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Moire Fringes Produced by a Point Projection X-ray
Microscope
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Muolpé Fringes

mesh art demonstrated.  Begular systeoms

idrographs of prisnted collolosie strootares neay wlsa b moled Crigpzes
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prodused I soft X-rav= possiie throngh, eiodsnd geatings of fne win

of ‘hands appearing superimposeed on  radios

These friness ool

Laer Fowrpmee] biv - f1helllnte strietyres setlye ie orossed difemetion cenlbes,

1. Introduction

[0 thie ~|||1[|[r=ht nre most fomilinoer cese  moied
observed  when parallel, Tairly

(ringes. are twi
conrse, bae and slit gratings of different piteh pre
held botween the eve and an extended source.

When the gratings overlup, the wide bhars shown in
figure 1a swppear. Superimposed griings of equul
piteh will also produce o moiré pottern when given
At angulnr displicement about the noomal Lo the
plane of the gratings s shown in Beare 1. There
wre, of eourse, miany Ly pes of eratings whose ringes
cantot be observed in this way, especially i the
erafings nro of Hne pitel.  Moreover, molré patterns
poritainme contrbutions from both of these basie
types are often encountered ag well ng complesitios
arizinge  from grating  Treeedlprities aod  gogolir
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Moored Jrongen om, Ehe sigper sight gaeefrond for o
Iy Monekd rulings of oiffiesnd  pitoh
wighl ||r-'|lI|I'u-|'|'||I Ja

iheplocements other than those mentionsl  previ-

ously.  The designncion, woird, is derved from the
effotn produced by the Tabrie of the saine netoe
when two |:il1|'ﬂ|'$ AT I contaet,

Ravleigh [1] ' wus probably the fimst to recond

u-l:wn ationg on o stmple aeeangemeat for prodocing
moirtt fringes gnd 1o indicate the relstionship be-
I'ﬂ.l*t-n the spacine of the ]Jtmlul VorriLines b S
ing of the parallel bars, and the mutasl inelingtion
of the two oTNLITEs of the set .I.II recon b YenTs 1|.Il""|t
frinmse hnve been siudied intensively ag part of the
diffrnction  grating  developnient  progeam ot the
Notioral Ii-x-nurl -l-nmrnr}_ andd eharmeteristies
il np slieations have been Fl]'l'-l‘!lh"ij i erinl deta)
by l..iuiLi (2], Eleslron microsdopiais hnve olso bheen
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:||-]-- L{p ||:i|iL|r |J|nI||" J'i'iu_u:p— in ||Ir' determintion of
cevatal lattice parameters, Overlnpping thin crys- |
tids gotoms the gratings to produce [ringes, which
Iy he  exmmaned  and IJ'-I.".'I.‘EUJ'I'Il ol |1i',,:ll minge-
nifiention (3]

Moird fringes produced by X-rays, however, do
1O appear Lo have Biben notod or atilized in _\;-I':J_'-
optics. This paper demonstrates their formation
and their simlanty to fnnges produced by Tighi
with the soobe pralings,  The ose of such [ringes Tor
elucidating strocture in point  projection X-rey
icroscopy 18 also indiented,

2. Equipment and Materials

The first procties]l Xemy poing projection micro-
SOOPES Wiere !|r||4|l|+'4'|| ovier oo olevadde nird |4 bt thetr
nvallnhility ling boen I".\]||'I‘]HI'[} linited ntil Chie
st few vears. Al of the ohservitions to he de-
sorthed  [ere were  munde using electromwsenetic
miierofocus tubes: Ao instramenl desienied by Long
[4] having only an objective lens was used in the
early work A commercially  produced, two-lens,
Xoray microscope wasd used for the subsequent
FRNT IR ions, Both instruments were fOtted with
'1l|||w| ot aluminuim thrgets ad Cpheary nted wt uboi
1A kv and ot not miors fhan 20 en

T'he fibers wore obtomed [rom the rollection of {he
115 Department of Agriculture, Burean of Plant | Fianm 2o, Siluer wiih QRN ariien o) foldad bl
Industry, throusgh the courtesy of Flion (G, Nelson. P i L Kl

| sl b L e Ll powked i iesn

3. Observations

'[1-1 1]1'l|':'|nsr|4- il |JI'.|r'Ii1'|Li:iJj1\ i rullllill:: oI
fringes by means of X.ravs, some conrse prolings
wern observed 1 the X<ray pont projection micrp-
-""1'|I|!'. .il. !]i.l"'l" ‘U[- !‘Jl"'I.l.‘”'.l'.'{.ll"‘i]“"‘i "\I|J" Ll {:II:H'“' hll‘-.-
mige 1000 wires to the meh owas Tolded on iself so
fhit thee wrres o both diveciions were nearly parallel
This grraling system when examined with o low powet
ligrht. meroseope produeed the brond moiréd pattern
of cresged bine shown m fguee 20, The Tolded Talrae
wis Lhisn ||Ju-'-l|] i ghort diztanee Troon (s Linrrol sl
g mieroloens tube pod the projected smaee of the
fbric was photographied. 1§|1|.11| frinpts agiin mp-
pear in the image producxd by the X-ray bonni s
soen i fignee 2b, © The pattern was visible using
pither copper or pluminum radinstion |I|il the won-
{rast in Lhe radioo .'I.||iL wits highor with the Iatter
stall difforenees 1n ||I!' pattern nee due to displacing
of the ||||'-\|| while it wns '|r:'-||ur {ronslorred Tor pe-
oording of [he two insees Bul the penomd outlines
and dimensiong of the fringes ave quite stmilor.

A phienonieno which TN bir relutid to the noird
(ritigee fovimation was noted in gpecimans of falan istd 6
L Agane lecheguitbo Torr. ), o lead fiber vsed in cordage
The radiomierographs of wany specimens displayed
||||.|-~.'I.u1|'\--' ||'|r|1{||1j_ of i HIIt|HI'—-II|""J'¢ I|"'Ir|nl' Tk b
The mersmend |u|'1nm~r| the h|.||1|- Wiks ||.=-1:|||||-. elosi
to Lhe Lt of resplution aof the pieroseope —somnme 2
or 4 g Banids were not present anifermly over the
ertire fibor Bundbe but woold appeie in putehes often | e vnbioeaph e made af stlebiy Bbdior signlfieation ysti e dapiign

. ¥ - TRl B = (T gy ISRy Hilzhe & e | g VPRl it vorsesth iy by LIEHE B LIELT B
hundreds of aguare microns o extent, The mdi- T e o s o s e it
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widunl bands seemned to have only a mtler nebulons |
relntionahip with sinele fheis i e Borsdbe s nsu-
u|_1'|.' extended ovir the dinméters of sovoml of thosa
eorponenis us shown in fivures 30 and 3h,

Fhe steuetore of the cell wulls of higher plunie are
'I.|||'.|_.| ]\IH‘".\.”_ I'il“" rl' I!H" \'n.l,”h. "l[ I;lllll"n |ﬂ| hnl:”[ [ ].
aned Hoek {8], as well nsa host of ot hers too nmierous
booeite here,  From these stodies it would oppean
Pt the ondy stroctora which vould be correlatod
with these |u|||'||||1'] barz are the spiral windings that
foem one of the outer layers of the cell wall,  This
windime eonsists ol o fibeillnte threwd, o fow lonths
oo mieron 10 dinmeter, and make o -11-1"[l |||||_|i‘
witl thi fibor nxis. "‘"ITIH' the wandinge could not be
resolved dirpetdy by oither mstrument 0 oieht be
nasumerd] that '.l.'ilullill_'_ﬂ'n in I'FT'II'III!'!IHI:‘ sides of fibers or
witidings on wdjacent fibérs weme pefinge a8 ermrings
Lo preduce the eilect.

An alternative souree of the bars could be gritings
conststing of 1hie |1]1|:|"|I| wrnllel to the filer s
vielling rotation moird Yeeause of the varinhles
inlierenit i sueh o 1_r|‘||i1lrr syster, however, it would
e diffiendt to determineg the importindce of eacly of
thie basie patterns in the fringe formation.

Fhe bars wers naob exhibited by Glors anch nz flas
(e st isat e 1o ) ool eatne 8 oelimeran o

ihoy Gianel) which peossess two winddings spitalling
in different divectione.  Spieings were obseryed in

i ombiee of apuves, 0 hetnp (Coannaebis sadiva 1)
aod i fiber feor o lolla sponge (Luffa sp), all of
whieh hove ooly a-sinelo peviphoral windinge: |

Staining the fAber structure by precipitating gold
or sitver did not eontribute to the resolution of the
bonds.  As far bs enn be deterined instrmmentolly
llll' ||1l'[||[ i!: IJ_I_'I“'HI.I!"II r?‘l.il'l_'- ||I:h|||]|_t'|-|'|H'1|'||."-i1|' i[l 1||I'!
muirnx.

4. Summary

Motrd fringees are readily formed by o browd bheam
ol -,\--ru.\':-'. Theso h']llf_{ih mny bz s miel T :'l.‘-ﬁ'l'-ufillg
ateuelune helow the projection imasine powet of the
=Ty tnderoscapy |
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