltersative forsulstion of the modsi.
Be shoved that even the caloulation of the serfal co-efficiest for
aix) m‘mhshmmammmwn
811 sases. In this esotion, ve shall adept Brewy’s forsulstios of
Bxansh-Rodden model and dertve frem 14,400 oeoond order properties
of u{x) est u(z) for suoh s sliver.

Pollowing Breny we say that & sliver is of the Ssamahe
meu.umuaummwuuaa)ﬂu
felleving also hold good.

bot b and p be any tve positive mmsbders and o & randen
mmm»:mu(e.;). For every walue of u,
ecnsider the partitioning of the resl line inte the invervals
Ja(ﬂibvhﬁﬁb){3'@;11;33.3,#«: 1o e assume

mtmamuatmmmmmmu 13 containg

b

[ g
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exsctly one right esd. If %, 18 the axial-so-ordinats of the right
¢odda Iy, then x, foreseh § and 4, is waiformly distributed
in(av 3pen, ae gy independently of the rest of the x's. We
further assume that the lengths bipd, sve of the filres are
me«mmmu ﬁ.x’(;-e.gx,gk,..d.
Let Q(/‘ be the leagth of the Jih fidwe (iy the Jth fibes
umm«mmmmminnzn 1). Defintng ¥ (:}
1 (5-%) ant a(x) e wix) o im E ,N,nwn
whw'lutm%mlhmwmtuguam

Theoren 5.5.
£ ax) - -é- { ™ 5 w:( L)‘i gﬂmmt)wf

md Cov. [n(z), u(y)) /
b /e "3{1 ) PR IR —"

& Er,(:)&t:(g) for x4y,
o om
shere P(x) w0 for x¢0©
ﬂ{* 'fw 0‘1,“
=1 for 23k

Lo
SRR Y, mh :s: _ Sp(aee | oty) P(avnetgy)]

e o
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fxoef:
Ry divesh eonputation.
This resuit shovs that for a Sammahslodden Wie of sliver,
a(x) is, in gemeral, mon-etationazy. Oonseguently the spestral
Sanlysis and the scmcapt of deterninisn 40 208 have any relevance
in this sase.

In this ssetion wo shall sonsider Wiefly smother sliver
solsl whick is closely veisted %o the 'Sdeal sliver'. The author
otal (21) heve sindied this medel in comnecticn with the study of
the axtent of fiwe disorder in slivere. [0.f. lindsley (14) alee].
Sene: wo 40 not sssune $hat all the filres fn the sliver are struight
and parallsl, Mt having & shepe as shomn helow.

-2,
<
P

\j Ah“" Mih .



SN
o

e eall the portfons PR, @5 end Pg Feapestively by *the
tradling hook*, 'Mﬂ“‘ﬂ’mm*- The heoked
portions, mzmmmzummm«m:nu

() 16, L, 00, o v Tespeotively stand for the leagth,
‘he length of the trailing hook snd the lemgth of the
Mgmaanm.m % ad v vary from fibre
o fibre independently of .

(11) statlarly, the tnolimations 8¢ 6, mi o, respec-

mmuuanmmmm«gm
iadependently of P..t and v,
(244) The linear density *9¢ of & f1wwe is constent aleng
:hlmlukmummwl
(v) A1l the filwe jurameters like R;n,v.uw.,m

mmwwmmunwmm
aleng the sliver axise.



=)
Lo

§ 7 en,  wag RE i
¢ sy 3o ;' P
3 T el Redc

(v) e right enis of the mea-hocked portions are dlstrie
Wted along the sliver axis acoording %o the Poisson
Jaw, vith sn average dsunity of V ends por wmit
length.

Consider, mow, the Snterval (=X, X) ant Jet N, be the
mcmm&«mmmuﬁaﬂmn
(=X, X)e

st 9’:"3"3’_"‘04":: ®d 6, Ve the jaremcters
ead x; e axial ce-oritaate of the right gud of the non-hooked
portien of the Jth fibwe (J = 1y 2y vo- B} and the musbering 1s
ssvitongy) . 2y's axe, them, indepentently and waifernly distributed
in Xy X)}e Forther, Safintog for say x in (= X, X),

‘!“(u) -l &f =z - 4(3“3"“4}“‘ 0.3 $xgx
=0 otheywige.
'34(‘) o} & =, = :“"3"3) oo 3‘33:;
xy = L(1emsr,) coe Ous® Q’nj o @,
- O sthervise.
'33"') “1 of =m by, oo &, gxgx,

=0 othervism.
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lx(x)u ﬁ iawj(x}

e find that the linear demeity =(2) of the sliver in e orvss~
secticn at x, may be represented as:

a(x) 'xx:;‘: ().

Ihsoven 5.6, For s guesieidesl siiver, =(x) has the
following propertiess
(1) =(x) s stattonary wnd completely momedetorntnistic
(11) the spestrun of u(x) 1s sheslutely sontdsuous snd
its spestral deuaity g (v) 1s glvem Wy
D &%

L was.
‘l(') - ;%- gu,vﬁ‘.ol,sa £ er( L)ma(d WeVelys By06.4 it

L
ACLguyws0 00 000 ¥) = b i‘”mu:"}m ‘23
o

. tw(.utxma&)gz}m el en=y) ...gé-

s



/1

and 3“"%.‘1.’2 .Mm-m’mmummm
with respect %o By v, Ga. bl.lal Gz'

EEgefs  Stase we are isterested 1o caleulating m(x) and
m;{:(x),u(xqv?)],uﬂx x md$ (320) and ohocse X n.
hxpthtﬁ-znmx(-x,x)mum(x~tm.,:osﬁﬁm,).
Mtthmhm&f;&t

) (x. )
E [7y(0)] 0,,) = "Lg_ = ey 00 that
B i,(x) _ - E/ﬂ
‘e Eun(xn) - g E

Stme ¥y(x) me 5 (x) are sadepentently dietributed for
J¥k s Eiui:)lk“(:o?}(kak'-Q.hZ)me
Sloue, shov that m(x) is stattomery. 1If £.( ) s the aute-
Sowerimos fumotion of wu{x), thea ?:Oéi;ﬁﬂ: t;??ﬁ?: fmt that

(x) & @Exe5)eo for bed 21, mﬂn
spsotrun of m(x) u;mnwmtm.. The ywoof of the
theores 5.32  leads %0 the completely nen-deterainistic aature of
lfl)ahthhmm.

The direst ealeulation of £ (5) 1s conplicated and oo ve
firet saleulate g (v) from the formla
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o p 2 <A g’ -!{x) o f

£.(5) om then be ohtatned fyen & (=)

s haye

X “fux o8 oV o6 L R
[re .- ,.....A..L’.A..y:ﬁa_n___

- -;t; Z o |amf 3* 3 % e = Sn(xom)a ()] (v)

£Ea%y




6.1.

In this chapter an attempt haz bteem made to descride how
the fitre-arrangement in an 1dsal sliver is iffested Wy drafting,
Nore precisely, it has desm shown that if 8,(8) e the mmmber
of fitres hold by the back rollers & aad u.(3) the musder held
W the fromt rellers at time ¢ then the stationarify of n,(t) and
its other properiies can be derived from the following assusptions.

1) e faput sliver is 1desl snd is cowpoesd of fibres

of the same leugth L.
2) Sach fidre after leaving the back rollers continues
0 move the speed (v,) of the back rellers uatil its
speed abruptly changes to that (va)afth-‘w&
rollers and moves there after with the latter spoed .
3) The transitions times "C, swd 7, of two fibres
one of which leaves the back rollers at tine ‘1
and the other at tz bave an ateolutely ocontinucus
@lstridvuticon and their joint density is given YWy



h(?‘)?L I'l’ ‘g)

S - —_ _
-2(7,) 2(7,) 2 - “f 2 (%)) 3

vhere  £(7,) 1e the demeity { 7 o and 1s in Gepentent of ¢, , and

Wity =) «0 a2 J oy 4y R o MED

71 '7. ®

Av, oosh A v, 7 o
(‘) f(?|)n ——wo“ ‘?I ‘ !-;—;L

*ith 7 =57 and & -ver (7 ).

auwtnmwﬂmmmmum.
mmaumwwmmuwmu&s,
nmmm«mtwmmmumam
of the correlstions, (i %, ~ %,1)s betwsen trensition Sizes and
that the Cavamay-Foster's formula holds shen the drafting ‘asympto~
Hoally 1deal® and $(i8,~4.1) s lnear tn I8 =t
In 6.8 thess oouatderations have been sxtended to the
emmnlthﬂhmam&mﬁmmtotwmm.
xatnomnmmmtmhummmmsumm
muonu-.xmfxbmwawuswumm.
t) and 6, of entxy into the drefting sere but also om their length
Liana £z o+ Tis should depent on &, and t, enly through



§; = &, in order that ll(i) may bs statismary,: It has besn shows
Shat this emmdition 1s setisfisd Y taking the sbowve correlation
cosfficient t0 be & fumcticn of the saxiamn time for which the
fibres are simltsnesusly in $he &rafting sero. lastly, &
eentzalelintt property for [ (8)s u,(t)] to established.

6.2. Inreduetions

In:She last chapter, wo bave stulied some stochastic
models for slivers of shich the idesl sliver iz the simplest structure
fron the mathenstionl standpoint. In this ehapter we shall eonsider,
e offest of roller drafiing on fibre avrsagensnt of the inpat
slivere 7o do this, ve maturally dave 40 make sonme sssuspticas en
e motion of flesting fitves (Shat ia, fitres in the drafting some
whish are not gripped either Yy the front or back rollerss) is
these azsunptions are statessuts adest distridutions of certain
faailies of yundom veriebles, the theory put forvard in this
chapter 1s onlled *A Stochastiis Nedel Por Drafting’. Further we
shall be eonserned in the preseat chapler exelugively with the
drafiiog of *ideal siivers® although these oonsiderations con be
geralised % the other types of slivers as well.



6.3. Hotatjoms:

Lot 3 be the nip of the back rollews sad 7 that of
the front rellevs. Coasider a portion 3P (to the lef$ of the
back rollers, with P arMdtarily chosen) of the sliver Shat is
Sbout to emter the drafting sone 27. (See Figure 6).

g Slvor—> —_—>
II’h%O\:V% .Dﬁak\ed Sy -

l

——e —
r

P Figure 6 F

Let BF ek ()L, the fidre length) and BP e X. "n* s
known as the *roller setting’. Choose B as the origin of measure-
mt«hmmmm-ummumwwm
7B as positive. Time will be neusured from the instent when the
ummmuwtuummwnngm b

Lot N %o the ausber of fitre right ends in 3P and
Xe Xy ...:.‘ (sumbered arbitarily) the axial so-ordimates of
these K. right ends.

Parther, let

¥, Ve the surface spesd of the back roliers

¥, %o the surface speed of the frons rellers



. (‘\\

t;n-—;;-& e the time thet the Jh fibre 1o released

fren the Mok rollers.
ity
5(i}§=wmummwmunxuaut
tiae ¢
-‘(t):mmwnmuuwmrmtnxmu
tine 4
Fo(3) and g (v) ve respsctively the sute-covarience
funotion and the spestral demeity of = (s)

!1(.?) aad ‘1(') respectively de the aute-covartance
fumction and the speotral dsmaity of nl(g).

6o4.

aimmuwimmhw,ufnmw% lx is
smmu-m-u *0!1‘! and '1’ e ve -%. for a
b 4

(' 1*"&")-
Parther , _
i |
a(s) = 1.3;-_ Ex . (t) (6.42)
were ¥ .(¢) e lutj-“-gtgta

- 0 otharvige.



The provess = (¢) [0 € ¢ ¢ =] is merely amother way of
representing the provess » (x) [x being messured from 3 along
the sliver axis]. The sumber of fibres in the oroes-ssetion at x
of the impus, = (8} md a(x) are related ¥y

" = (%)

8,(8) is sinilarly relstel 10 She mumber of fidres in & eress-
section of the drafted sliver. Them, the problem of drefting
theory 1s to prediot the jroperties of u,(t). Since we hawe
assumed the fuput to be ideal, it follows from Theorem 1 Shat

n.(t) is sﬁm e
Ase P(T)eV(evyiz)) ar 1Tig A

1

O
@ o T (1« oee )
‘°‘l' - "z - 008 " .

In oxrder to compare thase properties of l.(s} with
those of ﬁ(t).mmmhmuutpknmt&s
a,(8) will indesd be etatienary.

Eolioving Poster (6) we shall assuse that s fibre sfter




speed. This sssumption is basis to what is called a'two velooity
model’ of drafting and we shall edhere to 1% W¥hroughout the presest
ckapter.

The time at vhich a filve changes its spesd from v, o
v, varies froa fibre to fitre and is & randos varisble, since the
arvangemsnt of fibtres in e input is random. Supposs now & fibre
leaves the back rollers at tise ¢ md after lesving trawels for
a time ?(z)[ﬁgmmmmm]nuaw v
before it sttaine the spesd v,. Them [7(8)s O g4 < =] 1aa
stochastic precess. From the piysicsl considerations we saticipate
that unless 7 (s) 1is etaticoary (strist sense) a,(t) will mot,
iz gemersl, de stationarye. As ve are mainly interested in the
second order properties of nl(t),nmmmimu'-
tritution of 7 (%) shall be indepemdent of ¢ and that the dis-
tridtution of 7(t) and D (V) shall dependc en ¢ and ' only
through | ¢ - ' |o Defere precesiing to mske further assumpticns
en the jeint distritution of 7/ (3) amd 77 (t*) we shall firet
obtain an expression for the speciral demsity of tl(t) [assuning
that al(t) has an absolutely continucus speetrus) and study what
we shall call *Ideal Drafting'.
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A
2%
el

) "R : of =, (s)

let x,(t)ummuum t of the front end
of the Jth filvs from B. Demote ?(ss)“-x.z....lx} ~2J-
Defining

Ny =3 1 ag xS gheol
- O osthervise

»
wd m(re)e ’i %,

*e find that

$) = 1d T $)e
n(¢) gl n (2 4)

ttho&mﬁat&n:ﬁﬂhmﬁ”hmh&s
direction BF with the spesd v, Hilla tee (tj-i»'Pd-)ia
alajesd when its speed slwwptly shamges fres. y % v.
Tharelifser, it noves with the speed v, &ad does mot retard or

ascelerate in ite motion. Hense l:(t)-xjovxt A t_(t‘o“g

-z e '1('3 *% R va(t - ‘5 '-3')

it & t‘ *“?d-

Pov !‘u(t}-l holds only if t;t,t“?&' sinoe all fidres attain
the apeed ¥y before reaching the freat rellers. Therefors the
svent W), (8) = 1 1s equivelent to the event hgx(t)gnel
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wi b2 4 .

that is, sguivalent to

Bk aeey-0-ny £ G
(R te

PR IC O LRE - PEPOIS TE L ovr]

(Awexp (= 3%y}
- = b ""[—‘%'i”:""‘n& o Bk,

Sow we know that ﬁ(:), tuwmwnt lx(t))unh
conputid from the formula |

y ivs . |2
g™ = %:l‘;g::gal(’!.t)u a |

T =d>m»
T+h
- %z’-—/-é_—;{ -l(r.t)i“"ul‘

Ta)e

| (ecoe Tt
g 5o I ap M.
e T e L -

{m, = Y (-1)(y; =7 )3 ]

5)
d 22 {\) vy e \)»v: . T R(w) ’% (6.52)

=) -
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Ty (w) = ag Eempe T [(; =~ 4) & ()(7 -7, ))

and Re stands for ‘real Jart of! stedebeda provided n, (T,t)
satisfies the conditions stated in Theorsa 4.2 of chapter iv.
mw.amnmm«mmmnm
(6.52) to esloulate ﬁ(u).

%o sball mow define *Ldeal drafting® and use (6.52) to odtain
& eritéricn for fdeal drafting.duppose, now, that esch fibre attaing
the speed Y saly after resching the frout rollers. In this case
“zé‘lf;ﬁ with probability sue for each §

o e !(r) - uzup.u(tj«»tk)

RP_BY,

R /
. 3 - T !',(u) ¢ and ‘l(') i (1 - cos '1’)

Comparison of ﬁ(t)tl.th 8,(v) shows that the form of the speotral
dencity; is preservel Wet the paremeter L 1is changed to ¥ .
Parther, gl(t)mummwmummm Enl(t) -\-)%.
Consequently vhen drafsing ensuves that “?au%% with probability
one, the sesn smd the varisnce in the susber of fibres in & cross-
section of the eutput are defleted iy the factor & and the fors

of the auto cowarisnce functicn of n‘(s)uwmx

drafting. From thess considerations we obdtain the followings



Definition 1. ¥e say that drafting is *Sdeal’ when
1) Bay(s) ok

and (21) sx(t) has an abeslutely continwens spectrum and
4ts speetral densily gl(r) is given W

& (v) = 13(1-”' %a;).

It con be demonstrated [ ils ; that She relation z.‘m—%ﬂ
holds good if the distribdution of ") (8) 4is iadependent of .
[of. M™eoren 6.41]. Consequently the sondition for fdeal drafting
fs that nl(t) must baw an absolutely contisuous speetrum and

it TR (w) = 0 {6.53)
Te)w

IS is, of course, implicit in this eriterion that befors applying
KL

it, wo must jasure that drafting in the first place is *stationary’.

That is, it is such that -l(t) will be statiovary.

% eXhk foranl 5 wieh it proveMuy
1

is 20t the only situation in which drafting is idesl. Consider, for
exsmple, the eituation in shich eash fibre moves in the drefting sone
independently of the rest of the fibrwe we that "ZJ- are nov inde-

pondently and idéantically distributed reandon wariables. Further

4s distributed independently of t’.
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o Tyle) = womp (8- {30040 « (Y7

B=1)7,
c‘tc«érlim ‘Mg)& F

vy - “Aw (9-1) 7, r
4 Forrie A

mmwnm«’?j does not depend en 7, it follows from

the foregoing expwession for tr(v) that 18 2;!!(')-3.
Tedm

In this case, it i sasily verified that the spsetrum of lx(t)h
abeolntely contimscus. Thus, this stse alse corresponds to idesl
drafiing.

Ia vhat follows, we sball denote Wy ;u(c)wmm
for ‘1(') in the onge of 1deal drafting

~ W,
That 1e, g, (%) .:-l (1 - cos 5:;) | (6.54)

From the fereguing oonsiderations 1§ is elear that when
drafting is tdeal £,(2), the sute cevarissce of u,(8) has the
sems form as that of n (4) shoving that drefiing waves are not
grodusel. Purther, the inereass in irregularity due to fdeal
&rafting &oes 20t explain Coveney and Foster's (3) cbeervations. In
other wvords, we should leck for & suiteble hypothesis su the distri-
Wtions of 7, which weuld lesd 10 & satisfastory explanstion of the

drafting waws and Cavenay and Foster's ebeervations.
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Be baw seen that o0 long ss eseh filee attains the
higher speed v, independently of the yest of the fitres, we cannot
Maummm«mﬁgmmmm
$on of dreftiog wuves. Thus, tho probles ia %o formalate the
inter-dependence of 7’2 in a suitable way. To 4o this, ve firet
assuns the distritution of 7(s) 4&s independent of & and is
shaslstely emtimuous. If £( 7 ) te the prodedility deasity of

2($)e them 1t 1s clear that £( 7 ) weniehes outside the interval
°ogv g ’;'f .

Gonsider now tm0 fibres oue of which lsaves the daock rollers
ot time ¢ and the other at time 9 If & snd @ are such
htﬂmdﬁﬁ“ﬂlm&hmhfmtmmm
mmhM&m%M;twc.M

lt=s1i) !?‘ * #MMWMM&&.MM;
i )}

Thet ia, if
n-.:;ﬁ i e e 2(¢) smt 7(s) will be indepen-

mmmm. I (2,7 ; $ 8) is the Joint density of
T(s) amt U(s), them N(2, 7 ¢, 8) w {7 ) £(%,) a2

tt-ci),%i‘ ;-:5. Under soms fairly gemeral condition 5.
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8(2,2,; ts ) eam %o yut in the form

27,5 4 )
- -
=) 2Tt e, (nen ()

where P (7) [m =0 1y 2, oo. ] are erthopermsl polymontals with
Peapect to the demeity fumetion £{7 ). Here we shall consider
- only the first teo terns of the expsnsion. Thet is, we shall

assune that

8(1v-a1) — —
B(U,2, 8e8) = £(2, (Y, ) zx G ( 2-2 )(%-% )}
vhere 9(it=al) =0 4f I8 -sf ) 53?¢;:—5 at & are

respectively the mesn and the varissoe of  7(s).

Fron the above expression for N(%7),2.; %, 8) 18 follows that
%(it = i) 1s the cowrelation cosfficient of (%) and V(s). If
e vish %0 take fate consideration the higher degree terms fn 7, and 7,
then we must have conplete infermation regaviing all the higher order
monents of the distridution of () md (s). ¥e will presently
show that for the parposes already cutlimed it will be sufficient
to consider only the firet twe terms.

To ehoose & suitable form for £(" ), consider the following
exauple. Comsider teo fitres OA add AB. (ses figure 7), each
other. 1ot us supposs that ‘1‘1 moves unifornly in the direction



OA with & cenetant apeed v, ooy and that it exerts on OA a

forward foros proportiomal %o ite overlap with Oh.

Ay A B
Fiaure 7

oT

If GA were %0 wove only under the isafluence of A.lsl then it
is esay %0 ses that the overlap £(8), at tine & will be of the
forn A ¢ ¢ 33™. 4 siniler result oun be obtained vhem 02 is
subjected te the influesce of several fibres simmltansously, seme of
vhich agselerate the motion of OA emd the rest reterd its motion
vithout sny fibre of efther grewp (1.0., one moving with the spesd
vxcrr2§ changing its omn courss of moticn. In such & case, we
congider the tetal ‘effective overlap', defined ag, the gum total of
overlaps with the fast moving fibres mimys the sus total of overlaps
with the slew moving fibres instend of a single overiap, and find
that the total effective overlsp is still of the form 4 o°° o+ 3 %
Ascordingly, if assuning that the prodebility ef s fitre
attaining the apoed v, in (24,74 37 ) 48 propowitonal to the
total offective everiap, is in effect equivalent %o taking f£(7 )
tobe of the form 4" e B e " . In what follows, we shall
apsune t(”&)-imaivfz » Tor the sake of simplicity.

Uning the fact that £( 7 ) is & density funotion, we find $hat
Aw, oosh Av,]
£(2 ) o —temeh unx%:

M'I'L%'L »




88

I8 i2 clear from the adove expression for £(7 ) that
W Aeo)em, 7(8) comverges in provadility to i‘;:; that is,
when X «) w, drafting vill be fdesl.
hwmmﬁ.fm%ﬁm&h
the followiag tve assumptions en the distridutions of QJ.; {‘z;- ’2(!’}]

Atmlvﬂé
a2y ) - -%au.-}"" 0,(“2(,‘;5;:

Ayt The Jodot deneity h('*z(,'.‘zkjt » \) of 2; amd’7,
mm S, sk & isgiven y

B Zj 0% [8g0%) = 207, ) 2,) ox
9§ s~ 1)
(2« -_‘._.gﬁs._ (%-2) (%))

“here (1%, 4.1) =0 1r TR DY 55-;: 4.;:,- ot wo bk,

zonpequenses of th SEEAp S ONS ‘1 and Az
Theoren (6.61):
ﬂmmmmnrummmerrnma
egual length L and Aif the assumption Ra olds, then we have:
(1) 8, (8) 1o etaticonry, eompletely aon~deterministic and
i%s spestrun is ahsolutely continucus*
L pu+t)

(1) £)(%) = gy (@) [ 22 Vw0, () /™" 9(x) oos wx ax)

‘hhﬁt&l&m,mwoofmm $ of the process
®,(8) w111 be restrioted enly to the {ntervsl

A L-Mhﬂt&mmmﬁﬂcﬂmm
"2 v, *v.)D
b § b |
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»

Lw
2% 2-m) fu{De1)7

Exeef:

Sinoe a,(8) - ;‘.:;-’ ﬁ.! 9yy(®

e haw, !5(t)§’§ E.x?!

=2 [ A2 <o) > et em)

-Pr F{;_: )g 2 & Ty (i,-tj)J

telg. 3() 20 for ¢ ¢B. s, all that the avove

1 1
mmnmt-maummnmmmn
wa&.mmm}
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Setting t;-t-;i-’; Q + da)

< dnlp=1)
and t:-tl - and using the above we get when t;';t.

1
% Y
™, - {{ ;{s’)«, . {’ p(s’)até + £;’ ,(il)tt‘
o Dt -4,) %'
" {;["’ Tyt Wy e {. o,
e 8 -t
«f/ - ) ] ‘tj
(S
"Co't" | Erl:(‘,'
el | idpee [ Hie
(o) )

I N t;'-t;-sx-t'.-&-

!‘19
Hemow xn‘(t) - %h .
From the relation that
(% 0% [og0 ) = 002 ) £(7, ) +

(6.62)

It E-E‘J}-)-'-:("zd ) 207, ) (%) ()

£% can be Jroved in » siadlar wmy that 3‘33(0) 'k(t) {3 4]
depends only on it = £*] and that zij(t)tk(t)bmca
funotion of |t - ¢t*|. Thus "1{") is stationary.

Since E¥, (8) W) @0 47 It a0) >k

B ﬁ,(t) n(s) -k !j(t) B ¥ (s)
1r ey BN R
| 2

vll
[
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18 follews thet the oe-varismow funotion of m,(7,t) venishes for
t‘gtgm.{-f?%* -é;i-]mm T. Therefore , the
speotrun of n‘(t} ummm ll(t)hnmh
couplstely mon~dsterninistic. Sinee the direct cosputation of
£;(2) 1» conplicated and since the conditions stated in
oren (4.2) are satisfied we shall first compute & (v) from
(6.5:2) ant ebtatn #.( ) frem it.

Bov from (6.53) we how

6(w) =g v) (20 v . It T Ry(w))
) =

where !*(!) » Re. £ exp. ? [D(t’-lk) . fN)('?d'"?k )]

2&%- ?f-é’; , ;
tu(s
o’e ’,{’) = fe. "x?' S S '1{'}'&")’ :.*h ”"‘R
-
-
" “
vhere
k18
1 R wfw(D=1) (2.7 )
lgten) = § go MY, St [——5—e, 4,
y o
1 ~Aw(D=1)7, |
- | S w{""‘s—-'ik(“g)"z&-r
i oo




= 6y(m) + 2(it,4,1)0,(v), way.

.M
e *(,) - Gy(w) 1.1:..:__...‘2 V

e e
tu(s -t,)
(%) SS s~ 1) at
e '!t‘-tkli"&“ (e dy S i
e, (w)
-2zl |
- i
6, () M ("’) |
02-2-5—- J (Tex) cos 9(x) ovs ux éx
0

¥ )
g g () -gu(r) {148\)71 G, (w S 9(x) cos wx &x
o

This expression shows that the evaluation of £,(3) ta quite
complicated. However, if we use the assuspticn A, ®lso, then
1% 1s posetble to cbtain an sapyptotie expression for §, (=)
which will lead to = sinple explanation of drafting weves. This
is the content of Theorem 6.63, Theores 6.62 gives the relation-
ship betvesn n (t) amd a (s).

Theorsm §.62¢ The processes a () aad u, (8) are statio-
narily correlated and if

Foy (3) = oowe [ (s), n(t+%))
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the
Pa{Z) = 0 12 3g 0
.‘011[ g ’(ch)“ -

s
S - bl K
$% w " v

ok g ’(ﬁ)“_])§>o

ey
i |

where F(x) is the distribution fusstion of (A

Presfs  Fyon the ressems podated out in the groof for
the staticaarily of a,(t) [of. Theorem 6.61], we ¥ill restriot
our considerations o the interval t},-g-o*k-w

Qﬁ“(ﬂ] - ;':?
and £ ¥, (8) - ;;%f‘

Purther, if Job Xk, s (s) ame “1x(t +3 ) ave sadependent.

S Bu ) (s e3) e ';:% .

1
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If Sk we have
£ *,j(t) ’u(i *+S)e0 3 g0

.h{"‘t""%‘%rt’j-‘:}" "‘ZJ

£ﬁ.{,,;.,s.$g 5 % T30

S o A
vlﬁ ;("_&3}
- % S é’f"'"'i":lf"1 -'I'HI}“
WAL
RS iy

Thowgve, .°, cave | B8 a8+ 3 )] e g (7)

| o x
.’:‘”n { ﬁx '.3(‘)'51‘““ ’3 )}

A ) § »'
n{:-»-—‘#
S i NI J
S s
MWM“M.R&M&“M&(}’)
a2 $,(2) wo can obtatn £(7) and 9(<) - £(7) and $(3) together




mu-mmwwmmumnmum
Mmmmmzmunawmntmtm
during drafting. ¥ shall wow edtuin an sgymptotic expression
for £.(¢)

Theorem §,63: It 4, A, hold, and 1f drafting
hwnyﬁtﬂ‘)%th&u A i large, ¥e have

> (pap)?
ALG) o Bugls) o ’,[25(93-9(9*;?-,-}4%-;?;)1

whare ﬁu(g)ni f‘m-'; g“(t)h

o [Bevist) 22 154 ¢ ;i';

* §  ethersise.
Proets
. 9 £ind shat

i.a fa.u.n__;
- d .3;? {;.W.

-t A ln
“ AbLs ninhl&ti

Bemce Av,7 0, 1 end lv:(u-"z)-)l as Aedes,
Se shall nov shov thad

Lt x‘a 1 i(.) M

Aw)e ’3 i




o )
1 (-7 ‘
w dw -~ e dvre,

o

RILCCRTE IRt STy

Aw, oosh va,

8tnce £{ ) = Mk A iw

" then haw

L wiM e L B0 bt
Aeo)w A oy = G.;(- - t"y‘)(hftt}

=160 =) - A

{mmmmmmummw}

T e A
. - P
. ‘3' A #iﬁz(') ‘-L%—‘-l-,

This mesns that when A 1e lurge, wve may replace az(:}wan
slon for ci(l} sttadned in Theores 6.61.
We got

lnfv,

&) (%) = g (v) { 120y i-:-‘?i-:— j #(x) ovs wx.ix

‘—ot{&-‘u$) 2? (EIJ i(l-ﬂ-

- i o’
lnfvy
J ¥(x) mmﬂaﬁ

46
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&

Bvaluating {.mt}'ﬁ(t)h ue got the derived result.

and

B AL
- It g

6.7+ Bxplems

From Theoren 643 1% is slear that the bebaviour of

’1(5) mW-ﬂ,nﬁnwﬁumuuMam)
of the trameition tines. I stt)hemsmuqmm,
a-pl(g)mnnumm. Mt v Maw seen that the
mmummu-mwm
tion and s never megative.

hmmqmmnkmhaub&uht
&q;amummwummmmaum
oertain values of S o Suppoes thet 9(x) dseresses linesrly to
serc as x variée fres 0 1o —3;3(:;-;)-“% D) 1.
Then the expression for £, () bescmes

) 2
h(;).ﬂ[zo-;l—iw—"}{*;«rxg} (S L ;";
- 0 if % ‘3‘ %*;:i'
A i
. v:,(m) 3

21a(beed) l‘%“;3 .4 %"}" ?:-*‘1‘
Y MDs ¢ 2)= w0 2
-ﬁt{, &(h*z}f -1




Sl

This pressten shows Wt §. (1) So nob wemctenis aad thet 1t
4o magettve fa Whe Satervel 1:;;;1‘ ’&;- The segative-
aem of h(z)ammnumm«mﬁm
of nl(o),,\gmﬁ-m-ummw.

Toking as fu e previows smaple 9(x) % be linesr wo get

2
e LAl LS St rmeper®

o e b m‘
e, (0) o Fe (2o ‘,“‘mn

3:"2. .1(‘} - eofc ..(ﬁ
csd, 20eaf
, 2 (2 ¢ 2)
uaumnwnﬂmhnvﬁu?w
wnitye Mking these apprextmatfons we find thet

et my(0) < card a (4) - . ‘:"g’

,%{;.‘,u‘-——.

Thus She empresetien for [GiV2 S my(®) -oa? *a,(0)) for lacge
values of mumummmwwu
Foster [6). m«mnm“mmuu
mmmumu A en u and Do Binc A
1s relatel only to e distridution of the tine of Sraseiticn of
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of a fikre from the veloocity etate “ to that of v, v may
assuns that X is wot very sensitive to changes im D. But we
haw alresdy seen that the case A =) @ eorresponds to ideal
drafting. uumm,umummm
8 =) ¢ also corresponds to ideal drafting. Thus, the simplest
*«md" lk‘ " M@mﬁtu u =) 0,
Ae)w ig given iy 1.-::.”- A, does not depend on D
sad w. |
,wn'maw:us.nmmmm
Mwmmwmumu

©9)® m(8) - (cov)® u ()
- = “"’3’;%‘4 u ] ehioh gs the empirteal
formle of Cavaney aud Foster [6). |

Pars 11
6.90 DRAPTINC OF _JIDEAL SLIVIRS. (GENZRALIZATION T0 THS CASE
WHIRE ALL THE PIBRIS AR: NOT OF THT SANE Liwgw)
In this section ve shall extend considerations of
Mrt I 4o the cam wvhore all the fibres in the input arve not of
the seme length. Most of the motations used in this section are
the sane as those used earlier, and the additional oses will be




sxplained at the agpropriate plases.
Lot 1 be the length of the Jth fidwe. The distribution

Aot
o 7 mal shich has, the distritution fumotion P( )

mmg Parther, we have for a'(t}

lwm

o { _
(v = —4= :'z (2 = c0s {;;)tr(l)

Yo oan extend the considerations given in 6.5 to the genersl case
also and show that Rere also drefting besonss idenl as A =) = .
Further, v» haw

Lo

~
& .:—3 é (1 = o0e M) (6.m)

e

Pl Vo VY I (;ﬁ--v,sfn.u(() (6.82)

NE sl
5 () = g () .f--L Reo B (expe ---- 1)
(oxp. ;;394) !(%‘; )| (6.83)
where
’”J'ka")‘gf;,,”e‘kv* Lio® (6.84)
and

il L lyo w) = & (omps BT [ (s, = o)
vl ] )



Aw “AV‘QJ
” )‘ma(n-l

-l'
© g% g ?—-;!;L. (6.86)

- WY 8V g0 B QJ‘ o Ly )*t(”d'ﬂd' Y2, /L)

ix +* (‘:'YZJ, - ,)(‘.nh "‘) 5(‘ » ‘k" Qd QL{L )] (6.87)

" e
i‘ - 'QJ"/#’

n, = Bl /L;)
- ey / A%

Up %o this polst the expension $s sfsple emough. The probles
ie &0 choose 983 tys | 40, )s the correlation evefficient betecen
'mwm'ammmm-cmwmt}
leawes the back rellers st tise §; st the other (of lemgth [, )
% tine 4., &5 & Pumotion of t.tk.ll ot L, . Whem all the
L‘bmwmmmmmmxmwmmu
that ﬁ(t,tt)Mm %, aad &, enly through their difference.
hmmemmmrmmmmmwsm 9

To almplify further the dependence of § om t, L

e procesd as follows. let wu(t,, L O ’Ql: o % ) [u(3e x) for




Wwovity] denote the maxtmm tine for shich the jih sad kth fitres
are siwbltamesusly in the drafting seme. is soom as we refer to
& fibre as the Jtb fibre, it means that ite time ef eatry into the
draftiag sone (er equivalently the time at which reletsed Yy the
dack rellers) and its length are given, so that w(Js k) has to
bs construsd as the maxisum over ?J't-l"?k‘!;u Now, we say
that & fibre is in the drafting sone if its left sad Jise bdetween
the back and the fremt rollers. The time for whioh the Jth
fikre will be in the drafting sons 1o - ¢+ 7 L . mnere-
fore, if the J%h Mmhm::hwﬂumm
the m%mmummmmmmmu

simltanccusly in She drafting sons is —B 20 ”z(kl}a-(cta-t
b4

Thawkve " w(ds k) » Nax. [;2-'-0 "ZM 01“"‘}

he LJ

‘ 1

e 4
=% vw ' v “he HEh
L G TR :.‘%»Jmm kth fibre een met emter the
mnmmu Jth lesves it in whieh ease w(J, k) « 0
and honos 9{u(Js %)) « 0. Interchanging J and k im the above
argunent, ve get the expreesion for the case 4, 2 % '
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Thus we bave,
;ak)-a T t‘zt + 4,
.t +d -t.
I S8 <Yyl
"i"k.t
ol TRTL e
-0 if %24 ¢ dk (6.08)

where 4, --&;[u-l&"?)]

Proa (6.80) 4% 10 olear that w(yj k) depends en 4, end
§, only through thelr difference and that when all the fibres
are of the seme length L.xtmu-%-[m-m}n«kh
Consequently we assuse thet 9(s Sg0 o L .kk)mu
8 b L oand Ly ey trengn w3, %)
That ie,

$bge to [ o1y ) = 9,[ulss ¥)) (6.89)

where 19,0 152
s0d 0gulle k) g {; st 9,(0) « 0.

s shall mov deduse from these congiderstions She results
corresjonding to Theorsus (6.61), (6.62) and (6.63)c OFf these,
the result osuserming the covarisnce function of = (8) and u (8)
aummuumumrﬁmmaww-
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Iheoren 6.8)s
If e jJoint distribusion of 2., (J9b k) is
given iy (6.06), (6.87) and (6.89) then 8,(¢) bas an sbeolutely
contisucus spectrus and its spectrel demsity gl(v) is given YWy

'3
‘1(:) ..u(v) "'——-%- Bee l(t) ﬂaz v)

where

Lmex l

B[(w) « /  (exp.

! e, (4 ol )-

g-ta--‘%‘l}

L
#l ‘é; (- Jh,”)-c}«p.tu-&
o

Lmay

IR R O %—%-z} o (L) e(()

4
bt |
5 : 07’
0, Ohjer J (o 0) n=w()) w«[ = £2( 7)ay
(9]
() o —t
A X SN

W) = 2Ly [l
mmd (3 demotes the complex esagulste.

Further, as in Theores 6.62, 5&) is stationarily correlated with
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Rxeof:

e stetionarily of 2, (8) end the abselute
sentimity of ite spectrum and the validity of [683] con ve
Wx:m%mmikufumw. Hence it
remsing enly to ssloulate ‘l(')

from 683, vo Mave

I sl
&(v) - &alw) ¢ :—;%- Ree E [(exp. ;;-5 -1)

(w{#}%» 1) X % 'th v)}

where |
"(%‘t@vﬂ*rza l‘!‘,(%ﬁslﬁ. v)
and
7yl Jld‘-a o ¥) = ey, *f Bsg-e)
© 00737 3] /0,4 )
T+.£;J L
Bow % T+
e U)-thta ')"":'z" j xpo-iv(t “&)’( 0’*’1&! Q—k!
5 L 5
where O



~ 1ub

f_& Ck
- J ‘j‘ t((%/%m%/l.}()f(d LAY

o o]

[2¢9)n3. X)) (a50; <v(ar, <w))=

m{”‘%ﬁl ("Zd“*ztz)]

- Gx( '{.d » ') a“('(.kt ') * ’1[‘“) k}} az( 'Cd‘)') Gz( leL’ ')

vhere
¢, |
oy €5/ 0 ) ampe [T ey
o)
.

e 1 p )Y/

Ay

and ‘, - -

3w L

But T+d T+
yg o, f oy, emp. [«n(ty = ¢))
ﬁ L
) 5 {1

= axpe [~2w( fZ** 1)) 3
and

" I/ } 9,[n(3, k)] enp[-du( -4 )lan, oy,
v, $% L5
K gem B,
';; e T-I"%J‘\ .T+ -{5'\
- j o, g;[‘“k'ﬁi Qd;ﬁv\n

4 0 o Av(son ))ay,
L I "J|
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[stnee u(ys k) depents only on ¢, sut &, througr 4ot )

Te “3";
= | %y(nme [ oly )] wmpe (o) ax -

R
Le

L
m.[ro-%-,m—;;-]
4 /akg -
-t
{w putting Xwd -8 enk faverting the order of

integration ]
Tee,
= S {‘!-hnk-nj!} 8, [u(=, [d oLe N " .

. fotd!
ihafore

” (KJ » Zk#)

leapo(tum)al* iy “to(d; =l )
s "

i Ol
O (L wlallem) I F
o e 4 "gg_k g ix[‘(&q ’Q/Z ))-

Q’-ctat

(2-tuve, -0 1)6"™ ax.
Therefore, '(fd o Ly v @)
= 3(e3) QUL @ [ yfutm iy L ))0"™ ax.
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Sudstitating for wu(j, &) frem 3.3.8 in the adove expression for
F(L o Ly o #)s we got after staplifieation

ne ;%’,Lu {r( Lol om {f'" %ﬁ-dl[n(ﬂﬂd ];

At akerunt-
=28e uy(v) %, (v)e The proof the sesead, 1s emmetly spsilar to

thet of Theorem 6.72. This coupletes the proof of the Theorsa.

The adove expression for ‘l(t) is guite complicated and does
0% lead 10 & simple and workable expresstos for S, (2)e But, se
in Theores 6.63, ve can obtain en ssmgmpigile expression for 5H(3)
asd this is given in Theoream 6.82.

Theores 6.82.¢ "hem &refting is asympiotically ideal,
(fe8+s whem X 1s large) snd the conditicus steted in Theores 6.31
are sstisfied, thea for 33 0

man Lonan
£02) = ya(f;»--ﬂ;-}l—g SN UPERES

(s 1o3) mal Loz e5) mu(lyt ~5)
~o L Toz) el Lo TS ) e ul [, 3o Bh3))
vo(3, z-Bd)) e {) @)
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€ - e, -6
fe g
5.% 6 -4

«(lom)ms [dy=1x] 8¢ ¥xig &y ——
=0 eothersise.

PEesf: Ve have seen in 4he prosf of Theores 6.63 that

o Ae)w
. 7-7 : fh ol
e & Y

Fyoun thia 1t follows tat

‘ c
B Al o D o e

et 1, for Jazge Ay "o 3oy uee the approximmtion

b

g&(ga,.);zq%%?Q.,n”:JEQE§$hﬁQ_

uning She adove apgreximstion for Qa(ﬁg,!isctkuiin;ﬁn
axpression for ¢ﬂk)aﬂmuuuinlhmnn64n sinplifies to

T s Mg Brodin % a0 . RPN
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& (v) - ]9 (2 = 0os f;;] ar(l)

e v Y YA IR
=8 f ° 0 :

t,

. ~tv
(m'%,‘- 1) . (S5 -0

“(“)(Q\‘Zt) -
[”‘ % ® g ‘(Qn‘).h“l]

RPN 1+ L
‘“M‘:x’s‘ £ £ @) (%)

g a0, Loz w) ety x) ox
whare
MUyt yx,w)moonuimes, ) ~oonw(xet,)
cove s(x45) ) o oew[xolBle)

Now p,(% ) esa e obtatned Wy evalusting xlﬁcl(») cos S dw.
¢

g..ll’g L {.‘( zl’ﬂm'{l*‘)d”’

*hich ean be ovaluated by Whe well knowa methods of Feurier Series
snd istegrals. The velus of the last integral is sasily seen 1o be
2la(leS eMea(l, s -m)
Vsing this we sbtatn the desired result.
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- From Theoren 6.82 we oan cMain the sxpreseion for V[, (0) -
#,(0) . Ustng this and sssmaing 9;(x) %o %o linesr, we obtain after
some simplifiestion

@.ﬁ Il(t) - an !9(‘)

F 2"‘"’- ew\nn )
'.\)g #"H'— ’ ”{L\)@(lz)
¢ il o

€ Ny

s LY «(3d) Lid0e2)!, = 9L, § = (2Ded)il,-La) ]

Waem D s lazge we may replase D L, « (Da3) (, 4, Ho=2) (), «2l,
WrIheltl am B oy gy Making Shese spprexinations
e fiud that the expression for ﬁ.f‘n‘(t} »ﬁ.’za‘(t) reduces to

s A A
mummummmmma. The explanae
m#&mammtmhm:muthtam
earlier.

h#ﬁm%&-%wﬂ-&ﬁtm
of 5,(8) snt u (4), whioh hodde adeo for the deneity processes
2(8) oamd m (s).

Desren 6,83 For oy $, 20 ani say yositive integer
let
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0 e
&-ﬁ(%i%(i#ﬂ.}- vl)

ked 7
:‘.ﬁ(% i‘l“"ti}‘%)

en the (Ko T) (ko lp 24 vee) 38 (88 & <> «) saguptotionlly
acrwsl with sero mean and coveriamee mairix

o 2)

where aoﬂ‘(ﬁ)*zi B, (=)

Befig ;’;'ﬁ“ (z 8
pel

%
Cup(c) v2 & )
O 22 2 hH Y B
-k ummmﬁ;fé:{i**%?"l
Pxefs st us firet mote that §f

Is-wi> ;:-, Tag (s my ()3 st m (w), ay(w)

are independent. mmr’nmw_mmh”-
6.9. Conoluiimg Remnrkes
In chapter ¥V we have seun that shen $he fidres in & sliver

of fivre-right-enda along the sliver axis is & Poisson presess, the
* ¥ads is 0 beomuse, §.( € ) = eov[n (¥, 5,(8 + 5 )] vanishes

m;(ﬁ-



procedsss n(x) and m(x) ere stationary. It will be of interest to
stuly the couverse of this preposition, mamely, that of fiodisg eut
améwammm;ﬂ a(x) sad a(x)
stationary, particulsrly becayse for other kmown yarn models like
that of Bamnsheiodden [13] =(x) ant =n(x) are not stationsry.

In the present shapter ve have scught 0 explain the effect
of drafting on the irregularity of the ingoing sliver vithout asking
fikres in the drafting some, dut Yy msking some yessomable assumpticns
e the type of motien of fRiNsing fibres and on the distritutions of
the transition tises of thees fidres. In so deing, we have looked
for assuaptions whioh make 'a;(t} stationary sinoe vhen drafting
is stesdy and free fres mechenical faults like yollier scemutricity,
we expect the fluotuations caused by drafting %0 be of stationary
type. Awother fzgortant festurs that we moticed sbous drafting is
that it csuses only Jogal disturbeness in the fidre-arrangement in
the ingut sliver. This is memifested partly by the fact that the
input = (8) sad the cutput =, (3) are Both lineariy snd completely
son-deterainiatis.

Hertindale's [15] argumeats show that the fdesl sliver chavace
terizses the pattern of imherent variations in the properties of a
sliver. Conseguently, we com take the ideal siiver as & lasis
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mh-tm«mmmwhm On the other hand,
if the sliver to be compared s knowa 46 have been drefted, thenm it
umwmmwmmmmum,m
the one cbtained by drafting 1%. Comseguently, it is impertent te

Yz 81y Jut oan have all the spesds 1m that range. The fact that
wnuummnmmmmmm
amnmmﬁm;mm vxhrg mkes the jrodlem
of gemeralisation @ifficuls. In the twowvelocity model we oould
'mmwmumvmsmmmam
be dofioed from the seoomd-order properties of nl(t)ulgb(t)-
hmmxmnunummmmmmm
beheviour of & drefting mechanien Iy ealy two funstions which reveal
h.mmmuaa«mmnmmm-uu
ealeulated fron the sesont-srder propartfes of n,(¢) and u (¢).
Another, interesting preblen of drafiing is %o find cut §f a(s)
can be cbtained frem Q.{Q)hrmmphnwmm.
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