
COHERENCE LENGTH, COHERENCE WIDTH AND THE

HELIUM ATOM MICROSCOPE

I stalt this cliscusion bv cluoting the fir-st feu'sentences l:T H. \I. \oung on page 90

of his book "Optics and la.sel's" It], to highlight a fen'poiuts t'hich can resuit in confusiou

l'ith resl:ect tr: the coucepts of coirelence:

" Urrtil 11o\v, \\'e har-e alrta;1-s assumed tight to be courpletell' coheren,t, iu the sense that,

anf iutelferellce expeliment resulted in higl: qualiti' interfer-euce fringes. In geueral. this

is not the case. except rvith celtain laser solrl'ces: the light from most sor.rlces is saicl bo

be in,coh,eren,t, or' Tta,rtiolly coh,erent. \\;her: conditions are such that ligitt is incohet'ent.

it is not possil:le to detect iuterference effects. A cliscussion of \\'ar:e optics is iucourl>let'e

r,r'ithout consicleling the conditions that must exist for an intelfereuce exper-irnent to l>e

pelfornred successfulll,'" .

Athough there is nothing strictl"v \'\'rong in the above cliscussion, I beliete that to onll'

cliscuss the concept of coherence u,ith respect to the narro\v l'ange of expeliurents invoh'iug

iutelfereuce fringes. as is oftr:n cloue in text books. can lead to a, ruisunclelstaucling of

it's general releva,nce to 'nrase experiments. I n'ish to therefole start b-r' emphasisiug that

the concept c.rf cohelence is applicable to all expelintents invoh'ing \\'ar:es, illespect,ive

of u'hether interfelence fi'inges are genelated or uot. Secouclly, I feel that to aclc;pt the

clefinitinn of an interfelence experinrent as onl1,' one in l'hich fringes are obsetrrecl cau alscr

leacl to clifficulties iu the unclerstanciing of cohelence. The fact is that the resuits of ever'-r'

rrare expelinreut ale due to interference? again ilrespective of t'hether fringes a,re Present

or not. Thus the effects of interferel]ce a1'e alu'a]'s detectecl iu au ex1>erirnent, r'egalclless of

rvhethel the illuminatiou is coiterent or incoherent. The cpralitl' of achierecl expelirnental

lesirlts hc-rrveleL, clepencis upon the details of the rtar-e iuter-ference ar:cl ma-r' incleecl clepend



uporr the cohelence of the r-acliation fielcl. but not necessarill' so as n-ill be later shol'ir

thlough example.

\\:ith tlie abole ler:ra:.'lis in miucl, the impoltant cluestion to l;e ansn'erecl then is:

" \\rha,t cloes the telm cohelence actuaily mean ancl rvhat effect, if auy, cloes it have on

tlre clualitl' of lesults in a given ex1>erimer:.1 7 " . Cohelence effects a::e usua,ll1' 1>altitionecl

irrto trro classifications. tem,poral ancl .sqtati,al Spatial cohelence (or cohereuc.e u'iclth)

is clefinecl to be a, measlrre of the effects of finite-band u'iclth of the lacliation fielci on

expelimeut. Tempolal cohelence (cohereuce length). on the othel hancl, is a ureasule of

the effects of finite solrrce size on the momentunt lesolr.rtion in a scatteling ex1>erir:rent ancl

clepencls also on th.e source to target clistance. That is all all thele is to it !! Cohelence

is just a corn-enient t'a1- to speak about the effects on experinent of finite soulce size

aucl of fiuite bea,m bancl ii'iclth. Nothiug l]rore ! The inpoltaut point to note is this: If,

frl' a giren experimeut. the lesults are inclepenclent of source size, then spatial cohelence

plal's no lole. If the lesults ale inclepenclent of the degree of beam ruonochlomaticitl.

then the tempolal coherence of the beam plart's is unimportaut. Coherence is thelefole uot

uecessa.rill'a pl'erequisite for a goocl expeliment !! Here ale some cor:crete exa,mples:

EXA\{PLE 1 : \{AGNIFYING GLASS
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Clonsicler t,he case of an aberratiou free lens usecl to iniage a, sulfa.ce. A lens has the

ruricSe prtpeltv that all imagiug particles (photons iu this case) leaving a palticrrlar'1>oint

,



ol] the talget al'e ulal)i)eci outo a nniriue point in the image platle. it'r'esPectir-e of tireil

lrgneltunr lc.aling tire sr-rr-face (assuuriug, of cout'se. that thel'llass thrcrugh tiie lcus).

T[r.rs the 1>osition of t,he illurninatiug light sor.11-ce. or the finite solicl at:.gle it subteucls at a

p6int 6u the talget (it's finite spatial extent). t'hich togetirer inflrtence the angles at ri'hich

scat,lerecl palticles leale the target surface, do not a,fect itlage lesoiution. Futhertuot-e,

to the extent that the lefractive iuciex of glass and her:ce it's focal length is practicalll'

coustant over the visible spectr-uur, the reSoiution of the uragrtiff iug glass is iuclellencleut

of the u,arelength of the ilh-rmiitating laciiation. In other n'orcls. the lesoltrtiou of the

pragliff irrg glass is ildepegdelt of both tlie spatial ancl teurporal cohelence of the racliation

field.

EXA\IPLE 2 : THE FRESNEL ZO}[E PLATE
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I1 this example. a, Fresnel lens is used to irnage a. sulface. The argr'rnrettts ale es-

seutialll' the same as altove except tirat fol this palticula,r lerts t]'pe, the focal length is

str.olgl1, n,ar.elength clepenclent. Thus the illuruinating radiation must, be highli' tttt)rt<-rcltLc-t-

ruatic t9 ensur-e goocl image lesolution. In otheL u'otcls. the r-esolution is iudel>encletlt of the

spatial co[erence of tire illuruinating racliation. but strongll'clepenclent upott it's tetnporal

co[erence. Calculations [2] shon'that the requirecl beam mottochrouraticitv to olltaiu goocl

focrrs n'ith a, Fresnel lens is given bt the expl'ession:

,\
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l'hele ri is the numbel of r-iugs ancl tn the olcler of cliffr'actiou itnage.

E\A\{PLE 3 : SLIRFACE DIFFRACTiON EXPERI\,IENTS
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In this example the target is illuminatecl bv cluasi-uronochromatic racliatiot: cleli'i'ecl

from a clistaut r;.rasi-point source of lacliation. Here both the fi,nite banclt'iclth of the

illumiuating racliation and the finite source size conspile to slllear out the cliffraction pat-

teLn mea,sulecl at a clistant cletector. Thus the clualitl' of information obtainecl coucerniug

the ta.r'get sur{a,ce, n'hich is clerived frour the cliffractiou pattern of sca.tterecl ladiation, is

strongl-r' clepeuclent on both tlie spatial and teurporal eohereuce of the illuurinating racli-

ation. The minirnunr spatial seiraratior: s'hich can be resoh'ed in the target, due to tlie

combined rnomentum cleglacling effects of both finite source size and finite bearn ba.nd-

rvidth, is often leferred to in literatnre a.s thg "transfervvicltlr." of a palticula,r instrurneut.

COHERENCE LENGTH - \{ATHE\IATICAL BASIS

Ct1lsiciel a u'aletra,in of fiuite bancliriclth. It cau be lepleseuteci a.s a, supelpositiou of

halmonic ll,arres of difelent t'aselengths ancl diffeleut lelative phases. Let ) ancl ) + d)

represent the extrenle \1'alelengths of it's frequencv l>aucl. Consicler first a point in space

vr'here these tu'o cor:r1:oneuts a,r'e in phase. As clne proceeds a$'al' from this point aloug

the nrave plopagation clirection, then tire tn'o components become progressively utot" or,a

r-rf 1>lrase rrutil after a distance 1". clefinecl as the coh,erence lengtlt, , thel' are 180" out of

pha,se n'ith one another'.



At tiris point:
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The interfelellce pattelu at the image plane

at augles giteu l.ri'the expressioir:

! is a co-r20 function n'ith
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the follon'iug expression:

COHERENCE \\IIDTH . I{.A,THE\IATICAL BASIS

\\;ithout going through a rigolous analysls of tire ploblem. I s'ill briefl1' clescrille

ho*, one cau delive a fnrrnula fol coherence u'icltir eurrl u'ha,t, releva.rtce it has to atoru

scatteligg exper.irlents of the sort performecl at the \{PI, Giittingeu. Clonsitler: the tlottble

slit ex1>er.igrept ch,arvu below, r,here a point sorrrce is used to procluce a, series of iut,erfelence

fringes upon a ciistant scl'een'
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Supllose tlie 1>oint sol-lrce is notv replacecl br- an extencleci so1l.ce. Eac6 i'fi'tesi'raj
Iegion of the extenclecl source ti'ill procluce it's ol,,n co.*29 pattel' sSiftecl *,it6 r.espect

to all otllet',s' The proltlenl can tiren l:e vieu'ecl in two \\,a.\:s. The fir.st. to a,sk u,hat is
the Draxiu)LtlL] sotll'ce size 5 pet'urissible befole intelfelence fi.inges beco'le co'rlrleteit.

rtuollselr-allle. Tile seconcl. n'hich I shall norv llel'sue. is t,o ask u,hat is t6e rnaxi''u'
Pelmissillle sPatial sePalation bets'eeu the slits. fo:.' a giveu sonl.ce size. if tjre i'te'fel.ellce

fi'inges aLe ttot to lle corlrpletel,r'srtteal'ecl out (r-enrernbelin6i t|at t5e flilges l,eco're r]r()re

sp::eacl oltt as the slits becon:e closel together'). It can be shon,r: [1] that tire maxi''r*r
llelrlrissillle slit selralatiou to satisfr- this lecluirement is gir-en br- the folnnla:

d": 0.16 ) r

So t:utch for the double slit expe::iment, t,hat lelerance does this a1all.sis 1a'e to
helirttu scatteliug expe:'iments ? Clieallrr. the results of the above cliscrrssi.* are the same

if the slits ale replaced ll'tn'o ir:fintesirnal 
'ri'rors (supeliruirosecl ulro' ap a5s.r.5i'g

irackgrouncl) ancl the pattenr ol:setvecl at the sollr-ce plane (neglecting the slrall r.egi..
aloutlcl the source)' This tlteu replesents a sir::ple moclel for a scatter-ir:g expelirlegt.
tl'ltere $'e seeli to lesoh'e tn'o object's ou a. surface separ-a.tecl b1'a clista'ce 11. Of co'r.se

atorn scatteliug mea'strrement a.re not normalll, performecl at no1lra.l i'cicle'ce as i' tlis
exaDrple atlcl so the ab<-rve exPlession has to be moclifiecl somen,hat to accotr't fo' this fact.

Nevertheless. iu this siurplemoclel. takinga,soulcesize d : .J r,,i. ) = 2 J a'cla so.r.ce

to screen clistance z : .25 ???. \\:e or:tain a spatial correrence d. : 160.-1. This ureaus

that in this exarlple. onlt' stlttctures on the target surface of spatial separ.ati'r r/ less tha'
160 'l can be resolrrecl clue to tire mixing of phase infor-matir.rn lesulting fi'or' the effect of
finite soulce size.



'",
The concepts of tempc-,r'al ancl spatial coher-ence ale con\-enient n-ats of talliiug about

the effect, on exper-irnent. of fir.it" solrl'ce size a.ncl the finite bancln.iclth of the la.cliation

fielcl geueratecl. That is all. The bearing these quautities harre ol the lesults of ex1>eliment.

if an1-. is highll- experiment clependent ancl must be assessecl inclividualiy 11 each palticulal

ca.se.
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