
WILD* M-20 
with incident light 

attachment 
One of the most important advances 
in microscopy for research and 
scientific exploration is now within 
easy reach of the owner of a Wild 
M-20. 

Here, in a superbly Swiss crafted 
instrument, capable of the finest 
results in all types of microscopy, 
is now added a new, f irst order 
capability: 
With Incident Light Attachment, the 
M-20 permits observation and 
photomicrography under bright and 
dark field conditions, with polari- 
zation and fluorescence. Optical 
quality and handling convenience 
are fully comparable to those found 
in specially designed incident light 
microscopes. 
For full information about this most 
versatile microscope.. . and its many 
attachments, write for Booklet M-20. 

*The FIRST name in Surveying Instru- 
ments, Photogrammetric Equipment and 
Microscopes. 
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Letters 
rrajectory of Lunik I11 

Using available tracking data re- 
eased by Tass, the General Electric 
Zompany has computed the trajectory 
)f the Russian automatic interplanetary 
itation (AIS), otherwise known as 
a n i k  111, which obtained the first 
~ictures of the far side of the moon. 

The results showed that the 7th 
wrigee passage of the vehicle occurred 
>n 21 January at 12.87 hours (universal 
ime) at a distance of 18,225 kilometers 
'rom the earth's center, and predicted 
:ntry into the earth's atmosphere on 
% March at 5.19 hours. 

The U.S.S.R. had predicted 7th peri- 
gee passage on 22 January at 9.03 hours 
tt a distance of 18,486 kilometers, and 
Bnal entry into the earth's atmosphere 
ate in March. Subsequent corrections 
:o the initial conditions of the General 
Electric program were made to permit 
lgreement with the 7th perigee time 
predicted by the U.S.S.R.; computa- 
tions made on rhis basis show little 
:hange in the value for perigee dis- 
tance. However, these computations 
place entry into earth's atmosphere in 
April or later. 

The calculations are obviously very 
sensitive to initial conditions; this is due 
primarily to a second close approach to 
the moon (of about 50,000 kilometers), 
on 24 January. Additional tracking or 
sighting data are therefore needed to 
confirm, or permit corrections to be 
made in, the trajectory predictions if 
a meaningful entry watch is to be es- 
tablished. We would be pleased to re- 
ceive such additional information and 
would undertake to rerun the compu- 
tations and to advise both Science and 
others interested in the results. 

J. E. MICHAELS 
Space Sciences Laboratory, 
General Electric Company, 
Philadelphia, Pennsylvania 

Evapotranspiration 

It is surprising that no comments or 
criticisms have appeared in reference to 
the report by Holdridge [Science 130, 
572 (4 Sept. 1959)l concerning a 
"Simple method for determining poten- 
tial evapotranspiration from temperature 
data." 

The formula 

Unit period 
Potential 

evapotrans-*= piration [ 58.93 ( No. O: of tr units )] X 

(in mm) of time in 

Comparative plant growth 
mean temperature (OC) I 

is not consistent with Holdridge's state- 
ment that "the potential evapotrans- 
piration at a given temperature de- 
creases proportionately along the gradi- 
ent of increasing precipitation from 
arid to wet areas. . . ." It is difficult to 
see a theoretical basis for the formula. 

Work by Penman [Proc. Roy. Soc. 
(London) A193, 120 (1948)], Thorn- 
thwaite [Geograph. Rev. 38, 55 (1948)], 
and Blaney-Criddle ["Water," Year- 
book Agr. (U.S. Dept. Agr.) (1955)l 
indicate that such a formula, based on 
temperature alone, is of doubtful valid- 
ity. Ramage [Pacific Sci. 13, 1 (1959)l 
found that both the Penman and Thorn- 
thwaite formulas gave values of poten- 
tial evapotranspiration which were too 
high during the wet summer months at 
Hong Kong. Use of the Holdridge 
formula on the Hong Kong data shows 
the same tendency. In fact, values for 
potential evapotranspiration for Hong 
Kong for 1951-56 computed by the 
Holdridge formula are intermediate be- 
tween those computed by the Penman 
and the Thornthwaite equations, re- 
spectively, and are considerably higher 
than observed values for an evapotrans- 
piration battery. 

Potential evapotranspiration is de- 
pendent upon a number of meteorlogi- 
cal factors which fluctuate from day to 
day and from season to season, so that 
a formula based on temperature alone 
will be valid only under very restricted 
conditions of insulation, humidity, and 
wind. 

TERRELL L. NOPPSINGER 
Land Study Bureau, 
University of Hawaii, Honolulu 

Regarding the comments of Noff- 
singer, which I appreciate because they 
offer me an opportunity to clarify cer- 
tain points in my report in Science, the 
following discussion is submitted. 

Noffsinger's first paragraph looks con- 
vincing only because he has misquoted 
from my report, using in his letter "the 
potential evapotranspiration at a given 
temperature decreases. . . ." rather than, 
as appeared in the article, "the potential 
evapotranspiration rate at a given tem- 
perature decreases. . . ." Naturally, 
potential evapotranspiration is quite 
distinct from the potential evapotrans- 
piration rate, which is equal to the mean 
potential evapotranspiration in milli- 
mete6 per year divided by the mean 
precipitation in millimeters per year. 

As for his statements on temperature, 
my formula uses the comparative plant 
growth mean temperature, preferably 
called "mean biotemperature," which 
discards temperatures below 0°C. The 
mean biotemperature is derived by sum- 
ming up the positive time-unit means 
of temperature and dividing this total 
by the number of time units in the 
period. The workers cited, who found 
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values based on temperature alone to 
be of doubtful validity, presumably 
utilized normal mean period tempera- 
tures, which may include below-zero 
temperatures, when plants are inactive. 
Plant activity or growth is the same at 
-5O, -20°, or -40°C, so the inclusion 
of such data in means obscures the 
marked differences in plant activity that 
occur at even less widely separately 
positive temperatures. 

My potential evapotranspiration val- 
ues should be higher than the observed 
values for an evapotranspiration battery 
in moist-to-wet climates, since the for- 
mer apply to natural, mature vegetation 
and not to the low, artificially estab- 
lished vegetation of the latter. Con- 
trarily, one would expect my values to 
be lower than battery values in arid or 
drier climates, provided the battery is 
set up with a moist-climate vegetation 
such as the commonly utilized Ken- 
tucky blue grass. 

Further, the factors of insolation, 
humidity, and wind, which, if they 
differ, would be certain to alter the 
potential evapotranspiration readings 
for a given type of artificially established 
vegetation in distinct areas, are can- 
celed out in natural vegetation by the 
evolved physiognomic changes in such 
characters as leaf size, leaf texture, and 
vegetation height. In fact, the physiog- 
nomic variations in natural vegetation 
provide the theoretical basis for the 
formula. 

L. R. HOLDRIDGE 
Technical Cooperation Program, 
Organization of  American States, 
Sun Jose, Costa Rica 

Intragalactic Communication 

The "Next question" proposed in the 
25 December editorial [Science 130, 
1733 (1959): "May not other civiliza- 
tions [on other planets] . . . be waiting 
in silence [due to restraints imposed 
by local fiscal authorities] for our sig- 
nal before they give their response 
[and are we to await approval from 
our own fiscal authorities before beam- 
ing signals into space, the mutual wait 
yielding an impasse]?' is indeed 
thought-provoking. 

In addition to financial considera- 
tions there may be other factors re- 
sponsible for man's not having been con- 
tacted by other beings. It has taken the 
earth some 4% billion years to cool 
and evolve life to the point where 
radio astronomy could be developed. 
For man to suppose that planet X has 
arrived technologically in the same 
decade (10 years compared with 4.5 
x 10') smacks of egocentricity and 
lack of perspective. More probably the 
galaxy contains planets varying widely 
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