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SUMMARY: - The distorsion of a wave pulse reflected by a poten~
tial step of finite height is determined and is given, in a sim-
ple case, in closed form. It shdws, that part of the signal en
ergy becomes temporarlly stored inside the potential barrier, be

fore it becomes reflected.
0*.*0*.*0*0*9

The penetration of a wave into a potential barrier
is a very general and well known phenomenon. The stationary
treatment of a penetrating wave, however, shows only that the

wave has a finite intensity inside the barrier, near its surface,
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and does not exhibit the characteristic features of the dynamics

of the penetration phenomenon. We consider, therefore, a
& =shaped wave signal which incides on a potential step of finite
height and determine the distorted signal which becomes reflected

(fig. 1).
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Fig. 1 Potential step function

As a characteristic example, we chose a light wave
which, coming from vacuum, incides at 2z = 0 on the surface of
a supraconductor of finite penetration depth 1/4. According to

F. London the wave function obeys, then, the wave equations

2 1 %2
z< 0: ELég - =3 ELJ?:: 0
0z~ ec Ot
(1)
Yo = eHZCE) L emik(z *ot)
2 1,2
2> 0 b—z’—-—-u—&ZGb:o
(2)
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The reflection and transmission coefficients R(k) and T(k)

result from the continuity of the wave function and of its
derivative at the boundary z =0

R(k) E:*-i—-f:—k- T(k) = (3
x + & Y- x% k + 1|2 K ?

Both R(k) and T(k) have branch points at k = = #. Their analyt

ic behaviour in the complex k - plane is given by fig. 2.
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Fig. 2 The function sz- &2 in the complex k - plane

We chose, now, the linear combination of the wave
functions (1) and (2) which, for t = 0, represent a 8§ -shaped
pulseat z = -a moving towards the potential step. The incident

wave 1s, then, given by

1 +00 .
3?_ = — S olk(zta=ct) 4 _ s(,4awct) for ct<a, z<O0.
ar  =*00 (4)

while the reflected and the transmitted signals become

¥ = f e, @ THENZTATCV) gy fop 3 < O
R - 1[ 2 2
2r =-oo+le k + 1 ¥YK™= Xk (5)




v i. + °°I+e | Zk _ e.,V )2 kPz+ik(amct) dk for z>0
2r =~o+€ k + 1 \J»’f -k

(6)

and the integrals have to be taken on the positive imaginary bor-

der of the real axis of the complex k - plane.

In order to evaluate 703 we put

§E= 3 - a + ¢t (7)
and f£ind
2 2
30 (g) _ i +0+ie k = 1 Yy«== k e'ikE ax
R 2_ 1.2
o -oo+1ek+1\[;;-k

1l + om#+ic
g (2k2- x8- 21k Ka- k%) e'ikg dk

21r.'42 ~ oo+ie
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ds= 2r ~‘oo Tk~ 4%
+ o tic 5 > -ik
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Remembering that i
2 *t®*le -ik§ 2 ‘tootle omlwis 0 £<0
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0 for 8 <0 and,y for § 20

VR(E ) becopes ¥r(%)

- 2¢7; (%) + 2.8(5)

- §(%)

‘ 2 n
¥r(®) pE § (%)
pad 2 2 2

ac S 4a-

a {d Jl(xg-)}

= §(8) - 247,(k%) = 2 —
: 2183 a% |  al«%)
d.
= 8(§) - 247,(x%) - E—{;{Jo(g‘g) - Jz(x_fg)}
d
= 508 - ¢ Tk 4 —g{JZ(x%)} - 5(%)
and, finally
“«
Yp(8) = - " {7, + 33(K§)} for § >0 (8)

It is easily verified, that the reflected signal

vanishes for % =0
1i =

%0
and that, for — O
lim -
s Y (8) = - 8(®)
as in the case of an ideal mirror.
V’R behaves like

In the neighbourhood of § = 0
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2
Vg ¥ - KBk (9)
4
while, for large values of ¥
8 sin (k& - 2L)
()~ - \/— 2 (10)
a5 \/w - Ug%)3/2

(8) shows, that part of the inciding pulse becomes
accumulated within the potential step {supraconductor) and be-

comes reflected with a mean retardation time

1,9
At ~ ~— (11)
K e

¥

but continues reemitting the accumulated energy after a long

time with the intensity

— 4 1 4
YL At e = — (12)
R TH "33 . TTJC(Z-a+Ct)3

The accumulation and the temporary storage of field
energy inside a potential barrler is a very general feature of
wave dynamics. It 1s essential for the understanding of phenomena
like the tunnel effect. It occurs, however, whenever a wave meets
a finite obstacle, even in free space in the neighbourhood of
curved surfaces. 1In this case the potential barriers responsible
for the accumulation are due to inertial forces, e.g. to centrifu
gal forces. The phenomenon of which we have treated above the
mathematically simplest case, is of importance for the understand

ing of diffraction phenomena and it plays when an antenna or an
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atom becomes excited by an incoming wave pulse. In many important
cases the accumulated energy decays according to an exponential

law. 2 . In the above treated example, however, the decay law is

found to be a power law (12).
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