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in the three stomachs, one of which contained a 1974
Lincoln-head penny. The liver was wrapped around the
inferior vena cava. Cut sections of the kidneys revealed
that they are composed of multiple separate nodules, each
with individual cortices and medullae.

Light microscopic tissue examinations of lung showed
bronchial cartilage extending to peripheral bronchi (Fig.
1b,c,d). Alveolar spaces were filled with a pale eosinophilic
proteinaceous material and polymorphonuclear cells. Mul-
tiple abscesses were present, containing necrotic cellular
debris, polymorphonuclear cells, and numerous large
colonies of gram-positive and gram-negative bacilli and
gram-positive cocci. Lymph node sections showed areas of
abscess formation with numerous polymorphonuclear cells,
basophilic bacterial colonies and cellular debris. There was
dilatation of sinusoids which were filled with pale eosino-
philic proteinaceous material, polymorphonuclear cells,
lymphocytes and reticuloendothelial cells. Liver sections
showed a fibrinous eosinophilic capsular exudate, Kupfer
cells were filled with golden-brown pigment and intrasinu-
soidal extramedullary hematopoiesis was present.

Blood and urine drug screens were negative. Urine
arsenic, lead and mercury levels were negative, and the

blood typed as Group A2B, Rho(D) negative.

DiscussION

This case is not typical of most deaths associated with
swimming pools which are referred to the Medical Ex-
aminer’s office. Drowning is the fourth leading cause of
accidental death in the United States. Approximately two-
thirds of these drowning deaths are accidental, the remain-
ing third are suicide, with rare instances of homicide. It is
interesting to speculate whether death occurred with or
without drowning, the decedent’s compromised pulmonary
function leaving him susceptible to (in this case) salt-water
drowning. Whether or not drowning played a role in his
death, it is the authors’ opinion that this death is the result
of a mixed bacterial pneumonia.
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ROTATIONAL TRANSITION PROBABILITIES IN TWO DIMENSIONS.
II. SEMICLASSICAL APPROACH.
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ABSTRACT

Rotational transition probabilities are calculated for
argon-nitrogen collisions by means of a semiclassical
method in which the classical trajectory is used to calculate
the force acting on a quantum-mechanically treated driven
rotor. The dependences of the transition probabilities on
initial energies, relative orientation of the rotor, and impact
parameter are studied.

INTRODUCTION

The problem of calculating rotational transition proba-
bilities is one of long standing, dating back to Zener’s
work in 1930. (1931). The older literature is well reviewed
by Takayanagi (1963) and by Gordon, Klemperer and
Steinfeld (1968). A variety of approaches has been used,
including the adiabatic (Ben-Reuven, 1965) and sudden
(Kramer and Bernstein, 1964) approximations, and the
method of distorted waves. (Brout, 1954; Davison; 1962;
Dalgarno and Henry, 1964; Dalgarno, Henry, and Roberts,

1966; Roberts, 1963). Arthurs and Dalgarno (1960) used
Racah’s formalism to couple the rigid rotor states with the
colliding particle’s orbital angular momentum states, with
which they then considered several approximations,
Takayanagi and Nishimura (1960) used the modified wave
number method (Takayanagi, 1963) and Allison and Dal-
garno (1967) did close-coupling calculations for the 0 — 2
rotational transitions of Hy and D2. Of particular rele-
vance to our work are the semiclassical approaches of Raff
(1967) and of Lawley and Ross. (1965)

In the semiclassical approach, the classical collision tra-
jectory is computed, and this is used to obtain a time-
dependent driving force which acts on the quantized sys-
tem; the behavior of this system is then analyzed by means
of a time-dependent quantum mechanical treatment. The
approach has been used effectively for the calculation of
vibrational transition probabilities. (Widom and Bauer,
1953; Rapp and Sharp, 1963, Zelechow, et al. 1968, Locker
and Wilson, 1970; Locker and Endres, 1969).
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ANALYSIS

We consider the problem of planar collisions of an atom
with a rigid rotor; see Fig. 1. We take our origin at the
center of mass of the system. Coordinates R, © and ¢ are
as indicated in Fig. 1; m; and m; are the atomic masses of
the rotor; msis the mass of the bombarding atom; r, is the
interatomic distance in the rotor; a = rom» /(m; + my);
b = remi/(m; + my); U; and U, are the distances between
the bombarding atom 3 and the atoms 1 and 2 comprising
the rotor. These distances are given by Eq. (1).

U2 = R2 + 22 - 2Ra cos(d - &) (1)
U,2 = R2 + b2 + 2Rb cos(f - ¢)

The kinetic energy is given by
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Initial conditions are handled as follows. Without loss of
generality we set ¢(t = 0) = 0. We choose an initial quan-
tum level, /, for the rotor; from this we calculate
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We let T, be the initial relative translation energy,
M- .
T, = 30 + R,

and bj, be the impact parameter. Then
R(t = 0) = -| L 2y n|E
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The initial values of § may range from (Pto 7 (symmetric
rotor) or 27 (asymmetric rotor); the initial value of R, Ro,
is taken to be somewhat larger than ro+ max(oq05).

The motion of the rotor is then reanalyzed by means of
a time-dependent quantum mechanical formulation as
follows.
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Here ¢(t) and R(t) are the classical numerical values of
¢ and R at the time t.
In the usual way (Pauling and Wilson, 1935) we write

v = JA(0) ep(Y) expine),  (©)
n

which on substitution in Eq. (5), multiplication by
exp(-imf), and integration over 6, yields
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On writing V(6,t) as a Fourier series,

v(e,t) = E by (t) exp(ike),
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we obtain from Eq. (7) the following:
A= (i) § epli(En - Eyt/hlog (A @)
: n

The Fourier coefficients by(t) are calculated by a proce-
dure very similar to that used by Dillon (1974) on a related
problem. We proceed as follows. Let
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Letting § — ¢ = &, using a binomial expansion on the
denominator, and employing a trigonometric identity for
cos's then yields
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This, on carrying out the integration, yields
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The expression for the Fourier coefficients of the interac-
tion potential, the bi(t), is then given by
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Equations (4) and (8) were then integrated forward in
time from the given initial conditions (as specified pre-
viously for Egs. (4); An= 8nnofor Egs. (8)) until the mag-
nitude of R indicated that the collision was over. A fourth-
order Runge-Kutta-Gill method with variable At was used
for the numerical integration, with rates of loss of classical
energy conservation and normalization of the wave func-
tion the criteria for adjusting At. (Ralston and Wilf, 1960)

RESULTS

Transition probabilities were calculated on an XDS
Sigma 7 computer; up to 21 rotational states were included.
Argon-nitrogen collisions were modeled; Lennard-Jones

parameters were estimated from data for argon and neon
(Hirshfelder, et al., 1954), and ro was taken from Herz-
berg’s tabulation (1950).

(E, = E,=4.416 x 10-Serg, oy = 02 = 3.12 A, 1o = 1.094 A).

In Fig. 2 we see the effect of varying impact parameter
on the transition probabilities; as with our earlier approach
(a strong-coupling fully quantum method), | Am|values
larger than 2 contribute very significantly for impact
parameters < 5 A at an initial relative translational energy
of 8.83 x 10-'Serg. The initial value of the rotational quan-
tum number, mg, is zero for these runs.

The effect of initial relative translational energy upon
the transition probabilities is illustrated in Fig. 3. At low
energies | Am| values >2 are not very important; but, for an
initial relative translational energy of 8.83 x 10 !Serg |Am|
= 4 transitions are quite significant. Qualitatively, we would
expect that the more violent collisions would have contri-
butions from transitions involving larger values of Am. In
this figure the initial rotor state is the ground state, mg = 0.
In Fig. 4 we see the same type of runs made at various
initial relative kinetic energies. Here, however, the initial
rotor state has my = 2. The magnitudes of the transition
probabilities are comparable to what we found for mg = 0.

Figure 5 shows the effects of varying the initial orienta-
tion of the rotor in the calculation of the classical trajecto-
ries. To compare results obtained by this method with the
results of our strong coupling fully quantal treatment
requires integrating the transition probabilities over 6o
(from 0 to m for Np).

We conclude that this semi-classical approach produces
results in reasonably good agreement with our strong cou-
pling fully quantal calculation (Dillon, Wilson, and Wil-
son, 1984), and that both indicate that the collisional selec-
tion rule of |Am| + 2 for collisions of a homonuclear
diatomic is an artifact of the perturbation theory approach,
and is generally not a good approximation for real
collisions.

FIG. | Model and notation.



Rotational Transition Probabilities in Two Dimensions. 11. Semiclassical Approach 93

Y75
o MrO&er2
Eqran®-883E-14

FIG. 2. Dependence of rotational transition probabilities
on impact parameter, b.
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FIG. 3. Dependence of rotational transition probabilities
on initial relative translational energy, Eiran for mo = 0.
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FIG. 4. Dependence of ratational transition probabilities
on Eian for mo = 2.
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FIG. 5. Dependence of rotational transition probabilities
on the initial orientation angle, ©¢o’ of the rotor.
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OCCURRENCE OF THE COTTONMOUTH (AGKISTRODON PISCIVORUS)
IN COFFEE COUNTY, TENNESSEE

RONALD R. BINGHAM
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ABSTRACT

On 12 and 15 May 1984, cottonmouths (Agkistrodon
piscivorus) were collected in backwater sloughs of Mor-
ton’s Lake in Manchester, Coffee County, Tennessee. Both
snakes were females (975mm and 690mm SVL). Specimens
were deposited in the Central High School Science De-
partment Vertebrate Collection (CHS-RO15 and CHS-
ROI16). Identification followed Conant (1975) and Barbour
(1971).

This find constitutes the first record of cottonmouths in
Coffee County. This is approximately 165 km southeast of
the Montgomery County record of Scott and Snyder (1968)
and 265 km to the east of A. piscivorus found in Harde-
man County by Norton and Harvey (1975). There is an
additional previously unreported specimen in the Herpeto-
logical Collection at Tennessee Technological University which
was also collected at Morton’s Lake on 16 August 1981 (O.
Ray Jordan, unpublished data). In Tennessee, the range of
A. piscivorus has been limited to the western half of the
state (Conant, 1975). Gentry (1956) indicated the same
general distribution with the exception of two isolated
reports in Anderson County and Campbell County in east-
ern Tennessee. The range reported by Conant (1975) indi-
cates a possible existence of the species in this area.

It is widely believed cottonmouths of Morton’s Lake
were purposely introduced early this century to discourage
poaching. This could not be confirmed. Local residents
report cottonmouths to occur commonly in this part of the
state and county. After examination of numerous speci-
mens and talking with knowledgeable people, it is believed
most reports are false. Most cottonmouths are usually
found to be water snakes (Nerodia sp.)
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SIXTH CENTRAL HARDWOOD CONFERENCE SCHEDULED AT UT

The sixth hardwood forest conference will be held at the University of Tennessee,
Knoxville, Tennessee on February 24-26, 1987. the Conference will be sponsored by
the UT Department of Forestry, Wildlife and Fisheries, Society of American For-
esters, UT Department of Botany, and the Southern Forest Experiment Station.
Papers pertaining to hardwood forests and forestry are invited. Abstracts should be
submitted by March 1, 1986. All correspondence and inquiries should be addressed

to:

Dr. Ronald Hay, Chairman

Sixth Central Hardwood Forest Conference
Department of Forestry, Wildlife and Fisheries
UT Box 1071

Knoxville, TN 37901



