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EFFECT OF POLARIZED X-RAY IN SMALL ANGLE
SCATTERING BY PYROLYTIC GRAPHITE
Madan Mohan Blswal

T'Inorganlc Materials Research D1v151on; Lawrence ‘Rediation Laboratofyv
Department cf Materials Science and Engineering, College of Englneerlng

Unlver51ty of Callfornla Berkeley, California

" Abstract
The effect‘Of a‘Strongly.polarized X-ray beam'in the small anglek

scatterlng of pyroljtlc graphlte (P G.) was 1nvest1gated in three dlffe—

rent orientatlons, in an angular reglon very close to the dlrect beam.

Strong double Bragg scattering-eccurred mainly fromf(0002) layer planes,:

vhen the electric vector of the x-ray beam was parallel to these planes.

"No such effect was observed 1n the other two orlentatlons. Thls shows that
"double Bragg scatterlng can be e14m1nated in certaTn orlentatlone bty using

‘a hlghly polarlzea beam in small angle scatterlng. In the ultra emall

angle region (less than 60 secs of 8), a specimen volume effect on. inten-

. sity has been confirmed.
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' I. INTRODUCTION

A good undérstanding oflthe structural characteristic of pyrolytic
1.3 - . .

graphite has already been made by several workers. ‘It'conSists of an

orlented aggregate of turbostratic crystallltes having un:t cell para-

v meters 91milar to those of carbon blacks and hav1ng L and L dlmensions

of the’ order of 100° A, 1 Guentert and-Cv1kev1ch2 have shown pyrolytic
graphite to be'a polycrystalline material with a high degree of preferred

orientation-'but with a random layer.stacking order. ‘Small angle scatter—

ing from th1s material is well known and the 1nterpretat10n in terms of

3 :

den51ty var1at1on, due to voids has been demonstrated.
In the last few years, 1t has been recognlzed that most of the small

angle scattering from cold worked metals is due to double Bragg reflectlons

whlch comes from randmmly oriented subgralns. In case of pyrolytic

vgraphite’because the deposited materials are randomly oriented in the de-

position plane in the form of subgrains, it can be_expected that an
appreciable amount of the,small'angle scattering is due to double Bragg
reflection.~*ﬁraggiand'§acker3-pointed'out that'the'excessgcharacteristic

scattering_infone certain.orientation in pyrolytic graphitevls due to the

- above mechanism. ' The above_interpretation of the double Bragg phenomenon -

bas been doﬁe with'data‘obtained;using;un@olagiZed‘eray beam. It was

the purpose of this 1nvest1gat10n to - identifyvthe orientation-dependence
in double Bragg scatterlng of pyrolytic graphite by u51ng strongly polarized
x-ray beams obtalned_from'the modern,small angle scatterlngvapparatus‘

developed on the concept of Bonse and Hart.h o

It . . "



Three diffeferi‘b orienté:t_;,i;Or{—:Of "‘;t'h,e layer ialari.és .vhave be.en-c'hosen.
As will be d‘elvh'ons_»t'rated 'in-the-ffcéitof this report, the double Bragg
5c§t£§ring exiété'pfimafiiy iﬁ#oné Griehtatibn; ﬂxhe,élécpric veétbr
_is'paréllel td_fﬁé layéf pldnés;-bgt it is'not,obsefved in other two
orienfations,-’" - |

The;sgco§d feafur§ °fithi? éxperimental_work was the uneXpected
appeérancef§ffthe volume effebfﬂin-the'smali angie scéttering aata in
- ultra small angular region in P.G. This effect predicted by Warren has
not beenjpreViously reported’ekperimentally. In order to confirm this
effect, two séparate exberiﬁenté were performed with LiF (single crystal)
and pﬁre graphite, where the:abbve volume éffect waé definitelyvdemonstrated.

: i _

The theoryydeveloped by‘Guinier and Warren6 for Volume effect must be

worked outlto fully-expiainvthesé experimental results.



. II. INSTRUMENTAL SET UP -
The}AMR eray Low Angle Scattering:Gonioﬁeter-used'for this'experi— <:.
ment con31sts of tw0 grooved perfect Ge crystals arrangec 1n parallel

p031t10n with ‘the sample placed between them.a.Theﬂx-ray beam is multiply

diffracted (slx-tlmes_per crystal)vby- the first crystal 9.n'diproduces a

monochromatlc prlmary X=-Tay beam whlch has the same phvsncal w1dth .as the

X-ray source but exhiblts an extremely narrow angular deergence(Fig l);

' The scattercd,beamnfromuthe-sanple is then analyzed by diffracting it

from the Second:crystal intoia suitable detector The second crystal has

‘the capability of 'seelng only a very narrow angular divergence, result-

ing in high resolution The multiple Bragg reflectlons, obtalned between-:

' the walls of the groove results in the effective elimlnaiion of the tails
‘of the‘reflection curve, wlth only a.slight-reductlonvln the peak 1nten—

'-sity.7' (Fig. 2a and 2§3,-The second-crystal is capable of being rotated

around the center'of‘themsample-by means of a large barrel,micrometer‘
calibrated in steps of one second of arc 6.

',The_peak:intensitypafter 12 reflection can be_eXpressedvas,;,;h'

Where, 'a' is the fractlon of" the 1nc1dent beam dlffracted per

reflectlon. For nearly perfect crystals, a = 0.98; Clearly,

Ipeak=]=i_(o.98);.xdg = o,Tan,-

Thus the peak intensity is decreased by 307 after 12 reflections. -
',f The crystals are designed to diffract CuK radiation emltted by 8 ._d
spot rather than a line x—ray source The walls of the crvstal grooves

are parallel to the (220) planes of germanlum



- A. Familiarization w1th Beam Shape for _ . ,
‘ - S1it Height Correction . : _ _ .

Short exposures of the primary beam.at the spec1men position and after -
the second crystal &t zero angle were. made. Typical'exposures are repro-
duced in Fig 3a and Fig. Lg, respectively The intensity distribution
across the'equetor.(perpendicqler bisector of'the‘primery,beam'image) of
the film‘wasfdetermined With a microphotometer of‘scahning area 2 mmX 200
microns, es-shoﬁn in Fig. 3b and Fig; hb: From-these figures,.the finite
dimehsions'of the direct beam'cross section imply & distortion of the true
diffractioh:pettern. Since»the.beam is focussed into‘a line in the plane .
of observatior"the-distortioh of the scattering pattern due to beam
width is often reduced and neglected Then the distortion is assumed to
be due to the beam height

The process of correcting experimentdl sCatterihg.curves.for coili—
metion errors which w1ll be referred as 'unfolding has been cons1dered by
several authors.8;9 For slits of negligible width the experimental
scattering 1ntens1ty F(h) for a scattering angle h, measured at a point

, (Fig. 5) is related to the perfect collimation scattered 1nten81ty

I(h) by the equation

F(h) f s(y) I «Z 2+ 25 dy - (1)

where g(y) 1s a weighting function, the form of which deoends on the

&
collimating_system. For slits of negligible width and infinite height
gly) = |

For most usual cage of a radially symmetrical true intensity dls—

tribution, I(h) could be found from the relatlon,



e

\1(h2+t2)

It is generally'assumed that the source-profile of an x~ray tube can be

described by & Gaussian weighting function, then

M)

§

‘g(y)' exp(-

)
= e ey

"p' is a constant determined by the slit height, clearly p2 1/262, A

small p corresponds to high slits and a. large p' to small slits For
this welghting function ‘one can obtain I(h) from

' 2,2
I(h) s.xP_S.?.,_l.

dv_N (t2+h2) ()

vhere, N(h) F(h) exp - (—p2h2

~and V ﬂ ';
: a t +h

Equation (3) is the general solution of the. collimation error probiem
In principle it makes possible the correction of the experimental scatter-
ing curve by numerical or graphical method _

The,function F(h) can be obtained by'microphotometeringjof the
diffrection}pattern elong the’film equatorﬂ.in.several.roﬁs, the nnmbersd
of ﬁhicﬁvis,determined;by the requirements'of'numerical integration.

The function.gty)‘can'befdeduced.by:micronhotometeriné the trace of the .

primary beem, which will give the shape of the desire function.



B. -Recoggiticnithaﬁvthe Beam is Polafizéd-
'Whénéver cfystal~moﬁobhr6matized x—ray.radiatiénfis.uéed; the beam
ié‘bar#iél;j §o1arizéd_owing.td thelrefiection'by the monochromator crystal.

A.sii times diffr&cté@_béémlis thérefore poiarizedieven more.  Intensity
ratio ih,two OfthOSQnal directions'has been derived for diffraction of the
'crjstal mgnocﬁrbmatized x;ray beam used in.this.work, (Appendix A). From
’thisvcaqulétiéhvit'is seen that the intensity in a perpendicular-'diréc— '
(z—axis)_is mu§hvstronge;_(68 tiﬁes)_than in fhe plane_ofjinCidéﬁce.__Thﬁs
_thé beam haé & étrong electric'vectpf in the perpendicular direction.
C-_.Calibratioh of Filters and Determination of

_Effective Resolving Time of the
‘Solid State Scintillation Detector

Tﬁe:ﬁﬁlfiple foii'méthod of détefmining the effective résdlving time
of any ¢ountef is reliable. In tﬁis method the logarithm of the intensity
(cdunting.rate) of crysfal;monbchfomatiﬁed x-ray traﬁSmitﬁed-by the absorhb-
ihg foi1>is-plottedgas of&in&te against. the thickness of the foils.
‘In thé‘absence ,Of coipcidehce losses this curve should be a strgight
line. Because of coincidence l§SSe$, the observed curve will.féll below -
the true curve énd the true_curve.is”aéproximated'by'ektrapdlation from
low intensities where the losses are ﬁegligible. The ldsses_are taken to
be the diffefehce betweenfthe ffue'éounting ratéé'and'thoée,determined
'éxpérimentally;_ From these differences the‘éffecfive'fesolving time’Tk

is calculated using the formula,

k . truexiqbs : - o (4)
' true “obs '
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A sériésiof'Sevenxhigh purity’filté}s with an average thiéknéé;,of"_
0.0021 cm were prepared. Then all of them were positioned in front of the

couhter'and-ébpper Ka'raaiatién was used. The transmitted intensities

_were'varied“by;remoVingvthe.filtefs one by one. The experimental values

were pl@ttéd 6n a semi-log paper (Fig. 6),-aﬁd it can be seen that the -
observed_cuf§e deviates‘f£om'a_straight iihe. ‘The effective resolving

tine, féﬁnd-§9 be 21.Q§X10-6lséc'(avef@ge), was calculatéd and is giveﬁ

in Table 1.17In:ofde:,t6'reméin Vithin:th;linearify.of the eléctronic :
counting fqﬁes, thé X-ray counting rafes was always maintainea'beléw,

5000 coﬁhts per second.



TII. TH-EORY
Small angle scattering theory shows that , & medlum contalnlng a .

random dlstribution of electron den31ty 1nhomogeneit1es w1ll scatter

1ncident x—ray radlatlon, accordlng to the follow1ng express1on,lo_

I(n) = T_(h) ¥ (1) | L (5)
Where,
Ié(h)f.si,coherent_scattering of~ohe electron

_ N"‘ = .the riumber of inhomogeneities, i'rra.dia‘t_ed"

hf_=v diffraction vector = 2m/A (% —1§O) _=v br/XA sin 6.
F) = S o) o, (r)} exp (BT av |
o(r)"és the electron den81ty of the 1nhomogene1ty at r
po(r)u,él the electron density of the matrix
.dV::=‘ the volume of the 1nhomogene1ties,'1 e. the region in

whlch p(r) is different from fs (r).

‘the scatterlng angle

20

Therefore the intensity in‘electron units for an inhomogeneityv(particle)

I_(h) = I()/I_ () = NF(n) = Nne°(n) (6)
'n = number of electrons ‘per particle Thenparticles are assumed
identical in size and: shape ‘ '
,¢2(h) = the normalized 1nten51ty dlstributionrfunction.

(1) The effectlve heterogeneitv size parameter can be determined from

' the asymptotlc ‘curves of 1ntens1ty verses scatterlng angle which shows

'tsubsidlery maxima and mlnima at angles related to the 1nhomogene1ty

dimen51ons. A useful approxlmation to the exact theory whlch holds very



well at the.leﬁest angles‘haSKBeen fqund‘by Gﬁihier;pn

-,2_ '

I, (h) = ¥n° exp(-hR7/3). . (1)
© 7 ho L : ’
where,
R = inhomogeneity radius:ofvgyration,vwithAelectrqn density.

: uSedfasathe aﬁalog Ofumass-

The approximatlon 1is always valid at small angle h, 1rrespective of
partlcle shape and permits evaluatlon of the radius of gyration even in

'polydisperse systems.

(2) According to the Porod expfession,ll'fbr*the aéymptotic curve at

‘large h : _
¢,2(h) = 2ns/v2 l‘ (8)
" h4m
'ﬁhere;
S = the‘fotal_sﬁrface'erealeflﬁhe partieles -
Vo= '#he'VOlﬁme.of:the'heterogeneityb'

The curve ln ¢ (h) versus ln 'h has a llmltlng sloPe of -3 and
ordlnates proportional to S irrespectlve of the shape ‘of the partlcles,

when slit collimation 1s,used.
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| IV. EXPERIMENTAL PROCEDURE

A Materials’

Pyrolytic graphite deposited at 2200°C was supplied bw'the Union Carbide

Corporatlon. The as: deposited densitv of the material is 2. 20 gm/cm

' which 1mplies a porosity of the order of b percent when compared with

'the theoretical density of 2. 29 gm/cm for pure graphlte |
-Cleavedg51ngle crystals of LiF-and specimens ¢f high density poly-

crystalline graphite were chosen to study the specimenuvolume'effect-in

the very ultra smalliangular region.,' |

B. Specimen Preparation

'Three:pyroiytic graphitepspecimenstapproximately of 0.13 cmx1l cmXé cm
were cut so_that the plane,of?the'SPecimen]was either parallel'oriperpen-
dicularrtO'the deposition~surface (Fig.T). »This is the optimum thickness
for which the transmiséion'is approximstely 32% for maximum scattering.
Similarlv for Ni-filtered Cu-ﬁx radiatlon the optimum thlcknesses for
LiF single crystal and graphlte are 18 mils and 56 mils respectively
For LiF and graphite four and.fivevthicknesse5jwere chosen very close to‘:'
the optimum thickness to verify the volume effect. IherLiF uas cleaved
along the (200) plane

c._*Smali'Angle Scattering

Small angle scattering was obtained bv an AMR 6—220 x—ray low angle
scattering Goniometer. Spec1mens were examined employing a Phlllps.
Standard Cu r—ray»tube operated'at 4o kv and 20 ma. ‘A Phillips SOlld
state detector, pulse height analyzer and scalar were also used for

counting. X-ray counting'rates were maintained below 5000 cps with

‘e



A | -1_1,-: o

vcarefully callbreted Nlefllters (Table 1) in order to remain rlthln the
'dllnearity of the electronlcs All data were recorded empioylng an slr _
bpath The data were corrected for background by subtractlng the scatter—fi‘
ding observed when ‘the’ spec1men was placed Just in front of t}e dete(tor, =

‘(that is. the same absorption but with no scatterlng)
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V. RESULTS AND DISCUSSION

The“dete}ﬁere ?lotted onflog—log plots as shown in Fig. 8 and 9.
It is seen that at larger angles the average 1nten51ty has a limiting
slope of -3 which is con31stent w1th theory In curves (a) and (b) the
anisotropy.in soattering is due to preferred.orientation‘ofvpyrolytic
graphite. - Experiments showed that rotation of the specimen about the .
normal to the depositionfplane geve'results‘Qidentiealvto thoseiof Fig. 8a.
| This indicates that the ithmogeneous'regions,causing the small angle |
soattering ere randomly oriented in the deposition plene as is observed
for the crystellites in pYrol&tic graphite.
CIn the small angular region, the scatterlng is: very high for the
.orientation (c) and this curve has crossed the curve (b) at h hOX1o =k
in both Fig._8 and 9. This excess scattering in curve Fig. 8(c) can be under-
stood'br reference:to Fig. lO,_where the data at small h are plotted .as
log iﬁtensity:yersus h2;. As shownbin the-theory,‘the Guinier'approximation
for.a monodisperse system of particlesiapplies at small h. Thus.since.'
 the measurements pertain to the,same volume of_the.same material, both
the ourves‘(e) and (¢) in Fig. 10 should extrapolate to the same intercept
at the origin irrespecti?e of‘orientation, This excessvscattering above
the extrapolated line is ascribed to double Bragg scattering.
As pointeé'out by Werren;lé there is s, possibility of strohg double
Bragg scattering reflection due to correlation in ‘the .orientation of the
individuel crystals. In discussing the small angle scattering resulting
from cold worked metals, it is essumed that the original crystals of

average dimensions (e are broken up into & large number of small subgrains
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with slightly varing orientations.’ The'diffracted beam from one of these

subgra1ns then traverses an average distance (D )through the other subgralns
of the orlglnal graln._-Slnce these subgralns all have nearly the-same
orientatlon there is a much hlgher probablllty for a second reflectlon

in other subgrains; In pyrolytlc graphlte the crystallltes have layer
planes tilted at ‘an average angle 'a' .awayvfrom the original deposition

surface-and because there is no preferred orientation in the deposition

. plane of the deposited material, thehdouble Bragg scdttering will be

posSiblejfrOm (0002) planes like cold wbrked-metals; - As shown by Bragg

and.Packerl3

the orlentation d1str1bution of pyrolltlc graphlte is essentl-
ally exp(-Ka ) with KNS for 2200°C depos1t10n and the fraction of crystal-
lites hav1ng;normals or1ented~at an angle to! relatlve to the depos1t1on
plane is cos a/2 for random orlentatlon. B

" Thus referlng all angles to the normal to the dep031t10n surface,

with x-raysbeam having the electrlc_vector'parallel.to the layer planes,

 for Fig. Te, the,relatife orientation is,

e [ sx<1383""> ]

o (k) O 0063 Lk erie

T oina = Sin(13:3) =t T 6:6;t1mes random.
. : V_ﬂqiﬁ—zyf—e T

2 .
In this case 'a' is taken ) corresponding to (0002) whlch 1s 13 3°.
For the’ other two or1entatlons, Fig. Ta. and b w1th electric vector

Perpendlcular to the layer planes, the relative orientation is
exp[ 5 x{ OlJég 3)1r§ R '(,, | e L |
: T = _eJ_(P_:Q_ = - L
cos O 2 ‘Zos 13.3 ?-ShXIO ‘times random
5 , _ L .




Thus the degree of randomness for the orientatlon in Flg 7c is much

 higher than the orientations in (a) and- (b) Therefore it can be expected

that a strong double Bragg scatterlng should occur only in (c) and
essentlally none in (a) and (b).- Secondly, if we compare the shape of -
the three‘curves,-(a) and (b)-are emroximately.similar whereas curve (c)
is qulte dlfferent from them- which is due to double Bragg scatterlng
By uslng unpolarlzed beams double Bragg scatterlng, whlch was due to
the.horlzontel electricvvector~of the-x—ray beam, was observed-in the
orientations(b).s'-But in this experimental'work, double Bragg scatter—
ingshas been.elininated in this orientation'by using ahStrongly polarized
beam;d' | |

In the:nltra snsll angular region the unenpected increase in
scattering 1ntensity was observed whlch did not obey the Gu1n1er approxi-
matlon.' Assuming th1s to be due to the volume of the specimen, two
experlments w1th L1F (31ngle crystal) and pure graphlte were performed

and the results are shown in Flg 11 and 12 In both the spe01mens, it

was found that with decreese in thlckness with spec1mens beglnnlng above,:

the optimum thickness, the intensity always increased in LiF, contrary
to what.wouldfbe expected;vFig. 11, i.e. it should decresse with deCrease
‘in thickness; However, in'the oase'of pure graphite,.the intensity
increased with decrease in thickness up to 60 secs sf‘e, as intthe case
LiF. Thereefter it increased»with increase in thiokness. These experi--

mental results can be c.iearly,unde'_r’stood tgking into account the.volume

effect. In the case of graphite, the increase in intensity with increase

in thickness, in the large angular region'was duerto small angle scatter-

ing by'voids; and the volume effect was negligible. But since the LiF

G

¥
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(single ct&éﬁél)ididshof‘gifé_any measurable small anéle'sc&ttering; the

curves did hpt'cdnverge} 'Furthermore the-Gﬁinief'approximation was not
valid in‘théfuitra small éngulargreg;on,'which'shows that the increase in
scatteriﬁg ﬁgévdue to-volumefof the specimén; | |
Theorefigglly an expréssibn ﬁaé.dérivéd'by Guiﬁier féking into account
the Fraunhéfgr'approximation where the'v‘ihteknsit‘y is stated to be directly
proportiongliﬁp the square of fhe volume of the materiél,lh but bur'résults
démonétfatéf&bat-thié,is not true. Later on, Warreﬁébdinted out that the
intenSify iﬁ.fhis small angular region cbserved in'préétice reéulté from -

Fresnel difffaéfion; which.iSRCOnsistént_with our experimentél'resulté.
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 VI. CONCLUSIONS
In ﬁyrblYtic gféphite, douﬁle_Brégg scaﬁteringvﬁa; Been ébserved N

_when-thé'eléctriczveCtor was- parallel to thevdépq$ition'pl§n§; Nd.such
‘effect ﬁaé'obsérved in dther'twovérientétions. Thusg'it ﬁﬁs found fhat
" double Bragg scattering can be eliminated.in1certain orientati6n by  :
‘usiﬁg poiériiedrbeamgb | |

In the'§éry sm@ll angular‘region, an appérently‘anomalous increase -
in scattered“iﬁtensity was found té-Be'due to fhe Qolume of thevmateriél,
which most likely'is due to F?esﬁel_diferCfioﬁ instead of Fraunhofer
diffrdctionj. A theory must be worked out to stud& and correlate this

effect,'
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" APPENDIX A

gWhenlg x;rgy neam st}lkeo:thej¢e_cnyetal plane, if.ie partially
polarizedioniné]fo nhe;feflecfionvby;tnercrystal.:,Considefing fhe
'intensity_of'anvunpolarized-beam‘as‘the sum:of tﬁo equal perts_due to
independentlcomponents in two,ontnogonal'directions of polarization,

(Fig. 13)11'

VRer®  I. = intensity of the unpolarized beam
'p' indicates the component in the plane of incidence and 'n' is the
component perpendicular tocit;v_Using the amplitude of the optical field,

equation (1) can be written as:

A : l/? E2_;=_;E§ - Eﬁi o o S _1(?) |
Taking the p' component first thlS component 1s reflected by the
Ge crystal plane at P, (whose normal Ny lles in. the xy plane) along y
direction: (also lylng in the xy. plane) which is inclined by 26 to y

v(Fig. 1k4) . After reflection the 'p' component beconmes

where, k’#i(e?/mczr)”end conteins a1l the factors which'are'lndependent'

of the direction of.polerization. ‘This component .also lies in the Xy

‘plane and penellel to the xfaxié.i o | | o
Thlslcomponenf is next-reflected By the second plane of the grooved

Ge crystal to the first plane at the point P, along y" which is also
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inclined at an angle 26 to the y' direction (again parallel to v) because

the- two planes in the grooved crystals are parallel. Therefore, -

E" =,:k E'p cos 26 o

| (L)

k° E_ cos® 20
P

Repeating the 350ve_procedure;~efter1six.reflections,.

BT = k%8 (cos® 20)
: P D A o
therefore . . . s D
: vi =_.(EVi)2: :f'klgE 2»é0312 59 = k12E2 cole 08
ST _ _ 5

Similarly, the 'n' component whlch is not- affected after reflectlon by
the plane at Pl L SR '_'" B

g . SRS , N | (6)
After six reflections,

i o_ L6

B\ P
) n’ . i n - .
U s (1)
IR AL - _(EYI)Q =-’k12E2' :

n - ’n T o

.Taking the ratlo of (7 and 5 and substituting the value of 26 = 45.3°

for Ge (220) planes,

o k12 2 o | '
i 125'2:0331é= = =8 (8)
I, KT Ej cos 26 (cos 45.3)7° '

Equation 8 shows that the intensity in:the'perpendiculervdirection is
68 times greater than'the inteﬁsity inﬁhdrizontel direction.  Thus a
highly polarized beam is obteinedfafter 6 reflections, having electric

vector parellel.to.the reflecting'planes.v
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FIGURE-CAPTIONS‘

3 Muitiple feflectionfwithin»a groove cut into a Ge crystal.

The beam is agaln parallel to the prlmary beam after six

' .tlmes reflected within the groove.

2(a).

2 (;b'-) .

3(#).

3(b)'."

k(a).

L(b).

5.

6.

T.

~,Calculated rOCking»curVe_fcr (200)'refiection in Si perfect

crystal Five-consecutive Bragg reflections yield much

steeper reflection characterlstlc R5

,‘Observed,rocking curve after twelve reflecticns_from Ge

crystal w1thout any specimen and at zero angle of 26

Small angle scatterlng photogram at the spec1men pos1t10n

.which shows a strong line 1n‘the eenter with gradual decrease

in intensity in both sides o the strong line.

Inteneity distribution across the equator (perpendicular

" bisector ofethe primery beam image) of the film. This is

determined with & miércphotomefer'of scanning area 2 mmX200

micron.
.Small angle scattering photogram at the detector pos1t10n
ﬂInten31ty dlstrlbutlon across. the equator of the film at the

‘detector position. Thls is ‘also determlned with a micro-~

bhctometer.of scanning ares 2 mmX200-microns.
Trace of the prlmary beam on the fllm P is the point on

the film equator

-Intensity versus thlckness of the nickel fllters.. Liﬁearity '

can be malntalned within 5000 counts per second.

_ Three pyrolytic graphite specimen having different orlentatlons

fwith x-ray beam. The basal plane in (a) and (c) are parallel

tc electric vector whereas in (b) it is perpendicular.

oo
|



Fig. 8.
Fig. 9.

Fig. 10.

Fig. 1Y.

v;23_

‘Log-log plot of gméll\@ngle scattering curves in three diffe-
; réﬁt drientations.' Thickness of the specimen is 0.130 cms.
' Log4log plot of. small ahgle'scattering-curvés in three diffe-

Areht'érientations.- Thickness of the sPécimen is 0.125 cms.

Guinier pibt”fOr the orientations (a) and (c) from Fig. 8.
'Eicess scatfering‘above the dashed line is due»td double
Bragg scattering ih'curve-(c).

’Séaﬁtéring_ih'the small angular region in LiF single crystal

“with four different thicknesses. The scattering is due to

vdlume of the specimen and the scattering increases with

Qecfease in thickness.

Fig. 12. Scattering in the smell angular region in graphite for five

‘.different thicknesses. ‘In this case the scattering increases

- ﬁithfdecrease'in5thickness in small angular region. -

Fig;i3(&);
(b).;

(e).

A

A

" The electric and magnetic fiéld vectors of a linearly polarized

x-ray wave lie in two orthogdnal'planes.

Only the electric field distribution is used for describing

the state of polarization.

Reflection of'polariied x;ray}~'The'two Orthogonél components

’“afe oriented perpéndiculaf and parallel to the plane of
: incidencé‘and denoted;by subscript;inf'ahd 'p'.

Fig. 14.  “-Intensity of the unpolarized beem after reflection in the

first plane at' F, and fhen'again‘atithé second plane at the '

point P,. R
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Fig; 3(a)
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any. of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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