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1. A continuous transition from the wave optics to 
geometrical one can be achieved with the help of a wave 
packet the dimensions of which decrease with wavelength. 
This approach gives no difficulties for the case of e lect ro
magnetic waves but is not comletely satisfactory in the 
case of massive par t ic les as it is impossible to construct 
the nonspreading wave packet within the framework of 
canonical quantum mechanics ' . In this connection many 
attempts a r e undertaken to construct the packet with the 
aid of different t r icks going out of the canonical forma
lism 2 . The present note is dealing with one of such 
attempts. 

2. For a free part icle moving with velocity к (in what 
follows time t is supposed to be linked with the real 
time r through the relation t-hr/m, where m is the 
particle mass) we postulate a wave function in the form: 

-<l I Г*- $ I I •? - • 
• i •* . \ e iк r — iOJ t , . , 

с ( r , t ) - с - — — : ; " с > (1) 
г - k t 

' ' 1 2 2 
where c» v/q/2i7 is the normalization constant, &>=4(k-q). 
We will here consider only the nonrelativistic case . After 
the Schrodinger operator (i -4— + у А ) operates on the 
wave function (1) we get 

( i - i - + i -A)0 (? , t ) — 2 u c S ( r - k t ) ^ , (2) 
д t 2 0 

ikr— id I -» 
where \ = e . Therefore the function ф ( r , t ) 
can be regarded as a solution of equation_(2). When exter
nal fields a r e present the function Ф (r, t ) obeys the 
following equation 
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[ i | r + ^ - A - ^ - u ( 0 ] ^ ( M ) = f ( r " ; t ) > (3) 

where X- u(?) is the potential of external field multi
plied by the quantity m/h2 , and the function f(?,t) is 
defined by the same equation (3) and by the asymptotical 
condition requiring that for t->-«> the function ^ (M ) des
cribe the free particle moving along a definite straight-
line path with velocity k"*, i.e., that it coincides with (1). 
Thus, on the function f (r', t ) there is imposed the follow
ing condition: 

-• ^ 

Kir. / ( r , t ) -= - 2 ! 7 c 5 ( r - k t ) e . (4) 
| -> — oc 

It is stated that eqs. (3) and (4) uniquely define the function 
i/r (Г, t ) with the asymptotic behaviour (1) for t - . -« . 

It can be shown that eq. (2) allows one to introduce 
the usual quantum-mechanical expressions for current and 
density. This has not been proved in general, but in the 
below examined case the probability conservation law is 
fulfilled. Note also that the condition (4) makes equation 
(3) dependent on initial conditions. And equations dependent 
upon initial conditions are employed in physics 3 . 

3. Consider next the reflection of a scalar neutron 
by the plane z = 0 restricting the half-space z> 0 with the 
potential u=UQ = 4?rNb, where b is the amplitude of 
scattering on one nucleus, N is the number of nuclei per 
unit volume. 

Let us expand the function (1) in the Fourier integral 

, .-> . 4 i 7 C r d 3

D i (p + i t ) r*-Uw + p k ) i 

The axis x* is taken to be perpendicular to к and z 
axis. Then 
and obtain 
axis. Then we integrate (5) over p denoting p =(p ,p ) 

-» г d ft. - p | x | — Kai + p* k)t ., . 
0(?.O-^_/ —Ье * 2 i/(r,t,p). (6) 

' 2 7Г p 0 2 

4 



where p x=V4 +P2 a n d '7(H r > t 'P2 ' = e • W h e n 

a potential is present the integrand will contain the func
tion J/ (f\ t ,p) of the general form, for which the function 
r/0 plays the role of an incident wave. Substituting (6) 
into (3) shows that j/(r*,p) obeys the equation • 
[ 1 - Д - 1 - и о 0 ( 2 ) + ( и + ^ к ) 4 р , 2 - р ^ ( х ) ^ ] - , ( г , р ) = 0 , ( 7 ) 

where <9(x) and e(x) are step functions, such that for 
x>0 0 ( x ) = f ( x ) = l and for x <0 <9(x ) =0,f(x)=r-l. Since 

the potential does not depend on x, and so does щ „ , 
equation (7) is readily solved and we find 

ч(г1рЫе , ' r '* +R(Q B)e 1^' r" ,]<7(-2)+1(^)6'Ч' Г в(г), (8) 

where Q = ( Q y . 4 a ) = P 2 + k , Q ' = ( Q y , - Q z ) . Q " - ( Q v . Q ; ; ) -

Q > sign(Qz)VQF-u0. R(QJ-(Qz-Qz ^ Q ^ ' ^ -
T ( Q z b 2 Q z / ( Q z + Q ; ' ) . 

2 2 
Substituting (8) into (6) and (6) into (3) gives for q « u Q « k z 

f(r\t)= -2T7C j [e ' S( r-kt)+R(k ) e ' k Г S( ?-k" t)]6(-z)+ 
Z 

+ T(k J e ' ^ f f - k " ! ^ ^ ^ ' * " , ( 9 ) 

z 

where к, к ', к " are connected with each other in the 
same way as 2 Q , Q \ Q " -

4. When к х< u 0 , and as above q<k z > from (8) and 
(6) we obtain the following: 1) the conventional Goose-
Hanchen displacement 7 i which exhibits itself in that the 
path of reflected particle starts under the reflection 
surface at the distance ;? =2/k z ; 2) an effect which occurs 
only within the proposed here scheme. The effect is as 
follows: Despite that k 2

z<u Q , there is a flux inside the 
medium. This flux is proportional to q. In what follows we 
shall assume that q-k, i.e., q= a k. Then the probability 
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to come into the medium turns out to be proportional to 
«.This effect in principle can explain the small and 
universal s torage t ime of ultracold neutrons (UCN) in 
t r a p s ' 5 / . The quantity a defined by e x p e r i m e n t s - 5 / 

appears to be - 1 0 - 3 . It means that the dimensions of 
packet (1), i .e. , the coherence length for thermal neutrons 
is ~ 1000 A. With increasing к the packet dimensions 
a re decreasing and at к - 103 A-' or at an energy E -
•40 keV the packet dimensions prove to be smal ler than 

the interatomic dis tances. If one takes a la rge , strongly 
absorbing in the range of 10 keV monocrystal i t can serve 
as an ideal collimator, since neutrons a r e able to escape 
ac ross it only through crystal l ine planes. 
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S.M.Kosheleva, Ph.Mille~, Yu.N.Pokotilovsky, A.Steyerl, 
A.V.Strelkov for support and interes t in the work. 
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