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Le®t a norochromatic, non-relativistiic bexm of porticles

(mass @, warve nuuber 1) be condined to the half space 1z« O

by means of o poerdectl;y avsording sautiter. I, at the instant
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The transicnt current (Giyt)  do the sum of two terns,
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where J = @ i the fneident current. Doression (6) is identi-
cal to tho Tresnc? T Tsoetion wotuern of 2 St?“lfhu vdugo This
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which  J/J. »nacsceo by ito classical value (sce Fige 1)e T
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T 2.7 = 10 “seec. Since times of this order of magnitude nay
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be neasurcd, this raisces the following guestions:
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1) Iz ihe “01d oifTeet ovrservadle with prescents

day tochinicuest
2) If zo, need it bo talken into accocunt in the opera Llon of ncu=
tron velecity seloctors?

There sre soveral ¢ffects, not crxomined in the preceding
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1t to bho conaldepod
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analysisz, wnlcli ou berore attenpting to give

an =snower to thoeoo cuestions. The following scem to be
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aneng the
mogt importont ones: o) Shope of the particle pulse; b) Mon-~mon-

ochroncvicity of the incldent beam

T. SLAPE OF 1THE PARTICLE PULSE

o semi-infinite wave train.
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In practicce, nowover, we always have o doal with wowve packets
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of finite orconoion. Lot uc concider the orooe in vhich the inite-
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al shane of ton hacket is o rectangulzr puloe of lengeh
b= v ot (ouch oo might be produccd by on infinitely fast shut-
ter lopt open during the tine _&t). The initial condltions (1)

are accora

e replaced by
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exp{(ilx) i -8<x < 0
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V(o 0) = L ' (3)
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The wave functions W (o=, + w2d Y1) are easily found
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and the other oynbols wetaln thoe neoning given in Bgs. (;_L) to

(5). The tronsient current is ogain o sun of twoe terns, onc of
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which noy be nesloet: &40 x> 7_5_, SAiving
oy — j_{ -1 b 2 -
Loy /vl = 5iF(u) = Flug (13)
Mo onlght ave Loon o otmoected, thio Sooddentienl to the Frese

nel diifeoaction onatto o o

Av =, vy 7 Ga/hi) T (14)

In optice, Uhoe mureidcal width fo o oscouwee of The nunber of
"Proosnel zoncot contained in thoe olit widith. Ite value deternines
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o { —5 00, the above Formmlae reproduce Hoshincky's me-

sults. Figse 2(a) to 2(7) illustrate the ovolution of the dlifra
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tion pattern az o functlon ol Au. Since Ay CecTeases cons-

tlﬂuou sly as the tine inercases, bthey nay olso be thought of  as

dez.’.vlctlrlc—': succeoaoive ctages in the neopogotion of a reetanzular
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wave p aclr:e’c .

pint 2(n) vweprosents the elagoical {(Fgeonetrical opiies™)

reoult, 4 replice of the inttial puloe, which gtorts ot
T, = /v Cooat B, 2T T N, Por u>»1  ( Fige
2(b) ), wo hove cgosentially a SUDETPOS ition of %wo independent

Matraight . edge” potterns, 1. ., Hochinslky's offcet (Pig. 1) is

ull"lpl\f repected at the biginning and ot the end of the pulsce.

For L < Au < 10 (Vigo. 2(c), 2(8) ), the pattern showo large

illotions, whicl: cre duce to interfercnce bDetween the two ed-
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geo. Theoo cocillotions are perceptible even in the “geometrleal

chadow”. Iowever, the ncon current docs not devioate much fom
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o clascical volue. Tor  Au = 1 (Fige. 2(¢) ), the wave pocket
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beging to spread o o consequoent cnplitude redace
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conacquence ol The uneertalnty orinciple. In fact, the initial
wildtn AL o tho opockot corresponds To i energy spread
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vhich beging to be impertint for Hu & 1. This offect sets a
limit to the degrec of nonochrenoticity ottainable with o veloci~
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On the other hond, the interfercnce ef

Tigo. 2(b), 2(c) ond 2(d) urc strongly shope-dependent, The oscil
laticns din the pattern arce closely eonnceted with the existonce

of “straight cdges” in the initicl pulse, i. c., with the cosump-
tion tiot itsc wisce tine and decay tine are negligible. & Fround-:
ing® of the cdges will omooth out the ogeilloticns, Thic is clqu

ly seen in the above cited
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wherce = ig the Ddnetlc energy of the inedident
: - . 2 mAnO .
For the previously given exenple of 300K neutrons at a

iotance = 5 1 m, we must have, according to (17),

Jﬂn << 2.7 2 10 “sec, which is impossible with 2 mechanical se-

lector. forning the nceutron pulses by ne:ns of charged poerticles
e Cor the worse, since E owould inercace by a

large facter. Results would be improved - by decreasing the cner-.
gve “Cold” neutrons night be obtainod by oceveral nethods (neut-

ron dirfivaction, usc of 10w\t¢mneraturo thermalizing substance,
ete.). Adnitting that a 20°K  neutron beam of sufTicicntly

high intensity oor bo produccd; this would een o gain by o foe-
tor of (15);/* = 7.5, Thc_diét;ncc wooolsht be inéreascd jaléi
haps by ¢ Jootor of 20, givdang oo acditlonal gain of (20)3/2 z
% 4.5, Thls vould brling us Go ‘fﬁ{.;g;ggiigggi it 1s stlll very

ol aethey such valucs ol the wige tine cin be attained

g R T T
vty 2 nechonics 1 —oloctor.

Cbe o enpley heavy dono in ploce

of the noutrons. For O.l cov Rb donz 2t o distance x = 1 m, we

find: Q. ¢ % 3 10 “pec.. Since the ion pulsce can be Zormed

by clectronic devices, 1t nizht bLe posogible to satisly this con-

ditione.
TI. HOI-HONOCIRCLTICITY OF TID THCIDEIIT DEAY
e dnecicdent beom will bo, dn general, @ cuperposition of
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‘Au:y-c“__er\ YLocolwpchents Laving o certnln veloeity distrd

Cee, o mrirellion Jiovwibution dn vhie coos 0f thernal neutrond,
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The resulting “didiraction pattern”™ ig then obtained by superpo-~
sing the potteras siven by (13) for coach value (or small range
of values) of the velocity. iow docg thic affect the results

previcusly obtalned?

Lot us consider vhat comes out of spervosing iwoe pattierns,

correchoncing to velocitics v and v+ §v. Tor 5v/w « 3,
the two patterns will hove practicnlly the some shaope, and all
we need consider io thelr relative ghift in the time scaole,

Thiz shift ig given by

Sto= T(v) - T(v + 8v) = wiv o~ /(v ¢ dv) 2 T(e)dv/y (18)

I we do net wont the oscillotions to be “enoothed out
by overlapning, we st have _5t &« T (for toghinely's ef-.
cet) or é@_ig*iggééig (for 1 £ Au < 10). Fron this it fol-

lows, as in {(17), thot we must satisiy thoe condition

S4/T(v) « e A (19)
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For %007 moutronz, = o= 1o, (19) giveao: 5v/v<<’x10 6.

This would Jenmnd o degree off monochronaticity which it seene
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vory Aif{ticull to  wlisin. It would hordly be of help to use

nl

“eold” neutrons, owing to tho snall oxponent with which E - op-

pears in (19); oven with 20

thon o Tacter ox wro. I, on thoe other hund, we vy to increase
L2 e . -
x 7 by o certoln fuctor, (L7) decronccn by the some faetor,

whichh connot boe adlowed, since @é Tor ncutrons ls olready

teo smcldl, s it dg. Por O.L ov Rb dcne, x = 1 1, we ©ind
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&W&ng_flﬁifiégljh which is cven woroc. Thug we cceo that we
41

connot sirnlioncously sotlefly the vocuirenonts on rige tine and

nenochroncticity crprosocd by conditions (17) and (1€). There-

] it :_ \I“ - r\lﬂrslﬂk,(\ (}?f(ECJES ill_

r noe ol present ox-

Uhat sbouvt vhe opreading offeet? Lot us ©ind out, in tho

Trco, wia tor the resion A L 1 can be attolned.
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Torcing, Ul cosn of o very good nechoniend scelector”, in

o

b I's . - '.'.-"" . 9
which = = 20 1, At = 5 w107 'see, we find: Dy 24. There-

Tore, uwowil neutron voloelty sclectore onceride in the reglon

- P . — - o - v r\?_
Au Wl o attiin Huy = 1, For x = 20 m, vith 207X neutrons,

- - o - -4 . '_'r.";! . S
woe chould boe o owate At = 1.5 x 10 Tpee. Thic woulad b G

difficult probloy, but it dg not too Tor fron what hag already
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beon done. Oa the othoer hand, for 200700 Rb dons, = = 1 0, we
P M A N - P AN - [ P o

noed AT T 1.4 030 “sec to get o Hu = 1. The tine of

1
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T1light for this oeroagouent vould be T L x 10 jsec, g0 that

)

bo nesosured with on accuracy of thoe

thic delay would huvaoe to
ordor of lOuéa Theno cre »otner gtringent reocuircnents,but they
ceern o Be  within the possibilitics off nodern clectronice
technigques. 00 course, the obove figurces ore only neant to be

1hors con probably be

Llluauwz* Ve, ond oo better choleo ol
BRI

Teldng Fon cnootod Dith Au & 1omoy bo attained, how

-
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will cho problor bo Wffeeted by the sbove offceta? Ag we have

seen, the dinitial o

i not critical. What ~bkout the non—

noncchronaticity of the dneident boean? decording to Eg. (16),
L non-uonccaronaticdity which originates fron the cuperinent,

duc te the wacertainty prineiple, io

Ov/y 3 /(I ALY o A/ [T (A7 (21)

T2 owe woath o dlstinguich the spread due to the uncertainty

R . SN D [ S - e PR ] - o L .
e to e, criginad non-nenochronoticity of
the ineddent boema, the Iotter bno to be at oot of the o e ore-
or ooty Domaer, d.ce, woe nwmaent howe: Sv/v & Av/ve In the

cooe ol our Loou o Boe, (21) thot

AV/7 2 Ted w0070 By. (21) cdse showe that Av/v o incroo-

seo by doercoging cither B orx Dt. Thus, the detection of

o

1

the sproecding duc Lo whoe uncertointy principle docs net depend
on avzth ciringoat reaudreaents og the deteevion of the interfe-
rcnc@ olfects, vue 1T otlll dencnds o highly aonochronatic inci-
dont bo i

In conclucion, we sce that: 1) ioshine
nilor drderfercize cifeets for 1 Au € 10 do not sean to bo
reccooinle o nieegent techni-vec. Obviously, then, thoy need not
bo coneidewcd i the cporwiion off noutron velocilty coeloctoro.
2) Wo Joceet the opro.d on o woave pocket due to the uncortainty
princisle iih noderrn cupoesinent L technicuoes sconms to be o dile
ricule, bLro oo poriopo o dnsupoounitnblo problen. An cxpoerinent

ol this Typ. would be very intoreosting, boih oo 2 oboservation

of o twangpient oolution of Scherocdinger's couation, "ndé ao o
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dircet teot of Helowberg's uncertainty relation.
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