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Leweibine Orvientation in Extruded Pulyethj-'le.m:. Film

PIOLINDENMEYERY wel 8. LUSTIG, Visking Nivistan, The [7ndon
el |r " pereelion, U ldeagn, Jlimons

=ynopsis
The oy lele orwnialiun -'iwt:il;ut’l-u' of e a and & erystaligraphic directions Dieve
N v e tephmalinr oo Leaeded il Dast B Do Bilinas & s Tonmest Jaue oof 1 Ill-'l
Al L 1A B OMGGE ol fe P ||Ilq. ul ".'l'l by i 4

1w al b e o hesinue of vsing it plate xeray Jilfeaction pl
lowal to orrones cone bzsiong,  Trioesiae S Lo mbio Tos aodistinet iy diffore:
upon the oo ation of Ligh demaity polyethyiene film in remoorigen will loew Ll'll'i-il-_‘.'
pelypthyybeme flen, 1o eontrael with previously pobhsked inforiation e seanlea
slie b R o e ddoes ot ariend preferen oy perpendieulan Go e exorusion divee
n that ene cannal, i genered deducs the masimgn
sopoawiy freome apealilafive subumates of the e aned G oaMes
i Dnder wenstR e EEnEE D, elangarien, el e
aoperres e eed sl e pesssiss coreelnlied with thes arienbataea of Sl crveisiie-
direetiong.

£ e

v glrenzlhe of

cafrwlome Ghos aond fibees bas Deen Dovestigated by

iz the wethods of x-ray difTe iz,'* podarized

e s ol bivefringenee 0% These studies have all
to eharacterize the prentation of the crestaliiles Loy sone
cpd! or el arrgngement of certain ervstallographic axes which
v :'-_.:-f'ﬂ:?i_i_-diﬁtri}\1_[i-;fil1. Far easnple, Lhiere seene Lo b
: i oxtruded polvethylene filn: there o p tondoney

i : i Co e meebdoe o exbrision divection. This is 2oine-
Pirmes peloreed tooos g relaesd odentation due to its I~'iini'|11|'it_',' tir the nriznta-
Lion assumned by drawn Bhers whor the are allowed to relax at elevated

temperatures 30 The coe tusion haz been deawn from these ohsorvarions

hat <he o oaxis oo polyer exis most ond e orient perpendieniar 1o the

ctione This eonclusion i #till provalent in the

negk recen G e we rkeof Aggaewal, et al,Tand elaborate meehanisne
hiave b posed to necount for this peealiar phenormenon,

An atberele ocentation ealled row orlentstion has boen preposed by

Bueller an 'uh oh the b axis takes up & prefeceed oricutation perpendieuiare to

e et o etion andd thea and e axes are randomly distributed mm

i the & axis Heslows that such an ooentad

i ol o & axis orientation only by very eareful analve's

* Presenl adleosss 4 lanestrand Wesewnsh Craler, e, e, 290, 0

el
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pd auly in those few cases whore ovientat ion is sulliclenlly
perieel i },.--'.':'.... nodistinetion, Holwes of al” | hEve Te-ox aydied theis
lata aud eonfirred Weller’s mterpretation in a fow cases but eanciuge i
sttt pwe cnnnet be distinguished,  Aggarwal of alt apparently
E Canoover rors orfentetion. Al these investigation:
b Csynenetry about the prbrusion direetions and beth
':Ic:l;u;-.-. ok ui. .;_.\!. Agzarwal of al? have nttempted o yerify that tey 11
L{-ud had snch symimeiry, :
‘his paper we terort an investigation af the crystallise orentation aof
vt dad ek Do tilos inowhich we have measared the eampicte '
comy ek, e ensme o7 B de ngity palyeilnd
a0 Dtion. These resublls are plotted as pole '.1_E'|II.I'I.':‘-C for
"-‘!ulll‘l' cphie direetion. Uhese findings thus previce el
2 COTIDETTE uur‘. we el orientation of erystal wxes Lhin Tiss “"L" pre-
sl available fro "lat plate photogmphs. Pistherore, b oai b
i e et e 4T e orbentation of the ¢ axis cannot i genernd be doldeeed
Teow oA B v r||..-|']_'|'|:|'|1| 1R, _[||Ll-i thaer w |r|-:'
boldd b tiod that Che polymer axis tends to erient perpendieniar to the ex-
Fragion direction is nob indeed an experimental fact bt an meecurate
clusion deawn brvsuse of thalack of complete dat

]
i ]

Thar results are given

Legbions elisteilniiion not o

S e ot an crmeslmontaily nwgsansd o
b . T Lo 1 orientation. 1t will be shown that such oricntation
oo with measured physical propertios of the olins

1. FXPERIMENTAL
A. Materials

: * o1 this study were & high density pelyethylene,

! i '-js'[lgtmlmnn Ca. and o low density polyethyiene,

XM= Je b Do Carbide Plasties Company.  These were all tuin-
e excruded filing extruded in commercial melt-extrusion equipret & ik
the e of the sars die and extruder and with serew speed and e e
iprrrornt: es oo cstant for each of the twe series.  The aount of air ia the

bl Te 1 akeeawny speed were .l..d]".lﬁtﬁl to obtain fi'ms that were ap-
il 1 s thickness and sacied in flat width from 2.5 w0 12
in. o bhe o D the high density Blee and 25155 in for the low dammily

films.  The :r'atm of the flat width 1o the die dimmeter, ealled blow ratio,

is genmally used in the trade to charasterize the amcunt of transverse

giretoh snd w -|1-| 1t follew this practice.  The actual transversed slreteh
b : u'tipl _1,'|.1 g the blow ratio by 2/r.

B P’hruicai Properties
yeien! propertios of these flms were meastieed 'm. a’cl.ndn ﬂ:l. .‘-uE"]. ‘-.‘

i methods and U resulis are sunmarized in Taise T AR
st --th el modutus (e, stress al 109 elow ml!lM of th hiyh
Shan that of the Jow density flins the behavior of
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acinge Dlow ratin s qualitabively stinilar, i, bhe

3 L vaction values feeremse and the crmnsverss YRlues nerease with
ensine Blow cubie. Un the ether haad, te per cent elosgation ai breal:
arrt e e o ene 5 el g with blow mbio guite diferently for the twe

(. A-Ray Measurements

The %=ray messiren enls were made 1s8ing o Norelen wernw dilfeantooe nfer,
roniometes 'wrl a flat-plate carnern. The uszual diltered

n .-..'I-..l--'\...r-ur'.:r rOarTee.

oy
a mole Four

li ||:.|1|{u e dechin |IIL|l_ i

I g is deseribed in the literature (AS I‘J"t[ K-81-

547, seversl puints deserve farther comment.  In oeder te oblain dilfrae-
tion from all prwe-hh i r-,'atu' planes it is necessary that the x-ray bean: pass
theongh the s |-'_1||: b various angles,  This resalts in 2 vardation in hath
ffective v e o fhe path length,  Buitable eorrections must
X o to boe eompared. The usual method for

! qmenta en a enmpletely anoriented u]mcimn-n

A the el ol e cesvert the ohserved intensities of the oriented apeei-

wmen to pliiples of 1 intensity of the random epecimen measured at i the
B ey |.]| 1‘|’h'

Tn the case of polymer flms it is diffieul? to okt

wWfrean ple W ohibnal samples with mmim-:m -le“l-:‘.nf.:mrl!!'
. ijuette of finely precipitated prlymer (4 more
e e wiori showed distinet orieatation and sometine.
ey o 2econd ery -ladline strusture). :

. ORIENTATION AND TEXTURE

A. Definitions

el e hoset P gy ORaT arablo to disenes the meaninge of por-
fain t,r‘-“nu ||!'m,t ave fro ul.w‘ll.-h? hﬁeu esed but infroguently defined. In the
selvrer fielid, arisntation is generally aseopinted with the arrargement of

the omg ovis ol b soleeer moleeule, bud it iz also misapplied to the proe-

o e nsed to produce orientation, namely, the proe-
s of sbreiching understandable to speak of an orientted fiber since
ane iraplies by this thal the orientation is of the polymer molesulz with

respect to the fiter avis, However, to 'E-[.Il'l‘i]k of an oviented Aim i2 almest

meaningless, siice thers is no clear idea of what is being oriented with re-
st .'r|1

© a2 the r:-1f1.~i-:msh‘u hotween =on @ moleoninr

ata o et for dirsetiona) and the external referenee frame

o the specimen,  Thus, the orieatation of the a axis of o patticular crystal-

Pibe ton mhm- o Al eentld he p.m-mjig;l by Eivinge ite azirnuthal muc:'t- (31,

with eespect to the raehine (entru siom! dirretion and 1ts inelination ang HE

Fopy anl eof he Fln, 11 one wishes to vefer to the arfentation of all

o} ep R
i a enmiple, nne has the aviertation distribu-

[ TN

|
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CRYSTALLUTE ORIENTATION IN POLYETHYLENY FILM 21
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Fig. 1. Mustemtion aof nehip betweren the w-ray beayn, the Db ving onon

1'.-L||ul:-|.|;r4|,|:||, ral 2l ]:ll.l|l' 1';|'.'HF-"

¥ I " et el e moaxis dhstribution.  The term texture has
srientation of el of the ery=tallites ina sarople,

shimal Ocivmtstine sed Tevlare | s

D. Feuresen:

A pole figure i= the ste-ongmphie pm}w"ﬁnn of the nor: als ar “poles”™ of
pretnl planes 19 an i
The: 1l LR i-..J__,Iu pole figure,  However, Lo illusteate arien-
iy G shew e polos of only one type of eryatal

L ki woed o indieate pole densities by contour lines,  In
.-"i:;u.-e w1l |st.* e the relationship between the x-ray hean:, the Debye
ring om ﬂa'-,_ml._ul pheagruph, and the pole figure. Al ervstal planes

st e b et T TRV Al TRR Al -.--i'l'“"l""I gowith fhe b

e st e

N st WL :'llsl'n 1.-. .H..- e u Mwrith ¢ |.|.\_ 1-"!".1 ot ‘lql"i.', the

3 ik o vs which diffract as Dobve rings in s fat plate”

photagraph ooe peojreied into circles on the pole figure.  Note that as the

Debye ring inereases, the corresponding eisele (o project of o small eirvele}

e resenting she locus of the poles deercases {the Debye ring is deterinined

fesweene hoo Tor e hall apgle of 26 whereas the o respanding loens of poles
latesors i1l thae half angle B0°-#),

i : : v figares of a film sample it s castomary to orient

Ve smrple with e machine or extrasion dirsetion in novertieal position

ard the 1r'1 wherse direction in a horizontal position. It may be tecessany

to rotate the samp’e in onite a different way i order actually o reeord the

eI .!I!r ction if'lr" sites.

{e Figares Over Flat-Plate Photogrephs

Trspite ol coper eental diffienltiee required o obtain o compiete _'|'H!-|1"
figiire the advantages beenine apparent whe ome eempares the sinonnt of
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: G o0 the pelutionslip 'Irlirf“n the '1r-'-- [I‘"]T"“ sadl the naT-pic
crveend pluieEie e = 20 sl B 0ls ot ey
ot | Jarsterrnphs,

“"'a;-;'. ation availabie on such a pole Bgure with the inforiration which is ab-
tatn l S bl nsun ] Aatonlate nhetograph, T Figane 2 we show ag oz
i Af infermation that is obitained hy the asual filn tech-

| v the only information taken is a single Aat-plate
photograpt with the -y heare maemel o the o, Vor oo given ervabad
wlans this v mlrh mfeemation only ahout those evvetal planes whose poeE

make an angle of # with respeet to the plane of the film. Ui one does a

shomael fob b taeos teen additional photographs with the xeray beam in

$has ] o beis parallel and perpendic e to the machine Ciree-
siom, o e v indieated by the other Swe sets of dotred lines in

Fignre 3. Th ool lines appear to sarple recsanahly woell imost of thie

areas o the puh figure, wet we note that they actually tell us nothisng at

all aiont ervstnl planes whese normels lie in the three principal dircetions
of the Biloosan ole 1 oo the machine divection, the transverse ilireetinn, and
faninali oothe plane o the film). Ao oxample of ey womn-
jeit dee e could D from these film ¢ chniques is shown in

Pigure 5 Uie e adinittedly o hypothetieal pole figure of w erystal plane,

bt it serves t.n Slustrate a prineiple.  [n thizexample the erystal plane has

et it atian bn gl theee of the origeinal dircetions of the polymer

P Ao zevies of the three fat-plate photegrap™=s mmple the polae

Cintensity would differ dtthe from that of o randoin
i e invostigated the erisntation of thie erystal

“""'I-'". .

fily
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CRYSTALLITE ORIENTATION IN POLYIETHYLEAE FITM R

Pls i ]

1A |i | RASTET I ||I|.n TEE A lh“ vind (2l tea 'Ih VW BE rl]:ﬂlﬂ il TRt el iiEerE,

chwemes  we wolld ennehade that 0 wns eome-
Lo,

itl. RESULTS AND CONCLUSIONS
Urientation of Extruded Film

Chree aneipal ervatallographie directioms in in-

5 i) polyethiviooe Bl wre shown in Piguee 40 T e
ratio ol o b erpvalent to essentinlly zero transversse steeteh, In
mh'rnn. to provie u.;-..:,' publizhed oherrvations, ans esuliz elearly indicate
Bt the orie: wtion of $he o axis is in the machine direction but is melined

gE vl ot of the planeof the Glm. I iseasy to see hiew eaiior
i oltnmed, since the Debye rng of the (2000
nd porrograph wolld ohwionsly show & masimoe in ox-

ackly tle swoae place a2t wonld be il the moximu in the 2 axis distribution
wiers in the machine direction,

The seeomd poinb which these pole Egures make clear is that the b axiz

ot T gooral times stronger than the o oaxis ovientation, o faet

“rony Hateplate photographs sinee o """I"i'u -

v tiwes mare intense than the (0200 refleetion,

Finnile o el messirerwent of dhe (0020 pole fimare shows that the -

axis does not orien! "'!lr"ﬂ‘lslltt!‘ilj.' perpendinularly ta the extrusion divee-

tiom Tt has o fairle eomaiestod disterbabion with masima at about 459 ta



-.';‘«:nl-:?iME“'L!l }L‘ﬂ S LUSTIG

170 BLOW RATI

v L Lt
e e T
/! \..- Bl e SRR
- b £ 'J‘I'i:
o [\ o ca
a8 % i ;—:__._‘_-:— §
L F_f { o I 'S‘j}-"'
ﬁ?@}h*—i B, el '!-L..-—,_: ';-‘;;;.—._-
/ X S i e
[ oot 4 : /,r’ H e 1w
| ! B
e . .
[OZL, Qg

Figr 4 Tale e ves e the three principel ceystaiiographie dineilones b il
putrmded Blarios G0 colyethvlene i The Blow ratio 1701 w eouivsient s essentinliy

o leanmverse almetrhing,

e extrusion direetion,  The direetion normal 1o

il appear e b oy diveelion not fnvared by the e axis,
In Figures 5 and 6 we show the pole figures for the a and b axes of high
aned e deasity :rpig.-:--'h],."rw Al with various bow ratios. A0 bow Blow
ratio the orient tion of these twa 1|Lat{=nmﬁ iz ~asentially the snme,  Tlow-

2 H -

w2l

ro coel oosture with the b axis perpendicaiar to the film and

the @ a8 unitoredy dispwsed in the plone of the il Unless there iz a
etraps prdderred orientation. the intensity of the (002) reflection, i low
denst ¢ polvethy ene flm, is too weak to be measured wih cey accuraey,
Fiowewer far 4t - hieh Siow patdos il b 08 sude Do ssesanee e G o aais 8
i in the plane of the Blo. In high density poly-
i i1l seme ot conwerent fo obtain as high a blow retio as with
the low density fim, How ver, at the highest blow ratio investigated the
t awia distribuation showes little tendenay to change while that of the a azis
ehanges in the e way as in the low density material, Dol at o woeh
glow v oo bieh Doty filim it was possible to measnre dirsetly the
can be seen that the £ axis ehanees o mach the

u o
ORI & P S B T B v prognte

The temdcaey ol Boti the @ and the b axes to orient i alvost cxactly the
< me way is perhaps o little surprising. Lt may ot first seemy impossibie to
by o terclerey for Foth the aand the e axes o erient, in the seme direction.
e e thie s e ctly vhat Keller's model of row nueleation would pre-

croslailization =tarts from Hnes of raclel in the ex-

o diruotion and gy L wik oeeurs rodially cutward in the same 1zanner
asin *]"q- growth of a spherulite.  The direetion of radizl zrowth is known to
b Al bonxis, and the o ond o pooes tendd wa rotate saround Lhis groeth diree-

tion.  If thiE o

I WEefe lI”J"'rl-lul: u:n- l.,.r.li.. s Shern would et il aarjar sn
e i) o e and e pxes b have o maximum in e extrosion diree-
7 oaxis odentation 7= several tunes stmreer than
iz further sappoct for the row-nueleation mode?,
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Fie P e for Vel S0 pedwethecdeoe Gl e a funetion of blow g

Theae o e atinoe pmplhagize the importanee of making quantitaiive meas-
z ol e,

| Sreinglbe, the ultinate elongations, the sfress at

100 et cae s Che tens sbrengthe are tobulated versus blow ratio in

Table . 1% is reasonable to0 expect thiw tensiie shiciggil in & particuiar

dircetion in o filin would, az & first approximat

£ the cmter of chetv axes lying along this diveetion,  This expertation
P e data,

ki copeet that the tear strongth ol the film would

bes peoportion b the nwnber of chain axes lying in a plane perpendicular

to the tearing direciion. Npte that the moehine direction (MDD} tear

strongths for Marlex 50 ave partieularly low and increase only slightly with

Elawe =otie, This cgrees with the low nnmber of (002) poles slong the eque-

- 1 repondingly, the excepticnally high values of

i tear strengths are in agrecment with #he ela-

Ve b comeenteosien of [02) poles inthe meridians] planeperpendieular

iy the TT1 direstion.  Snee direet measurenwend of e (002 pole Dguee for

e density materie] was not possible we ean only estimate it probahles

S
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By - Al L ITE GRIENTATION 16 POLYIIFNYLENE FILM a7
ditation ont the baoi of other date, Thess estiioabos e sonsstent wrizl
the oheemmaticr s mide clizs fer,
Finally, we nerd to consides an explanation tor the cloggating., s

Ui s feabure s vl ixeceptionally Jow T3 elongation for high di'n-lr\'

Elo e ke o own b e exepplionally high T clopsation in Jow
,the lew demsily TD elongation inerenses eube
foowith drow ratin whereas the high density inereascs only vory

The kev to thiz problem lies in noting the correspondones G-
e the AT vempe wdpenpthis wppd Ahe AVEY sdoapne

11'.w-| I:||| T sl

g "TIY 1 5!--.-1“ I|'u.|"'|'1|'|'|h1 [ T6 3w '|1|i1|' 1im -""';L|'_‘J e pataed
p—

4 B ot i nm ||,:¢|Iq- strenolh ..L|'r‘ prhrvniern o e la
ol Paws e defects in (e materials,

aecars b Ul propagation of eraeks areinaline Peone siseh faws in o wiiree-

o perpendicn J.]'l_ ¢ the tensibe foree. Tlius, oo eas entionalize the olntene

tion walies fas well az the tensile '-=I||'I|'F1||\' "r'-' '-\-“'II"I' v refor I1IIL’ tor the o-

planasion for fear streveth which detesimioes the propagation of cfaces or

TR L fl ! Lgmation s hi;h becarse the tear strengil i
12 ! bood transverae cracks prepagate with diffionlty.

Ui verse velutiogship bebween tear H.T.I.'I,I‘LT.!I ared uitimate propertics
ad a Denebon of drsw ratio does nob hold for the tow density flo, pnd we ewn
abtritmde thie e b et that e 8P ogae fne easinge Blow ratio fords o pt

e ord N Aain tues fta the plane of the filn: #o that both M1

vasorl. e wouled expeet that bosly AT ol
il il . ith Hlow ratio and while this cxpestation &=
Wit eviden et by i data in Table T, neither s it enowdy in confliet,
sl ATEY vt
fone, althougl we have nob prowvisd eonet meehanigs por ex-
aleoaed T il e phosieal properties of polyethylene film on the basis

we nevertheless belicve that an accurste ol

seekallitn pvastatinn neine pols Heores hos eone
a long way toward -.L|m“\rmz posstbie mechanisms, 1 has clearad g
eortain distine: soomalies and showed that elabormte neche Jans o exe
plain the ares taticn of erysiadifies with their e ases pergendiselar o th

Triggie o dicootion nee oot necesssry,

iV, DMSCUSSION
The wwjor resules of this investigation are the olneidation 0 eryatallite
crferiation in polyvethylone filmg the nesessity of measuring U comlete
artendation dist |h1;| iy, and the danger of drawing eonclusions concerning
the oo e e e Trome qualitative estimates of the distribution
[ our eanelusions ere different from previously
thliched vesulis 1t would seent nppmpriﬂ.ta Lo diseuss what we fecl mey be

r'||.|_1 TrEseTy |. 'I" o 1

fine |.L|_11 o et e of -'.|1'.|r]111f1.| _'|:||t1u'l-|} lLLH:LLf S TR Fot FERTL R

L1} I '

s REILe it e sherwry Wl o shonbd have egual intensities
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w the pole fgure (taking ihe sanchine divceting w

—r =

i APl end broan oy Inkd uney ey ke
present i1 the fins we examined,  Thus, either the files exi inead b sy orbhuer
frvvestige o had quite diffsrent orienzations or they falselv o 'fn"f.:!'.!'.{t ol the
P e i ety about the mackine dircetio, due fo the
" beooate . We are inglined to believe fhat e Jeck b ooi-

likely possibility for the following rensons. The

i {rost copnnoniy used to theck for the prosence of eylivhrieal sene-
ey wenid e te take s sigle fuleate photagn vwith Hhe x
prralich to the maehi

ol eorreeond 1o falitode lnes on the pole figure.  Now if such

=rar b

s it M sneh o .:i|.r.-:s:".'1'1'!: B Dhestore ves

i D ccontinly o uniforin intensity armind cach e one

| sppaehipding Vhe existenee ol eyiindriend sy,

Plaever, e el realize that this single photograph oxunimes anly a
sia of the tetal orientation distribution. namely those indi-

ol W ERTLE

fraies e e @ e rees o the cguater An examination of ane dataoin

Viure o5 ard 0 shews that at least for the (200), and the (020) planes
~very nearly eonslant intensitics aniil one reaeles

! ; s which probably were not javestigated by others
Pule feures of other ceystal plancs (110), uu{] -.’Ul]‘_l. (ot shown here)
s e A i 25 L L Titarm --'.-— - ’ - PRSI SN,

eyt eir cospective values of @ Aggarwal” used a 1||1H' soqtlvera eanera teeli-

b I 5 o pa tl] 1.!'”."'- WaE 1 it --.11.“! ton sy o fesiner &

g

Daborve, Thos, it is understandaiie win proviens

il e coneloded the aresenee of eylindrieal syimmetey
myited dals.

Hower e, the mest important defeet in all previons stodies T Deei ihe

failnre © renlize Sl limited eonclusions that ene can draw about the orien-

o e olee raphie dissetion from measurements of eihers. In

o Lhe orlet dntion of any ten ox

w1 1 .em 1
LELL WalBL Bl wta a

el i-

Fowitl a odise

i e ortentation of all ol axws,
siibocion of erveie, oriendations, the knowledie of the orientation of the
e i Uhe @ and b oexie distribution does uot neaessacily fix the loeation
of the rmaximua o the o axis distribugon.  This enat be readily seen by

e s e thelieal digtribution in which all erystals are enmpletely
vt for ten por ot which huve theiv @ sxes i a gl

di vl et ten per eend which have their & axes at sooe obier
divection. This bvoothetieal distritation places some vestricises on the
¢ avie digtribotion, but it does not locate the maxinaim i this distebotion
o ever detersgire Chat there s a maxisnn, Oue data elearly show both
oo ectendation in the maeline diveetion waile the 6 axis s

A, Thus, it s not safe to assnme that the loeation

i iy i b s dBeteibuabion deterr ines nrenniveesllv ihe

mmas e i e o axes distribadion,

s for s we know, this '|:|*."-a-=t'l,.,f1l.1iur| repoesents the ooly attompt
TyEE ety th oention of the r,rm: ln}..u.u,.,l wrlpine Difo by musasiering
e “- e e ——

= i e
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et

aptensity of the (0021 redection,  This was possible anlv in the high

ial and ane must rely on anlepy W delermine 1 o jveaton

. while it iz not possible, in general, simply o
dheterming 1he o dpeteinbon frnn messurements of the o aud boaxes
distribut s, oy sases, eapoecislly when ore has uniedular distribu-
tipmn and bl degroes of unmﬂm.inn. one can make deductions with & fair
degren of pendidence.  Furthermore, if one meagnros the eompicte @ and

xes sbp ot s, wo belicve Ul the cssendiag information for 4h~ aulen-

wi te mvnilable.  Bueh ealoulations wil' be the
d L HORHARRE] -

W lave sno ] aelning sbet the exigtenes or oricntations of any nomorys-
talline or amorpho s tegions, Lo diseuss this question and Lo relate Goee
xovay roemsyoomente with jefrared dichroism and hirolringenee would re-

Lo o ctalimatioe and arlentation vvshaniEes el

paper,
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Rézumé

e Bt dlion de Uorientation pomplice suivant les dirertions eistaio.
proshines o ol & dans o e d'une séewe de filns bubalsines de polyit

foretion do mapport de coullinge,  Un ulilize des fgnres podsiees eodmme mode di repri-

sertating de Vorientaton ot con moneee guae Vuetilisation de disques photagraphipes: de

enelion noe rawer o covant latecknique usiells peut menes S des conclosions

o penrk die souMage a des elfets diférenbs o distinots sur

c it f hale dlensitd par sapport 4 oua flmode poly-

e e nppositiom avee Tes donndes publices anérearemeni, e

risniliata nooodrant elainement gue i om0 Griente s nrcléren tiellesnent d'uns fal;ul'l.

prrpendicuisre A ln direclion dlesctrusion. Fn prartienlier nn montee quil nest pos

pozsible de e lios Ta pimdtralitd des eas, la distribution d'enentalion axiale de
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--u-.-lll'ln-u ot 1pa Fwoes de dechivewent de fo2 filme
cernrdent aves les orienlalions des directisne eristall
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