was modified so that appropriate trans-
position behavior was seen after in-
jections of brain extracts from donors
that had been given relational training,
even when these donors had never ex-
perienced the newer (correct) trans-
position test stimulus. Brain extracts
from untrained donors did not alter
circle preference in any way, and this
preference was remarkably close to
the chance, 50 percent, choice of each
test stimulus.

The second phase of experiment 1
indicated that = extracts significantly
modified behavior under nonreinforced
test conditions for 72 hours, but under
reinforced conditions even at 248 hours
after injection; a large increase in the
performance of the experimental recip-
ients could be seen with only 2 days
of reinforced training on the donors’
original discrimination problem. This
suggests that extracts may facilitate
learning of a task long after any effect
of these extracts can be detected with
nonreinforced test trials.

Finally, the effects in these experi-
ments were strong and enduring. This
could have been due to (i) optimiza-
tion of behavioral and biochemical pa-
rameters; (ii) the high incentive value
of the protein and vitamin solution used
as the reinforcer; (iii) possible nutri-
tional or metabolic effects of the protein
and vitamin solution; (iv) the nature
of the task, that is, perhaps relational
or conceptual tasks produce especially
strong and persistent learning and mem-
ory (as they certainly seem to do in
studies of human memory processes);
or (v) various combinations of the
foregoing factors.

LENDELL W. BRAUD
Psychology Department, Texas
Southern University, Houston 77004

WiLLiaM G. BRraup
Psychology Department, University
of Houston, Houston, Texas 77004
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Evaporation Retardation by Monolayers

Wu (7) has conjectured that “the re-
tardation of evaporation due to mono-
layers in the field under turbulent wind
may actually be due to the wave-damp-
ing effects of these layers,” rather than
to their influence on the passage of
water through the liquid-air interface.
In fact, it has already been noted (2)
that some reduction in evaporation
should follow from the changes in air
flow associated with wave damping. In
light of Wu’s comments, however, it
seems desirable to stress that the effect
is not “significant enough to constitute
the major mechanism responsible for
evaporation retardation by monolayers
in the field” (I).

At Lake Hefner, near Oklahoma City
(3), it was found that evaporation rates
E’ (in centimeters per 3 hours) could
be well predicted from the relation

E'=1.214 X 107* Us (es —es) (1)

where Ug (in meters per second) is the
wind velocity 8 m above the surface,
e, (in millibars) is the vapor pressure
at the surface, and eg (in millibars) is
the vapor pressure at 8 m. This formula
has been found to be widely applicable
(4). During the experiments at Lake
Hefner it was found also that

(U+/Ux)* == 3.4 X 107

where U, is the friction velocity (3).
Incorporation of this and other con-
versions gives

E =263 X10® U (¢s —¢s)  (2)

where E has the dimensions of kilo-
grams per square meter per second, and
¢, and cg, the vapor concentrations, are
in kilograms per cubic meter.

Now Eq. 2 may be written as

1

S =263 % 10°0. 3)
where Qg (in seconds per meter) is the
resistance to the transfer of water vapor
from the surface to a height of 8 m,
where it may be assumed that the water
vapor is effectively mixed with the
atmosphere.

In Wu’s analysis (/) the greatest re-
duction in U. resulting from wave
damping is from about 0.2 to 0.1 m
sec—1. If this reduction is applied to
Eq. 3, this gives an increase in the
aerodynamic resistance Qg from about
190 to 380 sec m—1. This is distinctly
the maximum increase in Qg predict-
able from Wu’s data; all other decreases

in U due to smoothing are much less
than 0.1 m sec—1. A film spread from
mixtures of 1-hexadecanol and 1-octa-
decanol has a typical resistance of 300
sec m—1 (5). Thus in this extreme in-
stance a film increases the original re-
sistance to evaporation from 190 sec
m~1 to about 680 sec m—1. If we
ignore thermal compensation (5), this
indicates a total reduction in evapora-
tion of about 72 percent. Without the
change in Qg the total resistance is 490
sec m~1, corresponding to a reduction
in evaporation of 61 percent. Alto-
gether, in this most favorable instance
the aerodynamic effect is not significant.
Apart from this point, it is by no
means certain that the transport co-
efficient of water vapor is lowered
linearly with those friction velocity re-
ductions due solely to smoothing. Stud-
ies on momentum transfer (6) to rough
and smoothed surfaces show that the
surface traction imparted to a water
surface by a given wind is independent
of the surface roughness. With this
division in momentum transfer it is dif-
ficult to generalize about mass transfer.
W. W. MANSFIELD
Commonwealth Scientific and
Industrial Research Organization,
Division of Applied Chemistry,
General Post Office Box 4331,
Melbourne, Victoria 3001, Australia
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In a recent report (1) Wu analyzes
in detail the effect of wind upon the
retardation of evaporation by mono-
layers and concludes that this retarda-
tion, in the field and under turbulent
wind, “may actually be due to the wave-
damping effects of these layers.” Fur-
thermore, he argues that the wave-
damping effect operates through a
change in the detailed flow pattern of
the air near the surface. This last argu-
ment is based on the partially implicit
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assumption that wind-shear velocity is
“the governing parameter for evapora-
tion” (italics mine). If correct, this view
relegates the well-established barrier-to-
evaporation effect of monolayers to the
level of a minor contribution.

In reviewing previous work Wu re-
marks also that “the other transport
processes, convective circulation, diffu-
sion, and convection, have not been
considered . . . to be directly affected
by monolayers.” This statement suggests
that Wu is not aware of a report (2)
(anticipating all his references) in which
I described an attempt to find the ef-
fect discussed by him. My experiments
were carried out on a bench-top scale
but were interpreted in terms of the re-
sistances to the transport of water va-
por in the film and the air phase and
the resistances to the coupled flow of
heat in air as well as in the liquid phase.
The results showed that the resistance
of the film itself was significant and was
little affected by wind, and also that the
film had the effect of increasing the re-
sistance in the liquid phase but not that
in the gas phase. In a companion re-
port (3) I traced, by direct observation,
the increased resistance in the liquid
to changes in the convection pattern
caused by the presence of the film.

I found the lack of a perceptible ef-
fect of wind upon the resistance in air
rather surprising and concluded: “Thus,
the quieting effect of a monolayer . . .
—the calming of troubled waters—
which is so prominent in field tests of
evaporation control . . . seems not to
affect the rate of evaporation under the
conditions of these small-scale experi-
ments” (2).

Thus there is at least some experi-
mental evidence, based on a less detailed
but more complete analysis of the trans-
port phenomena, that the mechanism
discussed by Wu, attractive as it is, may
not be an important one. It is possible,
as originally suggested, that the conclu-
sion from my small-scale experiments
is not applicable to large-scale field
tests, but then it is not clear why an
effect which would be controlling on
a larger scale would not even be de-
tectable in the laboratory.

There can be little doubt that the
change in the ripple pattern produced
by a monolayer does change the air

26 MAY 1972

flow pattern close to the surface along
the lines described by Wu. What is un-
known, however, is whether this is also
the region where the important resist-
ance is located. This is a question that
Wu has not answered, although he
begins by listing many of the other fac-
tors involved in the overall process. It
is an important question because, if the
principal resistance is located above or
below this area, large changes in a mi-
nor component of the overall resistance
would not be significant.

The importance of considering care-
fully the various resistances involved in
evaporation has already been brought
out by Langmuir (4) and his co-work-
ers in their pioneering papers on retar-
dation by monolayers. It appears, there-
fore, that a more complete quantitative
treatment of the field problem is re-
quired before an analysis such as Wu’s,
which not only provides an additional
mechanism of monolayer action but at-
tempts to replace the one originally
proposed, can be accepted.

KARroL J. MYSELS
Gulf General Atomic Company,
Post Office Box 608,
San Diego, California 92112
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I appreciate the comments by Mans-
field and Mysels, but I do not agree
with the points they raise. Mansfield’s
quantitative comparison is rather un-
fair, because, when the structure of the
wind boundary layer varies as a result
of the change in the surface roughness,
the temperature and humidity struc-
tures should vary accordingly. In addi-
tion, the reduction in wind-shear veloc-
ity due to the wave-damping effects, as
discussed in my report, has been mea-
sured directly and substantiated by ob-
servations, whereas the resistance to
evaporation obtained from - quiescent
water has been shown () to be drasti-
cally reduced over the wavy surface.
According to Mansfield, the change of
resistance from a wind-shear velocity
of 20 cm sec—1 to a wind-shear velocity

of 10 cm sec—1 is 240 sec m—?*. There
is a computational error in Mansfield’s
calculation; the coefficient in his equa-
tion 2 should be 2.08 X 10—2. On the
other hand, the resistance to evapora-
tion is 300 sec m—1 for quiescent wa-
ter and is expected to be drastically re-
duced for disturbed water. Taken
together, these data suggest that the re-
duction of wind shear may be the ma-
jor mechanism responsible for evapora-
tion retardation by monolayers in the
field. :

Mansfield’s remarks concerning mo-
mentum transfer are incorrect. As a
result of recent intensified reseanch,
our understanding of wind-wave inter-
action has greatly improved. By now,
it is generally accepted that there is a
unique relation between the shear veloc-
ity and the surface roughness (2). The
trouble here seems to be that the labora-
tory results quoted by Mansfield may
be obtained in a short fetch and under
low wind velocity. The wind is, there-
fore, in an aerodynamically smooth
regime. The results of some more re-
cent laboratory investigations can be
found in (3).

I apologize for not being aware of
Mysels’ report (4). However, his study,
although interesting in its own right,
seems not directly related to my dis-
cussion. The wind boundary layer cer-
tainly cannot be developed in a dish
15 cm in diameter. Mysels’ interpreta-
tion is definitely correct when there is
no wind, or when the wind serves
merely to convect the moistened air
from a dish. On the other hand, my
discussion pertains to the natural con-
dition in which the wind boundary
layer is turbulent and the water surface
is hydrodynamically rough.

JIN Wu
Hydronautics, Incorporated,
Pindell School Road,
Laurel, Maryland 20810
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