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rod. Temperatures reported here were deduced
from the susceptibility of the salt (potassium
chrome a, lum). ' The carbon resistors reached
their highest resistance values approximately 25
minutes after the demagnetizing field was re-
duced to zero. All the data presented here are
the result of transitions observed at times greater
than 40 minutes after the demagnetization.

The superconducting transitions reported here
were detected by observing the differential mag-
netic susceptibility (AM/bH)~ . The change in
the magnetic moment (AM) of the sample is
caused by the application of the incremental mag-
netic field ~II produced by the primary winding
of the mutual inductance. Field-induced transi-
tions, such as shown in Fig. 1, as well as warm-
ups in the presence of externally applied mag-
netic fields, yield the critical magnetic field data
presented in Fig. 2. The magnetic fields em-
ployed here were always longitudinal to the mutual
inductance coil system. Consequently, the ap-
pearance of the differential paramagnetic effect,
such as depicted in Fig. 1, indicates that the
specimen is exhibiting a good Meissner effect.

The data represent the results of two sepa-
rate runs. Between the runs the Dewar was
warmed to room temperature and the system
was completely taken apart. The Ir specimens
were taken off and reglued to a different section

of the copper rod. This placed the Ir samples in
a secondary coil different from that used in the
fir st run. Superconductivity was again detected
for the Ir specimens and the results were con-
sistent with those of the first run.

We are currently examining other high-purity
metals to see if the occurrence of superconduc-
tivity is more widespread than previously be-
lieved and to see if the failure to become super-
conducting correlates with the presence of im-
purities with localized magnetic moment such as
iron.

*Present address: Department of Physics, Uni-
versity of California, San Diego, La Jolla, California.
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Despite extensive study, the origin of photocon-
ductivity in organic crystals remains obscure.
Of the various suggestions which have been made
we select for discussion that of Northrop and
Simpson. ' These investigators conclude from
studies of photoconductance and fluorescence
quenching in doped anthracene that exciton-ex-
citon interactions are responsible for the pro-
motion of electrons into conducting states. To
render this mechanism plausible, it must be dem-
onstrated that the transfer of excitation energy
between two excited molecules with nonoverlap-
ping electronic wave functions has a significant
probability. In this Letter we consider the prop-
erties of a lattice of hydrogen atoms for which
exact wave functions are available. It is found

that a transfer of excitation energy between de-
generate states can occur very readily and there-
fore that exciton-exciton interaction can lead to
photoconductivity. For an organic crystal, the
breakdown of optical selection rules makes the
process considered even more likely.

Consider first two hydrogen atoms a distance
R apart, with R large enough that electron ex-
change may be neglected. Since the first excited
state of H (and of many atoms and molecules) lies
more than halfway to the ionization limit, only
two quanta of excitation are required for ioniza-
tion. From time -dependent perturbation theory
the transition probability for the process

H +H ~H+H +e+
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is, approximately,

T= —p p (r )p (r )Xu (r )g (r )dvldw (2)

in atomic units. As usual, X is the interaction
Hamiltonian, g, is a hydrogenic wave function for
the first excited state if i=1 and for the ground
state if i=0, and upi~ is a hydrogenic continuum
wave function. When only dipole-dipole inter-
actions are considered, then

respectively. Then the probability of a transi-
tion to the continuum states is

8.56T =
6 [-2cost R cos2K R+cosk Rcos2K Rx Na' xx cx Cy

T = 2.09/R (3) + (R/R')' cosk R' cos—,'K R']',
yz cz

in atomic units (au).
Consider next a simple tetragonal lattice with

N hydrogen atoms per cubic centimeter and unit
cell characterized by the basis vectors Rs, Rg,
B%. We describe two excitons in the crystal by
the wave function

1 ik 1+ik'1'
[N(N 1)]g/2 ZZe I~I ~

% ll t
1 N)I

1 gl'

where 1 is a lattice vector,

l y, y', l, l', rl ~ ~ r&)

(rg )P, (rf, ) p y0 (r .),
1=1

ill, l'

and g& is a 2p, 2p, or 2pz electronic wave
function. Similarly, the electron in the continuum
state is represented by

(6)

To evaluate the transition probability between
the states (4) and (6), it will be assumed that (1)
dipole-dipole interactions alone need be con-
sidered, (2) only nearest neighbor interactions
are of importance, and (3) the value of k which
satisfies conservation of energy is obtained from
2E'y E'o+ zk'

&
where Co and e, are the energies of

the ground state and first excited state of an atom,

K =-(k+k),
C

for 2p&, 2p&, and 2' excitons. Under ordinary

conditions k~'R and Kc R are small relative to
unity and Eqs. (7) may be expanded in power se-
ries form. For the case that 8'»R, and with
the n excitons per cubic centimeter randomly
distributed, the rate of production of ionized
atoms is

=-', n'(8. 56/NR'),
au

(8)

in atomic units. In the more ordinary units of
ionizations per second,

+ = 11.6 x (nm/NRB) &10'6

As a crude approximation to an organic crystal
for order-of-magnitude estimates, we take n
= 3.5 x10' N= 6 x10 ' 8 = 20 au, B'= 100 au,
and therefore

= 3.7 x10'2 ionizations/sec.

Northrop and Simpson' estimated the rate of
production of charge carriers in anthracene to
be 1.2x10'~ sec ' and reached the conclusion
that the mobility of the positive charge carrier
has to be 5 x10 ' cm V ' sec '. Their value
for the rate of production, when corrected to
yield the result of recent measurements of the

8.56T = '
6 [-2cosk Rcos2K R+cosk Rcos—,'K R

y NR' ry ' cy xx cx

+ (R/R')'cosk R' cos—,'K R']',
rz cz

8.56T = '
~ [cosk R cos2K R+cosk R cos~K RNR8 ~~ 2

-2(R/R')' cosk R' cos—,'K R']',
yz cz

k -=-'(k-k )2
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mobility, '~' is 3.5@10"em" sec ' in agreement
with the theoretical estimate quoted. Because
this calculation should not be directly applied to
an organic crystal, and because Northrop and
Simpson's determination of the rate of carrier
production is subject to considerable uncertainty,
our result should be regarded as a demonstration
of the plausibility of the mechanism whereby
charge carriers are produced from exciton-
exeiton interactions in a molecular crystal. Fur-
ther details of this investigation and the develop-
ment of techniques suitable to the proper study

of organic crystals will be presented in a sepa-
rate publication.
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It has been recently shown' that generalized the vacuum pole and are therefore asymptotically
unitarity relations obtained by one of us (V.G.) small. Thus at high s and low t, the nucleon-
lead to the existence of relations between the nucleon amplitude contains only three invariant
amplitudes of the various processes at high en- functions. As the vacuum pole appears only in the
ergies when asymptotically these processes are part of the amplitude symmetric under permuta-
caused by a single Regge pole. '~ tion of s and u, the same expressions describe

In this note we shall consider the vacuum pole the scattering of antiparticles by nucleons. As in
in meson-nucleon and nucleon-nucleon scatter- the case of spinless particles, let us consider the
ing amplitudes in an attempt to analyze their spin partial-wave expansion of amplitudes in the an-
structure and the relation between them. nihilation channel.

Let us write a general expression for the am- For the meson-meson scattering amplitude we
plitudes of meson-nucleon scattering G and have the usual expression
nucleon-nucleon scattering H:
G=a+ bq, q= —', (k, +k, '), f(s, t) =p. (2j+ 1)f.(t)P. (Z ).j

(la)~', x&=Z(a) +&)g.(~', ~)d, o~(zg,

H=H, (s, t)+H, (s, t)(y ' p+y 'k) To expand two-meson annihilation and nucleon-

(s)(y)(2)(2)nucleon scatteringamplitudes, we shall use the
helical amplitudes

+H, (s, t)y, '"y,o',

p= l(p. +p. '), k= l(p, +p, '). (2)

Here k„k,'; p„p,; p, ', p, ' are initial and final
pion and nucleon momenta, respectively. As far
as the vacuum pole, which is responsible for the
amplitudes at high energies and low t, is of in-
terest to us, these amplitudes are unit matrices
in isobaric space. It can be seen that terms con-
taining y, [H, (s, t), H, (s, t)] cannot be generated by

(~2 «X2 IH I))l ~))'1)

=P(2j+1)(z ', z IH I& ', & )d, , (Z ),
~1 ~1 0 ~2 ~2

(4)

Zf, Zg, Zk being cosines of scattering angles in
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