delivered to the cat’s paws through the grid
floor of the restraining box, and simulta-
neously the center rod was returned to its
initial position. On each trial individual
licks were counted and used to compute
the ratio D/S, where D represents the
number of licks during the 20-second depth
presentation and S represents the number
of licks during the 20-second interval im-
mediately preceding the depth presenta-
tion. Intervals between successive trials
varied, and daily sessions consisted of 20 to
25 trials.

Once the cat suppressed reliably on ev-
ery trial, binocular depth thresholds were
determined by varying randomly on each
trial the distance the center rod was
moved. The excursion of the rod was kept
between 11 cm and the lowest value which
failed consistently to produce suppression.
During these trials we continued to pair
rod movement and shock regardless of the
depth value involved, in order to ensure
that the cat associated shock with any
change in depth, not just the | 1-cm training
value (8). Testing was continued until at
least eight trials for each distance were
completed. After binocular testing the pro-
cedure was repeated for each of the two
eyes separately; the nontested eye was
again occluded with an opaque lens.

The graphs in Fig. 2 present the results
for a normal cat (Fig. 2A) and for two al-
ternately occluded animals (Fig. 2, B and
C). The abscissa is scaled in decreasing val-
ues of depth expressed in both real distance
and equivalent minutes of disparity. Each
point represents the average suppression
ratio at various depth values; dashed lines
and arrows mark 50 percent suppression,
which is the conventional definition of
threshold with this technique. Most signifi-
cantly, notice that a normal cat allowed to
use both eyes together (open symbols) can
detect a disparity of less than 4 minutes; in
terms of distance this is one-tenth the mag-
nitude of the smallest depth detectable
when the animal is forced to use either eye
alone (half-filled symbols). Of course, the
display used in this experiment offers other
cues to depth (for example, changes in vi-
sual angle) besides retinal disparity (9).
However, all cues except disparity would
be available whether the cat views the dis-
play with both eyes or with only one eye.
Thus the decided superiority of binocular
over monocular performance strongly in-
dicates that the normal cat was utilizing
stereopsis in the binocular situation. In
contrast, the alternately occluded cats per-
formed no better using both eyes together
than they did using either eye alone. In
fact, the thresholds obtained for alternate-
ly occluded cats allowed to use either one
eye or both eyes were quite similar to the
monocular thresholds for the normal cats.
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This deficit in binocular depth perception
indicates that the alternately occluded cats
fail to utilize retinal disparity information
and instead rely exclusively on monocular
depth cues. Moreover, this deficit probably
is permanent, for after the early rearing pe-
riod, but prior to testing, both these cats
received nearly 2 years of normal binocu-
lar experience during which disparity in-
formation was always available.

Since the only evident physiological con-
sequence of alternating occlusion is a per-
manent diminution in the proportion of
cortical cells responsive to stimulation of
either eye, it is reasonable to conclude that
these binocular neurons are crucially in-
volved in stereoscopic depth perception.
Indirect evidence suggests that stereo-
blindness in humans may result from sim-
ilar physiological deficits (/0).

RANDOLPH BLAKE
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Northwestern University,
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around the facies problem, but what is
more useful, a way through it.

Taking the Bernoulli conditions out of
order, condition (ii) requires that the out-
come of each observation be one of two
mutually exclusive and exhaustive possi-
bilities—in the present context, that there
be no possibility of ties. Ties are, in fact,
quite common, particularly at uncon-
formities (it is for precisely this reason that
unconformities were very early given great
emphasis in stratigraphy). The presence of
ties creates no great difficulties and may be
dealt with in either of two ways: by resort-
ing to the trinomial distribution, or by ne-
glecting ties and resorting to the condi-
tional binomial distribution. The latter ap-
proach is implicit in the authors’ presenta-
tion.

Condition (iii), that “‘the probability p;
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of the outcome 7; < 7; is the same on each
repetition,” is not in general met except on

a local scale. This is apparent in cases,

where lithostratigraphic units are time-
transgressive or biologic components mi-
grate (both cases being well known). In
such cases the r or 7, will clearly be
functions of a locality index K, and in
general Py = Pr(r; < 7;] K) will vary with
K. The authors dismiss this problem on
the basis that condition (iii) “‘is well ap-
proximated on a regional basis.” That, of
course, depends on how one defines a re-
gion and what one considers a good ap-
proximation.

The situations with conditions (ii) and
(iii) will be apparent to most experienced
stratigraphers because of all too familiar
aspects of the facies problem. Condition (i)
is more deceptive because of a common
misunderstanding of the implications of
stochastic independence. It must be de-
fined here by what appears to be a round-
about approach. Let the relationship be-
tween two events I and j be represented by
arandom variable r such that if 7; < 7; at
locality K, then rg will be defined to be 1,
and if 7; > 7; at locality K, then rg will be
defined to be 0 (2). It is clear that if any
one observation involving i and j be consid-
ered alone, the expected value of , denoted
E(rg), is just the P; of the authors at local-
ity K. Let us now denote two arbitrarily
chosen observations by K = | and K = 2.
From the definition of stochastic indepen-
dence, condition (i) is met if and only if
E(r,|r) = E(r)—read as ‘“the expected
value of r,, given a value of r,, is the same
as the unconditional expectation of r,.” If
this is true, then it will not matter in the
least where the observations are made.
Any experienced stratigrapher will agree
that the same ordering is more likely if two
observations are made in one highway cut

Strategic Arms Debate

If Science is about to enter the strategic
arms debate, it should do so more care-
fully: the article by Tsipis (/) contains nu-
merous errors, both conceptual and mathe-
matical.

The discussion of nuclear effects on hu-
mans is concerned almost exclusively with
l-megaton weapons and hence addresses
only thermal effects. In fact, because of the
different variations of effects with distance,
radiation predominates as a prompt kill
mechanism at very low yields and prompt
thermal effects are important only at very
large yields. Overpressure may be the
dominant prompt mechanism at inter-
mediate yields, depending upon the level of
protection utilized (2). The statement that
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than if they are made a thousand miles
apart—this very point is apparent in the in-
troductory comments of Southam et al.
This being true, then by definition the ob-
servations are not stochastically indepen-
dent. We should say in this case that pro-
pinquity induces a correlation between 7,
and r,. Indeed, it is just when we have ob-
servations sufficiently removed that the
correlation becomes negligible for most i, j
pairs that we say we have crossed a facies
boundary.

In summary, there is much to be said for
the formulation proposed by Southam et
al. The matrix elements are, however, con-
ditional on geographic or facies conditions
of the observations, and the confidence in-
tervals that they calculate are appropriate-
ly conditional as well. Recognition of this
reality necessitates some modification of
their concept, but also opens the way for
the application of some very powerful
multivariate techniques for studying the in-
terrelationships between the random vari-
ables that were used here.

GEORGE F. BROCKMAN
School of Natural Sciences and
Mathematics, University of Alabama,
Birmingham 35294
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“by far the most lethal effect of a nuclear
weapon is the thermal radiation it re-
leases’ is an overgeneralization, even when
applied to urban areas where the prompt
thermal radiation is augmented by fires
and even firestorms. Moreover, a counter-
value attack against an industrial area is
not identical with a counterpopulation at-
tack and is not achieved ““more efficiently,
by scattering several small weapons even
at random over the area.” Only the killing
of people can be done with reasonable effi-
ciency this way.

A specialized definition is also used for
counterforce. Counterforce implies the de-
struction not only of missiles inside rein-
forced concrete silos, as Tsipis defines it,

but of missiles in silos regardless of their
construction, missiles on soft pads, and
missiles in warehouses, as well as of any
other military force—bombers, subma-
rines and ships in port, weapons in stor-
age, and army units. However, since the ar-
ticle is concerned only with the specialized
case, only that is considered below.

First, however, two points should be
made about pindown and interference. The
““carefully timed arrival and detonation of
reentry vehicles overhead™ is not a prac-
tical way to facilitate the use of bombers
against silos, since the number of reentry
vehicles required to do this, while waiting
several hours for bomber arrival, is astro-
nomical. If interference does negate the ef-
ficacy of all but the first reentry vehicle
reaching the silo, then only the most lethal
reentry vehicles should be counted in con-
sidering the countersilo potential of a
force.

As for the “‘calculus of destruction,” it is
unnecessary to attempt to precisely fit a
curve to the general overpressure-distance
(Ap-r) relationship, since the departure
from a power of Ap is of significance only
at values of Ap lower than those of interest
here. Moreover, equation | in (/) does not
include height-of-burst effects and hence is
inappropriate at low values of Ap. At high
values it is approximated by its leading
term, and equation 7 can be replaced by

Y3
fs ——
0.408(Ap)'73

where Y is weapon yield in megatons, r is
distance in nautical miles, and Ap is over-
pressure in pounds per square inch. [Better
fits, valid at high overpressures, can be
achieved with other values of the constant,
such as 0.43, or better still with other val-
ues of both the constant and power of Ap,
such as 0.25 ( Ap)0425 ]

The hardness (H) is described by a
simple *‘cookie cutter”” model such that the
silo is expected to survive if Ap < H, but
be destroyed if ap > H.

Equation 8 in (/), relating the probabil-
ity (P;) that a silo will survive detonation
of a reentry vehicle to the hardness of the
silo and the accuracy of the reentry vehicle,
is wrong. The correct éxpression is

Py = 0.5¢,/CEP?

where r, is the distance at which Ap = H
and CEP is the circular error probable of
the reentry vehicle; the free variable 7, is ir-
relevant. Ncte that it is 0.5, not e, which is
raised to the power. An alternative ex-
poniential formulation which parallels
equation 8 in (/) is
P, = ¢(n05) (ro/CEP)?
= exp [~ 0.693 (r,/CEP)?]
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