
t seemed a bit ironic that, just after read-
ing the letter from Gary Burk criticizing

your magazine’s ov e rly lightweight discus-
sions of new technology or ideas, I would
read the article in Briefs [June 2000, p p .
11–13] titled “The left hand of radiation,”
which describes a new (at least to me) kind
of material that refracts radiation (light?
m i c r o wave? radio?) in a radically different
way.  Furt h e rm o r e , it suggests that the
material—copper wire—can be obtained at
the neighborhood hardware store (bell wire?
telephone hookup wire?). I am a graduate
electrical engineer with an interest in optics
and would like to obtain a greater under-
standing of this (invention? phenomenon?)
than is presented in the article. Please
enlighten me.  

Robert F. Herrman
Moorestown, New Jersey 
rafreq@juno.com

I was browsing through the June issue of
The Industrial Physicist and noticed the let-
ter from Gary Burk criticizing the lack of
depth in the publication. I agree with him. I
also understand your position—that the
magazine is designed for a broad audience,
so you need to avoid too much detail. But
you could at least give a few references or
Web sites where more information could be
obtained. For example, in the June issue, an
a r ticle on electromagnetic propagation

through left-handed materials is presented
[pp. 11–13]—but with no references. I am
sure I could dig up more information if nec-
essary, but with a full work load,I doubt that
I will take the time for a literature search or
a search on the Internet (which can be a
time-consuming crap-shoot). A few good
citations or Web addresses would make a
significant difference.

Charles F. McClure
Brookeville, Maryland
cmcclure@atrcorp.com

[We have included references with all the
Briefs in the current issue. References for
the Briefs in the June 2000 issue are as fol-
lows: “Putting nanomagnets in their place,”
Shouheng Sun et al., S c i e n c e 2 0 0 0, 2 8 7 ,
1989; “Storing bits on atoms,” J. Ahn et al.,
Science 2000, 287, 463; “The left hand of
r a d i a t i o n ,” P h y s . R ev. L e t t . 2 0 0 0 , 8 4 ( 1 8 )
4184. For the latter, you may also try con-
tacting one of the authors, Sheldon Schultz
(sschultz@ucsd.edu).—Ed.] 

Moore’s law
I’m tired of sloppy science writing—in a

magazine for phy s i c i s t s , no less—that refers
to “Moore’s law.” Gordon Moore made an
interesting prediction many years ago about
semiconductor complexity, but predictions do
not make law s , as good scientists should
k n o w. Predictions turn into laws only after
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l e n g t hy analysis and experimentation. Even
P y t h a g o r a s ’s relationship between the sides
and hypotenuse of a right-angled triangle
still goes by the name “theorem.” How can
you call Moore’s relationship a law when
your own article states, “...cut in half in four
y e a rs rather than the six predicted by
M o o r e ’s law.” Not a very good law, is it, if it
falls apart after only a few years? Call it
M o o r e ’s hy p o t h e s i s , or Moore’s postulate,
but please show more care in your scientific
w r i t i n g. You gain nothing by carrying on an
i n c o rrect notation accepted uncritically by
the popular press.

Jon Titus
Test & Measurement World
Newton, Massachusetts
jontitus@cahners.com

Diamond
With regard to the correction to the nan-

otube ar ticle (Fe b ru a ry 2000, p. 4), I
b e l i eve it should have read: “Unlike dia-
m o n d , a semiconductor with a large
b a n d g a p , and graphite, …” Diamond is
really the ideal semiconductor except for
its price, the unavailability of large defect-
free substrates, and the difficulty of
mechanically working it. It has a large
bandgap, so conductivity is low unless it is
doped. The breakdown field and the elec-
tron velocity are high. Diamond has a high
t h e rmal conductivity, so heat can be
r e m oved from the device. Diamond is
beginning to be used as a coating and
lubricant for computer disks and tools. I
believe that diamond can be used to make
a very fast switch, which would be useful
in a compact and inexpensive radar, a n
object-proximity sensor for a car (or blind
p e rs o n ) , or a ground-proximity sensor for
an airplane.

Don Pellinen
Silicon Quest International, Inc.
Santa Clara, California
don@siliconquest.com

Energy rolls on
In the Fe b ru a ry 2000 issue, J e s s e

Ausubel wrote a piece titled “Where is
Energy Going?” (pp. 16–19). I agree with

him that hydrogen could and should play a
large role in the future of energy. However,
there is a way to get hydrogen other than
the one he suggests, that is, to electrolyze
water using photovoltaics. The beauty of
this method is that it gives a totally clean
e n e r gy cycle, s t a rting with sunlight and
water and finishing with electricity (made
in a fuel cell) and water. 

Mr. Ausubel’s comment that “solar and
wind cannot power people by the billions”
is incorrect. Each day, we receive enough
sunlight on Earth to power civilization for
something like 20 years! At present,only a
t i ny amount of photovoltaic energy via
solar electric cells is produced each year
(about 130 MW). If all we do is increase
this energy production by a factor of 10 or



so, the cost per watt to make and install
solar electric cells will be less than that of
a ny other form of power generation. And
yes, photovoltaics can power photovoltaics
factories (and computer chip factories, and
ev e rything else)! As for wind energy, i t
already costs the same as other forms of
p o wer generation in many areas of the
c o u n t ry and the worl d , and the installed
capacity is growing very fast. Use the best
nuclear reactor available: the Sun!

Gay E. Canough
ETM Solar Works
Endicott, New York
etm@tier.net

[Author replies: Fi rs t , I believe that, i n
the long ru n , t h e rmochemical processes
h ave more promise than electrolysis for
producing hydrogen for 10 billion or more
p e o p l e , because of the large plant areas
required for electrolysis, especially if the
plants have a very low power density, a s
p h o t ovoltaic (PV) plants do. More impor-
t a n t l y, D r. Canough must realize that
“solar and renewa b l e s ,” despite their
sacrosanct status, are dirt y. The appropri-
ate description for PVs comes from The
Rolling Stones—“Paint It Black.” Pa i n t i n g
large areas with efficient (black) absorbers
ev o kes dark , 1 9 t h - c e n t u ry visions of the
land. I prefer daffodils, prickly pear, o r
white Carrara marble. Moreov e r, some of
the efficient PVs contain nasty elements,
such as cadmium. Dams kill rivers; towe r-
ing windmills blight landscapes, kill birds,
and irritate with low-frequency noise; and
biomass gobbles land from nature. With-
out vastly improved energy storage, w i n d-
mills and PVs will never be more than
s u p e rnumeraries for the methane and ura-
nium plants that operate reliably round-
the-clock day after day. And the feasible
increment of one mill, s ay, o p t i m i s t i c a l l y,
20 MW, looks puny in a 20- or 40- or 100-
TW world. Since 1980, the U.S. Depart-
ment of Energy has spent about $6 billion
on solar, $2 billion on geotherm a l , $1 bil-
lion on wind, and $3 bil lion on other
r e n ewables. Yet renewable energy output,
other than hy d r o e l e c t r i c , remains about
2% of U.S. capacity, and much of that is

wood byproducts used to fuel the wood
products industry. Cheerful self-delusion
about new solar and renewable energy
since 1970 has yet to produce a single
quad of the more than 90 quadrillion Btu
the U.S. will consume in 2000. As my art i-
cle proposed, l e t ’s sanctify methane rather
than false or minor gods. 

Jesse Ausubel]

I have enjoyed reading Jesse Ausubel’s
a rticles in The Industrial Physicist and the
items on his program’s Web site. Howev e r,
I’m amazed that the powe rs-that-be at The
R o c kefeller University tolerate his comments
on nuclear powe r. Such comments are cor-
r e c t , but certainly not politically corr e c t .
A d m i n i s t r a t o rs of any university located in
N ew Yo rk State would normally stifle them.
Those powe rs must have considerable self-
confidence to permit his voicing of unthink-
able thoughts! Keep on keeping on.

John J. Coupal
University of Kentucky
College of Medicine
Lexington, Kentucky
jcoupal@qx.net

I used to work on nuclear power and pres-
surized water reactors and also toured
fusion power research facilities at national
labs. I am now working for the textile indus-
t ry on electrotechnology projects, some of
which have been funded by the Electric
Po wer Research Institute and the Te n-
nessee Va l l ey Authority. You are corr e c t
about electricity: if we can push electrotech-
nologies in place of combustion in our man-
ufacturing industries, we will pave the way
for a restart of nuclear construction by ban-
ning burning of fuels of any sort on-site. This
is a green concept. The teaching of nuclear
p o wer must first be restarted in American
u n i v e rs i t i e s , most of which have dropped it
from their engineering programs or are
doing so. Meanwhile, the French and Japan-
ese are swapping boatloads of breeder reac-
tor fuels through the Panama Canal (on a
monthly basis, I think). So it is America that
is at risk in the world energy economy. What
are your thoughts on global wa rm i n g ?

Morton W. Reed

Former professor of chemical 
engineering

LaGrange, Georgia
ringo5766@aol.com

[Author replies: I love electrification.  It
was the miracle of the 20th century and
surely will transform many more industries
in the 21st, including textiles. Good luck in
your work. The key to the nuclear restart is
to transform the economics of reactors by
allowing them to produce both electricity
and H2. A steepening rise in demand for
electricity surely helps—then, we need big
increments in capacity, not just retouching
here and there with microturbines. At our
Web site, you will find some papers about
climate and other subjects that may inter-
est you (http://phe.rockefeller.edu/).

Jesse Ausubel]

I compliment you on your well written art i-
c l e , “Where is Energy Going?” (Fe b ru a ry
2 0 0 0 , pp. 16–19). We also believe that
hydrogen is the fuel of the future and are
i nvestigating a system that uses aqueous
solutions to provide hydrogen at close to
room temperature from renewable resources. 

Here are some details about our sys-
tem. We use aqueous alkaline solutions of
N a B H4 for H2 generation. A solution of
N a B H4 in water is extensively used as a
reducing agent in wa s t ewater processing
(to reduce heavy metals), as a bleaching
agent in the paper and pulp industry, and
as a reducing agent in the pharmaceutical
industry. These nonflammable NaBH4 solu-
tions are air-stable and can be kept in an
open beaker at room temperature. Howev-
er, when these solutions contact selected
high-surface-area metal catalysts (e . g.,
c o b a l t , ru t h e n i u m , and platinum), r a p i d
hydrolysis occurs and H2 gas is generated.
This exothermic hydrolysis reaction can be
simply represented as
NaBH4(aq) + 2H2O Æ NaBO2(aq) + 4H2

Catalyst
which gives 300 kJ of heat.

When borohydride solution is separated
from these catalysts, H2 generation stops
and the NaBH4 solution is once again sta-
ble. This allows for controlled, safe genera-

L e t t e r s
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tion of H2. Since this system is totally inor-
g a n i c , the generated H2 stream does not
contain impurities such as CO or CO2. The
generated H2 gas contains water vapor
(which is perfect for proton exchange mem-
brane (PEM) fuel cells). The formed NaBO2
reaction product is water soluble and env i-
ronmentally innocuous. This compact sys-
tem can store about 7 wt% H2.

The H2 generation rate is a function of
the amount of catalyst, the NaBH4 s o l u t i o n
c o n c e n t r a t i o n , and temperature. At 25 °C,
for example, we can generate 60 mL H2/ s
per gram of ruthenium catalyst. We hav e
generated H2 from these solutions even at
0 °C. Our catalysts can be supported on a
number of substrates (e.g. , m e t a l s , r e s i n s ,
and carbons). We have designed and con-
s t ructed numerous prototype H2 g e n e r a-
t o rs based on this system that generated
enough H2 to power a 75-W PEM fuel cell
and even a 1-kW internal combustion
engine running on H2. Our goal is to powe r
a suburban utility vehicle with H2 g e n e r a t-
ed onboard.

We believe that it is possible to regener-
ate borohydride from the borate reaction
product, and we are addressing that point. 

Steven Amendola 
Millennium Cell
Eatontown, NJ  
amendola@millenniumcell.com

[Author replies: The power density of the
m a c h i n e ry, and thus the space required for a
p l a n t , m a kes the use of electrolysis for
large-scale production of hydrogen problem-
atic. Accordingly, t h e rmochemical processes
look attractive. The right catalysts will be key
to economical success.  Making large
amounts of hydrogen near room tempera-
ture seems unbelievable at present, b u t
applause to bold experimenters .

Jesse Ausubel]

The hydrogen/carbon ratio in all our car-
bon-based fuels (see The Industrial Physicist,
Fe b ru a ry 2000, pp.16–19) is irr e l evant. In
all those fuels (wood, c o a l , o i l , and gas), t h e
oxidation state of hydrogen is +1. At the end
of the combustion process, all the hy d r o g e n
is found in water and the oxidation state is

still +1. No energy is derived from hy d r o g e n ,
and so there is no evolution toward a hy d r o-
gen-based fuel source. Burning hy d r o g e n
directly toward water is a completely differ-
ent situation. The oxidation state of elemen-
tal hydrogen is 0, and in the combustion
p r o d u c t , wa t e r, the oxidation state is +1. In
this case, the energy is derived from hy d r o-
gen. The differences among our carbon-
based fuels are in the oxidation state of the
carbon. In wood, c a r b o n ’s oxidation state is
0 on av e r a g e , as it is in coal. In oil, the av e r-
age carbon oxidation state is –2, and in nat-
ural gas, it is –4. In all cases, the carbon is
b u rned to carbon dioxide, where carbon is in
the +4 state. So, as society progressed
through this series of fuels, there was an
“ evolution” to more energy-intensive materi-
als. But the energy in all these cases came
from carbon.  

Dave McCall
Master Chemical Corp.
Perrysburg, Ohio
DaveMcCall@aol.com

[Author replies: I hope my article made
clear that the increasing spatial density of
e n e r gy consumption forces the evolution of
the system finally toward hydrogen and
e l e c t r i c i t y. The decarbonization of primary
e n e r gy sources is a consequence, not a
cause. Nev e rt h e l e s s , as Dave McCall con-
c e d e s , the evolution of the H/C ratio is real.
And it is remarkable: we can document few
phenomena that proceed monotonically for
centuries through depressions, wa rs , a n d
political regimes of all kinds. I wonder about
M c C a l l ’s energetic re-interpretation. Accord-
ing to his view, 1 kg of carbon in wood
should produce the same energy as 1 kg in
coal. Had I lived in 1850, I would hav e
e a g e rly opened a shop to exchange the for-
mer for the latter

Jesse Ausubel]

We welcome your comments and ques-
tions. Send them to the Editor, T h e
Industrial Physicist (One Physics Ellipse,
College Pa rk , MD 20740-3843; fax
301-209-0842; e-mail tip@aip.org); or
respond from our Web s ite
( w w w. a i p . o r g / t i p , click on Letters ) .
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