
postdocs before finding permanent 
spots. This success may be due to 
the cultural milieu of their work at 
LLNL. The environment at Liver­
more is more akin to what existed at 
several technical universities and in­
stitutions during the late 1940s and 
early '50s than to most current gradu­
ate education: Important problems 
with practical applications are posed 
and are expected to be solved in real 
time and within budget. This is an 
attitude that strikes a responsive 
chord in industry recruiters! 

In addition to the national labora­
tories of the Department of Energy, 
the Department of Defense has many 
research facilities scattered about the 
nation. Any of these could be ap­
proached by a major research univer­
sity and possible joint programs ex­
plored. There are also excellent pri­
vate research facilities, some of which 
are already open to graduate stu­
dents on an informal basis. We sug­
gest a vetting of the best staff at 
these laboratories by the faculty of a 
school so that the staff can act both 
as instructors in formal courses on 
site and as research advisers-the 
model at LLNL. 

If students are immersed in PhD re­
search outside the academic setting, we 
believe that they will more easily appre­
ciate the breadth of career opportuni­
ties that await them. It is recognized 
that half of those graduating from our 
law schools do not practice law; it is 
less well known that for years at least 
half of those trained as scientists and 
engineers have found jobs other than 
as scientists and engineers. 

N.C. LUHMANN JR 
D. L. CORRELL JR 

Lawrence Livermore National Laboratory 
Livermore, California 

The Sky is Failing! 
(Well, Part of It) 
Regarding the three letters by Moti 

Segal and Rodney Kubesh, Mi­
chael Kelly and John Kepros on how 
an increase in the greenhouse effect 
might alter the heights of atmos­
pheric layers (December 1994, page 
15): Back in 1989 Ray Roble and 
Bob Dickinson of the National Center 
for Atmospheric Research, in Boulder, 
Colorado, investigated "global cooling" 
in the upper atmosphere. 1 They pre­
dicted that a doubling of the C02 and 
CH4 concentrations at 60 km height 
(as expected within the next 50 
years) would cool the mesosphere by 
up to 10 K. In the thermosphere the 
predicted cooling is greater, about 
50 K. The resulting thermal contrac-

tion would reduce the air density at 
300 km by about 40%, leading to in­
creased orbital lifetimes of satellites. 

Using simple physics, I estimated 
that the cooling would cause a drop 
of 15-20 km in the height of the iono­
spheric F2 layer (the layer that has 
the greatest electron concentration 
and is the most important for radio 
communications).2 Better calculations 
with the NCAR thennospheric global 
circulation model gave similar results.3 

These predictions are theoretical: 
What of the data? The ionospheric 
layers have been routinely sounded 
since 1931, though precise measure­
ment of the height of the F2 peak is 
difficult. At middle latitudes by day, 
the peak typically lies at about 250 
km at solar minimum and 350 km at 
solar maximum, though its height 
may vary by up to 100 km with time 
of day, latitude, and solar and geo­
magnetic activity. Given this variabil­
ity, detecting a progressive decrease 
of the layer height would be difficult, 
but it should be possible. In Ger­
many, Jiirgen Bremer4 has detected a 
drop of 8 km in 33 years, consistent 
with my theoretical prediction. 

Of course more observations over 
longer time scales are needed to con­
finn the trend, together with further 
studies of whether global cooling in 
the upper atmosphere is indeed a reli­
able indicator of "global warming" 
lower down. 

References 
1. R. G. Roble, R. E. Dickinson, Geophys. 

Res. Lett. 16, 1441 (1989). 
2. H. Rishbeth, Planet. Space Sci. 38, 945 

(1990). 
3. H. Rishbeth, R. G. Roble, Planet. Space 

Sci. 40, 1011 (1992). 
4. J. Bremer, J. Atmos. Terr. Phys. 54, 

1505 (1992). 
HENRY RISHBETH 

University of Southampton 
Southampton, UK 

Was PT's Environment 
Issue Misaddressed? 
T he November 1994 PHYSICS TODAY 

special issue on physics and the 
environment arrived, and I was de­
lighted to find we were addressing 
one of the most important issues fac­
ing our survival. Now I was to learn 
what the world of physics, my field, 
had to say. First I learned that we 
were not even going to mention nu­
clear power: Fuel cells are the fu­
ture. Then I get a dissertation on 
the nitrogen cycle, which, if it goes un­
checked, will be a major problem in a 
few thousand years. Well, if the 

continued on page 75 

jUNE 1995 PHYSICS TODAY 15 

Accessories 
for 

rftesting 
PCB emissions scanner • Locates 

low-to-high emissions, displays 
color image, stores data for design 
corrections at development stage. 

Dual-directional couplers • 
Seven models up to 15 kW, matched 

to AR amplifiers and antennas. 

Ultra-broadband E-field monitor • 
Four-channel capability, 1 to 300 V/m, 

isotropic probes cover 10kHz to 
1000 MHz or 80 MHz to 40 GHz. 

Broadband fiberoptic data links • 
Modular plug-in analog systems for 

acquiring and measuring interference 
data, stimulating EUT, displaying 
results in color or monochrome, 

10kHz to 1 GHz. 

Fiberoptic CCTV systems • 
Watch performance of EUT under 

hostile EMI and/or EMP shielded-room 
conditions, in color or monochrome. 

TEM cells • Half again the 
bandwidth of comparable-size 

chambers: To 750 MHz for 15-cm 
EUT, 375 MHz for 30-cm EUT. 

Computer bus interfaces • 
Two models, for isolated GPIB 

connection or isolated TTL connection, 
permit remote operation of amplifiers. 

RF connection kit • Things you'd 
search for around the lab: Cables, 
coax adapters, connectors, fuses, 

lamps, fabricated cables. 

Power combiner/dividers • 
Combine signals from four amplifiers, 
or divide one signal into four outputs. 

High-power rfmatching 
transformers • Match 50-ohm 

input to 12.5- or 200-ohm output. 
Upto2kW cw. 

Call toll-free (1-800-933-8181), 
and one of our applications 

engineers will answer the phone. 

a.• RmPLIRI!R 
.... RI!SI!RREII 

160 School House Road, 
Souderton, PA 18964-9990 USA • Fax 215-723-5688 

In Europe, call EMV: Munich, 89-612-8054; 
London, 908·566·556; Paris, 1·64-61-63-29. 6312 

Circle number 15 on Reader Service Card 



LETTERS (continued from page 15) 

oceans keep rising at current rates, in 
a few hundred years most of the farm­
land will be underwater, so who 
cares? Next we consider clouds and 
then deep water currents, which are 
pertinent and very interesting. 

Of course the big problem, which 
goes unmentioned, is how are we go­
ing to generate power in the 21st cen­
tury without producing greenhouse 
gases and other pollutants? Cer­
tainly fuel cells are not going to be 
able to generate large quantities of en­
ergy, and where is all the fuel for the 
fuel cells coming from? The article 
suggests biomass, solar and wind 
power. A quick calculation of the us­
able solar power input to the Earth 
indicates we are now consuming 
power at about the same order of 
magnitude as we receive it. Since 
there is no thought of serious popula­
tion limitation at this time, we can ex­
pect the power demand to rise accord­
ing to the estimated population 
growth. Therefore we need a clean 
energy source, or a drastic reduction 
in our standards of living will result. 

I am disappointed at PHYSICS TO­
DAY for treating such a serious prob­
lem so lightly, especially when the is­
sue was titled as it was. Let us try 
again soon. 

LEWIS E. HOLLANDER JR 
Bend, Oregon 

THE GUEST EDITOR OF THE NOVEMBER 
1994 ISSUE REPLIES: My goal for 

the special issue on physics and the en­
vironment was to show where physi­
cists might contribute to the generation 
of new knowledge. The five articles I 
commissioned dealt with open ques­
tions in environmental science (the ni­
trogen cycle, clouds, deep ocean cur­
rents) and in technology (fuel cells for 
mobile and stationary power, industrial 
restructuring to retain materials longer 
within the industrial system). Opportu­
nities for physicists to contribute in 
these areas are abundant. 

For the answer to Lewis Hol­
lander's question about the source of 
fuel for fuel cells, I refer him to Sivan 
Kartha and Patrick Grimes's reply to 
Gary W. Harding's letter in the 
March issue (page 11). 

As for the scale of our future en­
ergy needs, Hollander's "quick calcula­
tion" is off by a factor of 10 000. The 
solar flux of 1350 W/m2 is intercepted 
by the Earth at a rate of 1.7 x 1017 

W; 65% of this energy flow, 1.1 x 1017 

W, is absorbed, not reflected, and 
thereafter drives the Earth's chemical 
and thermal processes. By comparison, 
humans consume commercial energy at 
a rate of 1 x 1013 W (roughly 2 kW per 

capita). It follows that solar energy (as 
photovoltaic photons, photosynthesized 
biomass, wind or heat) is sufficiently 
abundant to meet all global commercial 
needs. As with nuclear fission and fu­
sion, important uncertainties surround 
the economic, social and environmental 
costs of today's and of future technolo­
gies. By not explicitly highlighting nu­
clear energy (which I acknowledged in 
the introduction to the special issue has 
"the potential . . . to loosen at least a 
few of the environmental constraints" 
on our energy-consuming activities), I 
was implicitly advocating that the ef­
forts of physicists should be distributed 
across all the energy sources, including 
fossil fuels, and energy efficiency. 

ROBERT W. SOCOLOW 
Princeton University 

Princeton, New Jersey 

Triggering Mosquitoes 
and Initial Butterflies 

I thoroughly enjoyed Paul Nahin's 
letter (March, page 132) in which 

he relates Lorenz's butterfly from 
chaos theory to Lord Kelvin's mos­
quito, of whom it was said, "if all the 
matter in the Universe were reduced 
to its ultimate atoms and equally di­
vided through all space, the distur­
bance caused by the beating of the 
wing of [this] mosquito would bring 
about everything that we find in the 
material Universe today." However, I 
believe there is an important distinc­
tion between the two insects. 

A uniform mass distribution filling 
all of space is a mechanically unsta­
ble configuration. Kelvin's mosquito 
is the trigger that perturbs this con­
figuration and sends it irreversibly on 
its way. Lorenz's butterfly, on the 
other hand, makes up part of the in­
itial conditions that must be exactly 
(and impossibly) specified before the 
evolution of a chaotic system can be 
predicted. Kelvin does not address 
the issue of sensitivity to initial condi­
tions. Thus we need both creatures: 
the mosquito to precipitate the forma­
tion of a lumpy universe, and the but­
terfly to beat its wings so that we ar­
rive at our present configuration, as 
opposed to one in which Earth orbits 
a black hole in some distant galaxy. 

JEFFREY J. IIAMILTON 
University of Maryland at College Park 

Corrections 
May, page 19--The yellow band cor­
responds to CDF's results, the blue to 
DO's and the green to the overlap. 

April, page 105-Jerome Wiesner 
was born on 30 May 1915. • 
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