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Coal Research (I): Is the Program Moving Ahead? 
Coal occupies a unique position 

among U.S. energy resources. We have 
lots of it, at least 1.7 trillion tons-poten- 
tially more energy than all the remaining 
petroleum, natural gas, oil shale, and tar 
sands in the country combined. But coal 
is a dirty, inconvenient fuel for most uses, 
and the means to clean it up or convert 
it to other fuels are not far advanced, 
despite years of federal research pro- 
grams and the expenditure of hundreds 
of millions of dollars. Equally unresolved 
are the environmental and social prob- 
lems of mining coal, problems that would 
be exacerbated by a greatly expanded 
use of this material. Nonetheless, in the 
face of a growing shortage of natural 
gas and rising oil imports that now 
exceed 40 percent of U.S. consumption, 
coal appears to be a greatly underutilized 
resource. 

The problem is only partly a lack of 
technology. Techniques exist, for ex- 
ample, to convert coal into synthetic nat- 
ural gas, to gasoline and other liquid 
fuels, and to clean up the emissions from 
coal-fired boilers, although there are sub- 
stantial problems with some of these 
processes. A more fundamental diffi- 
culty is the high cost of clean energy 
from coal. Synthetic fuels especially, if 
made with existing processes, appear 
likely to cost nearly twice the highest 
prices now paid for oil and gas. Uncer- 
tainties about environmental and regula- 
tory policies, about the intentions of the 
oil exporting countries, and about the 
degree of political support for federal 
assistance in launching whole new indus- 
tries are also major deterrents to a wider 
use of coal. Indeed, many observers 
agree with Eric Reichl, a leading coal 
scientist and president of Continental 
Oil's coal development company, that 
"the problem of coal conversion is much 
more a political and economic issue than 
it is a technical one." 

In any case, no synthetic fuel plants 
based on coal are being built in the 
United States at present; official esti- 
mates of the synthetic fuel capacity on 
line in 1985 have been substantially re- 
duced from the equivalent of 1 million 
barrels of oil a day (about 20 plants) to 
about one-third of that figure and are still 
widely regarded as overly optimistic un- 
der existing conditions. Nor is coal yet 
replacing oil and gas in electric gener- 
ating plants. The Federal Energy Ad- 
ministration has ordered less than 75 pow- 
er plants with a capacity of only 11,000 
megawatts to switch back to coal, and 
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even these orders have not yet gone into 
effect because of delays for environmen- 
tal impact statements. Moreover, nearly 
30 percent of the new fossil-fired power 
plants to be built in the next 5 years 
(approximately 95,000 megawatts) are to 
use oil or gas, according to Elburt Os- 
born, a former director of the Bureau of 
Mines now associated with the Carnegie 
Institution of Washington. 

The coal research program of the Ener- 
gy Research and Development Adminis- 
tration (ERDA) is designed to remedy 
these problems, or at least their technical 
aspects, by developing a new generation 
of coal processing techniques. These 
"second-generation" processes promise 
improvements in economics, efficiency, 
and reliability over existing processes, 
although these advantages have yet to be 
demonstrated, and they will make avail- 
able a wider range of synthetic fuels and 
coal combustion techniques. The coal 
research program is growing rapidly, 
with expenditures of over $500 million 
planned in the coming fiscal year (FY77) 
and informal estimates of a $1-billion 
budget in the near future. ERDA officials 
are hopeful that equipment on a com- 
mercial or near-commercial scale will be 
demonstrated for as many as a half-doz- 
en new liquefaction, gasification, and di- 
rect combustion processes by the early 
1980's. They express the belief that, 
since most of the agency's work is con- 
tracted out to industrial concerns, these 
new technologies will take root there and 
rapidly sprout a full-fledged industry. 

This is an optimistic picture, and inter- 
views with a large number of coal scien- 
tists reveal widespread concern about 
whether the coal research program is in 
fact moving ahead. Nobody will say on 
the record that the program is in trouble, 
for fear of embarrassing their own institu- 
tions or damaging their relationship with 
ERDA. But in private many assert that 
the core of the ERDA program, which 
was largely inherited from the Interior 
Department's Office of Coal Research 
(OCR), is not technically sound. Even 
more important is the division of risk 
sharing and management control be- 
tween government and industry. Many 
observers fear that as ERDA's program 
is now constituted, few companies will 
put up their share of the money to build 
demonstration plants. The consequences 
may be the failure of the coal R & D 
program, the critics say, leaving the 
United States facing the closing decades 
of the century without the technolo- 

gies to make use of our coal resources. 
ERDA officials seem to acknowledge 

the problems. George Rial, head of the 
fossil energy demonstration plant pro- 
gram, admits that ERDA's policy of re- 
quiring a fifty-fifty sharing of costs be- 
tween industry and government is con- 
troversial and not yet proved. Philip C. 
White, ERDA's assistant administrator 
for fossil energy, says flatly that the OCR 
program was not soundly based and that 
ERDA will very likely shut down some 
of the older pilot plants, especially in the 
gasification program, or convert them to 
other uses. Raymond Zahradnik, head of 
coal process development, is quick to 
emphasize the changes that ERDA has 
made since taking over. These officials 
are optimistic that the problems can be 
overcome-an optimism that is not uni- 
versally shared, however, even within 
the ERDA bureaucracy. 

It is only fair to point out that any 
program as large as the coal R & D ef- 
fort, which spans matters of concern to 
the oil, gas pipeline, and electric utility 
industries, is unlikely to please every- 
body. Moreover, most of the program's 
critics in the coal research community, 
even those who agreed to speak candidly 
only with a promise of anonymity, go on 
to say that they view White and his 
immediate lieutenants as technically 
competent and not entirely to blame for 
the problems they face. "White inherited 
a mess," was the way Seymour Alpert of 
the Electric Power Research Institute put 
it. "He didn't make the rules and he 
can't change them." Another observer 
referred to "those beleaguered people 
down there in Washington." But 
ERDA's fossil fuel research officials get 
low marks for going along with programs 
and policies that, the critics charge, make 
little sense. 

The policy of fifty-fifty cost sharing, 
for example, was apparently imposed on 
ERDA by the Office of Management and 
Budget-it is not in the agency's en- 
abling legislation, which provides for a 
more flexible approach. Nor have many 
of the OCR programs been canceled, 
apparently in part because of opposition 
from influential legislators in the affected 
states-' 'politically difficult" is how 
White describes the process. White's re- 
sponse has been to give closer scrutiny 
to new projects before they are started. 
"We have committed a lot of taxpayer's 
money to develop second-generation 
processes, and we will have to be more 
and more hard-boiled about new starts." 
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One result of the escalating demands 
of existing programs, however, is that 
money is extremely tight, with much of 
the program's future budgetary growth 
already committed. Many individual in- 
vestigators and program directors are 
finding it hard to get funding for new 
ideas and they are concerned that the 
process of innovation not be shut off 
entirely. Some report that their problems 

in dealing with ERDA are compounded 
by its bureaucratic inefficiency-a year 
is said to be an average length of time to 
get a contract out of the agency-and by 
the relatively small proportion of staff 
people in the fossil energy division who 
have a technical background in coal re- 
search. "It is damn galling to sit in front 
of some guy who doesn't know the first 
thing about coal and try to explain your 

Oil and Coal: A Troublesome Mix 
In seeking to develop new means of processing coal, the Energy Research 

and Development Administration is depending heavily on participation by 
private industrial companies and asking them to put up both money and 
technical know-how. But the involvement of many of these companies with 
coal extends far beyond research. The oil industry's connection to coal in 

particular is coming under scrutiny because oil companies own large 
portions of the nation's coal reserves and several of the largest coal 

producers. It should be noted that gas pipeline and electric utility companies 
also own a lot of coal, but the wrath of critics ranging from Arnold Miller of 
the United Mine Workers to Senator James G. Abourezk (D-S.D.) has been 
directed primarily at the oil companies. "Oil and coal don't mix" has 
become a catchphrase among those who favor limiting companies to own- 

ership of a single energy source (horizontal as opposed to vertical divesti- 
ture, which is also being proposed). 

It is also true, however, that much of this country's limited expertise in 
coal processing and a majority of the privately funded efforts to develop 
synthetic fuels are to be found in oil companies. Exxon, for example, claims 
to have spent over $50 million of its own money on a new coal liquefaction 
scheme known as the donor solvent process. Texaco has put considerable 
effort into a new coal gasification process based on partial oxidation of the 
feed material; originally developed and put into commercial use for gasify- 
ing heavy oil residues, the process has been tested with a wide range of 
coals. Under contract with the Office of Coal Research (now ERDA), Gulf 

developed a process known as solvent refining that is akin to liquefaction, 
and that the company is now seeking to put into commercial use. Other 

companies regarded by many observers as having special expertise are 
Continental Oil and Shell in gasification and Ashland Oil in liquefaction. 

One does not have to be a defender of the oil companies to find a certain 

inconsistency in trying to break them up or limit their holding of coal on the 
one hand, and asking them to participate in developing new coal tech- 

nologies on the other. Indeed, the attack on the oil companies seems to be 

having an impact on the research program. The 8 October 1975 Senate vote 
on breaking up the oil companies, in which the pro-divestiture forces 
recorded 45 votes, reportedly scared a lot of people in the industry and, 
according to Philip C. White, ERDA's assistant administrator for fossil 

energy, is affecting two key liquefaction projects, a view supported by other 
observers as well. Both Hydrocarbon Research, Inc., which is developing a 

process known as H-coal, and Exxon are reportedly having trouble finding 
backers for industry's share of the money to build large pilot plants. 

Thus the dilemma, evident in much of the debate over synthetic fuels, 
divestiture, and the role of coal in the U.S. energy economy: Should the 
United States punish the oil companies for their alleged economic and 
technical monopoly and for what many observers regard as their past efforts 
to prevent meaningful coal research programs? Or should the country 
attempt to use the oil companies' expertise and economic might to bring 
coal and coal-based fuels more into the mainstream of U.S. energy supplies, 
if necessary by changing the rules and offering incentives to develop the 

necessary technology? It is a choice that is liable to be more and more 

pertinent as shortages of natural gas and our dependence on imported oil 
increase.-A.L.H. 
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program," one administrator of an ER- 
DA energy research center told Science. 
But these are clearly secondary to the 
issue of whether the R & D effort will 
accomplish its goal of launching new 
combustion and synthetic fuel tech- 
nologies into commercial use. 

In a talk earlier this year at the AAAS 
meeting in Boston, Reichl said, "With 
ERDA as the virtually sole sponsor of 
any major effort in the field, their respon- 
sibility for selecting a program which 
assures success . . . is enormous." 
Reichl went on to suggest that ERDA is 
not yet living up to its responsibility and 
should pursue a broader range of techni- 
cal choices based more closely on past, 
largely German, experience. "The 
worst," he concluded, "would be to 
build plants that don't work." Reichl did 
not refer to any specific plants, but one 
mentioned by many observers is ER- 
DA's liquefaction demonstration plant. 

A request for proposals to build such a 
plant to produce clean boiler fuel from 
coal was issued in 1974 by the OCR. The 
project was designed with the oil indus- 
try in mind, but attracted only one seri- 
ous response, a joint venture of Union 
Carbide and Chemical Construction 
Company (known as Coalcon) with the 
backing of a 14-member consortium. De- 
spite the meager response, the project 
was funded as OCR's last act-almost 
literally at midnight, 17 January 1975, 
before authority passed to ERDA. The 
plant is nearly completely designed, but 
a decision to proceed with construction 
(for which costs are to be borne equally 
by ERDA and Coalcon) has been post- 
poned until 1977. ERDA and some of the 
industrial backers are reconsidering the 
venture, which now appears to have 
both some unresolved technical prob- 
lems and, because of costs sharply high- 
er than estimated in the original bid, 
uncertain economic prospects. Critics 
describe it as "a disaster." White says he 
is optimistic the project will go ahead. 

Whether Coalcon succeeds or not, the 
circumstances surrounding this first ef- 
fort to demonstrate an advanced coal 
conversion technology illustrate the 

problems involved. Gulf Oil had ex- 

pressed interest in a boiler fuel demon- 
stration plant and, by virtue of its long 
experience with a coal conversion pro- 
cess widely regarded as technically 
promising, had been expected to bid for 
it. But, according to a report by the 
General Accounting Office,* Gulf offi- 
cials declined to participate because they 
regarded the terms as giving the govern- 
ment too much control over the project. 
Other companies have also expressed 

*Report to the Senate Committee on Public Works, 
RED-76-81, General Accounting Office, 5 May 1976. 
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concern over ERDA's patent policies. 
According to Rial, these policies have 
recently been made more flexible. 

Still others have questioned whether 
demonstration plants for coal liquefac- 
tion technologies are not premature. In 
testimony last year before the House 
Committee on Science and Technology, 
Exxon vice president W. T. Slick said, 
"commercially promising coal liquefac- 
tion technology is just moving into the 
early stages of large pilot plant devel- 
opment," and larger plants "cannot logi- 
cally be considered until after successful 
large pilot plant testing...." Slick sug- 
gests that demonstration plants are not 
necessary at all and in fact will only 
delay the process of developing new 
technologies by imposing an extra, and 
costly, step; he favors scaling up tech- 
nology from a large pilot plant to a first 
commercial plant, provided government 
will share the risks involved. 

Coal gasification is a second major 
area of research, and one in which indus- 
try appears more enthusiastic about par- 
ticipating in the ERDA program. Five 
companies submitted proposals to dem- 
onstrate methods of making synthetic 
natural gas, and ERDA last month 
awarded contracts for design of the 
plants to two of the entries. But gasifica- 
tion research appears to be closely 
coupled to the prospects for commercial- 
ization of the resulting technologies. 
Since these are expected to be only mar- 
ginally more efficient and cheaper than 
existing gasification processes, industrial 
progress provides a relevant yardstick of 
their commercial chances. 

Several commercial gasification plants 
based on existing technology have been 
announced but are presently in limbo. 
Escalating costs have made it nearly im- 
possible to raise the money to finance 
them without regulatory changes and 
government assistance, according to the 
financial consulting firm of Dillon Read 
& Co. Congressional approval of such 
assistance in the form of loan guarantees 
has not been forthcoming, however. 
These "first-generation" gasification 
plants are widely seen as pioneering the 
uncharted political, environmental, and 
regulatory hazards of a synthetic fuels 
industry. If they do not go ahead, the 
prospects for the unproved second-gen- 
eration processes may be poor indeed. 

Reichl, although his firm is one of the 
winners of the design contracts for the 
demonstration plant, says, "The crea- 
tion of a synthetic gas industry will not 
depend on the outcome of this R & D 
program" because "there is no way to 
reduce the cost of synthetic gas by 
R & D to such an extent that it would 
affect the political decision" to go ahead 
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with synthetic fuels. He estimates, in 
fact, that the new processes will only 
reduce the cost of synthetic gas by about 
10 percent, although ERDA's estimates 
are slightly more optimistic. Reichl be- 
lieves that it is still feasible for a group of 
companies to put up the money to build a 
demonstration plant. Other observers be- 
lieve, however, that it is doubtful wheth- 
er companies will actually put up the 
$200 million or more that will probably 
be required for their share of such a plant 
if there is still no prospect of com- 
mercializing gasification technology 
when the decisions to go ahead will have 
to be made in 1978. 

A more recent ERDA effort, to demon- 
strate gasification processes for use with 
industrial and electric utility boilers (low- 
Btu rather than pipeline quality gas), at- 
tracted still more proposals from indus- 
try, some 13 in all. But none of them 
included a major utility company as a 
participant, thus assuring, according to 
observers familiar with the utility indus- 
try, that the project will not lead to wide- 
spread adoption of the results, whatever 
its technical success. 

The prospects look better in the area 
of direct combustion of coal, however. A 
novel fluidized bed boiler of a size appli- 
cable to generation of process steam or 
small amounts of electricity is to begin 
operation in Rivesville, West Virginia, 
this fall. If it works, commercial in- 
troduction could be rapid. At least one 
major boiler manufacturer, Foster 
Wheeler, has announced it will begin 
marketing and granting warranties on the 
boiler after 6 months of successful opera- 
tion. ERDA is preparing to seek propos- 
als for demonstrating a larger unit of the 
same type for use by electric utilities. 

The OCR Legacy 

For now, the demonstration plants for 
liquefaction, gasification, and fluidized 
bed combustion exist only on paper, and 
it is the smaller pilot plants that consti- 
tute the core of the coal R & D program 
at present-nearly all of those now in 
operation or nearing operation begun 
during OCR's 15-year reign. The OCR 
program has produced few outright fail- 
ures. But "it is difficult to say that any- 
thing positive came out of the program," 
according to John O'Leary, a longtime 
observer who was director of the Bureau 
of Mines and is now head of New Mexi- 
co's Energy Resources Board. O'Leary 
points out that OCR was set up to aid the 
coal industry, not to solve a national 
problem, and that it quickly became "a 
token program." Other observers point 
to its domination by political influences 
that dictated such things as the location 
of plants for processing eastern coals in 

the state of Washington, and a lead- 
ership that, according to one senior ER- 
DA official, "confused activity with prog- 
ress." Confidence in many, perhaps 
most of the resulting processes is not 
high within industry and the technical 
community. This aura of failure was un- 
derscored by the fact that none of the 
four gasification processes for which pi- 
lot plants have been built were among 
the two chosen for design of the demon- 
stration plant. Instead, the key elements 
of both of the winning processes were 
developed in England. Nonetheless, few 
of these older programs have been can- 
celed, and the coal research program as a 
whole suffers from its association with 
the questionable technologies and poli- 
cies inherited, and to some degree per- 
petuated, by ERDA. 

Unsuccessful attempts to launch a syn- 
thetic fuels industry in the United States 
have been made twice before, in the 
1920's and again following World War II. 
The first was abandoned after discovery 
of the large East Texas oil fields under- 
cut any hope of commercial success. The 
second, which included about $100 mil- 
lion in federal R & D work and construc- 
tion of several successful pilot plants at 
Louisiana, Missouri, between 1948 and 
1953, was scuttled by realization of the 
magnitude of the vast Middle East oil 
reservoirs. Then, as now, the real prob- 
lem with synthetic fuels is economic. 
Even with imported oil reaching the 
United States at around $12.50 a barrel 
(equivalent to $2.15 per million Btu's), 
coal-based fuels do not appear to be 
competitive. Most estimates are that syn- 
thetic oil and gas from coal will cost 
close to $4 per million Btu's. 

For that reason the oil industry does 
not appear especially eager to move into 
synthetic oil without federal subsidy in 
some form, especially since imported oil 
is still readily available. The coal indus- 
try has shown even less willingness to 
develop coal-based synthetic fuels (and 
the major exception, Consolidation 
Coal, is a subsidiary of Continental Oil). 
The gas industry, facing more immediate 
shortages, is more eager, provided they 
get permission to sell synthetic natural 
gas at regulated prices high enough to 
yield a profit. 

A number of politicians and public 
interest groups have opposed subsidies 
for synthetic fuels as a giveaway to the 
energy companies. Others are opposed 
to a wider use of coal in any form be- 
cause of unresolved environmental and 
social problems associated with its min- 
ing and conversion to clean fuels. On the 
other hand, many scientists and engi- 
neers unconnected with industry have 

(Continued on page 704) 
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called for construction of at least a few 
synthetic fuel plants, at government ex- 
pense if necessary, as a form of in- 
surance against the petroleum exporting 
countries' greed. Still others, impressed 
with how soon world oil production 
might begin to decline (10 to 25 years are 
common estimates) and how long it takes 
to build up a new industry, have urged 
rapid and wholesale moves to synthetic 
fuels. 

This debate is reflected in the ambiva- 
lence about coal and synthetic fuels in 
Congress and in the country as a whole. 
Congress, for example, last year killed a 
bill to permit federal loan guarantees for 
the first commercial synthetic fuel 
plants. Revived this year, the bill was 
passed by three different committees in 
the House but gutted in the fourth, and 
its future is very uncertain. Many observ- 
ers of the coal research program seem to 
think that Congress, whose 35 com- 
mittees and subcommittees dealing with 
energy leave ERDA little that it can call 
its own policies, may in fact have set the 
agency a nearly impossible task in asking 
it to push the commercialization of new 
technologies under present conditions. 

This ambivalence about coal and 
about taking decisive measures to relieve 
this country's dependence on scarce 
fuels-oil and gas-is not restricted just 
to Congress. Environmentalists who are 
opposed to nuclear power plants do not 
endorse coal-fired plants in their stead. 
Few industrial companies want to ex- 
change the convenience of oil and gas for 
the unfamiliar complexities of the equip- 
ment necessary to clean up coal or to 
convert it to a form usable in their 
existing plants, either. General Motors, 
for example, which faces a cutoff of the 
natural gas used in its body plants, has 
leased drilling equipment and is seeking 
to develop its own sources of gas rather 
than buy gasifiers and coal. 

Perhaps 'this reluctance to come to 
terms with coal explains why White told 
Science, "What we need to get the syn- 
thetic fuels program going is a really cold 
winter," a sentiment echoed by others. 
That event would most immediately af- 
fect the supply of natural gas and draw 
new atttention to efforts to make synthet- 
ic gas, which will be the subject of a 
second article. But it is a sad comment 
on the state of the nation's coal research 
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program that its success, so crucial to 
any eventual hope of energy indepen- 
dence, is so widely acknowledged to be 
as uncertain as the weather. 
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this book circle No. 518 on Readers' Service 
Card 

BOOK ORDER SERVICE 
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P. K. Stumpf. Wiley, New York, ed. 4, 1976. 
viii, 630 pp., illus. $15.95. To order this book 
circle No. 509 on Readers' Service Card 

Phonons and Resonances in Solids. Baldas- 
sare Di Bartolo and Richard C. Powell. Wiley- 
Interscience, New York, 1976. xviii, 516 pp., 
illus. $24.95. To order this book circle No. 
510 on Readers' Service Card 

Photochemical and Photobiological Reviews. 
Vol. 1. Kendric C. Smith, Ed. Plenum, New 
York, 1976, xii, 392 pp., illus. $32.50. To order 
this book circle No. 511 on Readers' Service 
Card 

Polymer Blends and Composites. John A. 
Manson and Leslie H. Sperling. Plenum, New 
York, 1976. xviii, 514 pp., illus. $39.50. To or- 
der this book circle No. 443 on Readers' Ser- 
vice Card 

The Post-Physician Era. Medicine in the 
Twenty-First Century. Jerrold S. Maxmen. 
Wiley-Interscience, New York, 1976. xii, 300 
pp. $15.95. To order this book circle No. 478 
on Readers' Service Card 

Principles of Lasers. Orazio Svelto. Trans- 
lated from the Italian edition by David C. Han- 
na. Plenum, New York, 1976. xii, 376 pp., il- 
lus. $25. To order this book circle No. 444 on 
Readers' Service Card 

Progress in Analytical Chemistry. Vol. 8. Pa- 
pers from a symposium, New York, Oct. 
1976. Ivor L. Simmons and Galen W. Ewing, 
Eds. Plenum, New York, 1976. viii, 336 pp., 
illus. $29.50. To order this book circle No. 479 
on Readers' Service Card 

Progress in Behavior Modification. Vol. 2. 
Michel Hersen, Richard M. Eisler, and Peter 
M. Miller, Eds. Academic Press, New York, 
1976. xvi, 368 pp. $19. To order this book 
circle No. 512 on Readers' Service Card 

Psychopathology and Child Development. 
Research and Treatment. Papers from a collo- 
quium, Chapel Hill, N.C., Oct. 1973. Eric 
Schopler and Robert J. Reichler, Eds. Ple- 
num, New York, 1976. xvi, 396 pp. $22.50. To 
order this book circle No. 513 on Readers' 
Service Card 

Queueing Systems. Vol. 2, Computer Appli- 
cations. Leonard Kleinrock. Wiley-Inter- 
science, New York, 1976. xxii, 550 pp., illus. 
$24.95. To order this book circle No. 514 on 
Readers' Service Card 

Radiopharmacy. Manuel Tubis and Walter 
Wolf, Eds. Wiley-Iinterscience, New York, 
1976. xvi, 912 pp., illus. $44.50. To order this 
book circle No. 515 on Readers' Service Card 

Recall and Recognition. John Brown, Ed. 
Wiley-Interscience, New York, 1976. x, 276 
pp. $24.50. To order this book circle No. 516 
on Readers' Service Card 

Reduced Density Matrices in Quantum 
Chemistry. Ernest Roy Davidson. Academic 
Press, New York, 1976. viii, 136 pp. $17. The- 
oretical Chemistry, vol. 6. To order this book 
circle No. 517 on Readers' Service Card 

Simplified Design of Reinforced Concrete. 
Harry Parker. Fourth edition prepared by 
Harold D. Hauf. Wiley-Interscience, New 
York, 1976. xvi, 304 pp., illus. $15. To order 
this book circle No. 518 on Readers' Service 
Card 

Solid State Physics. Advances in Research 
and Applications. Vol. 31. Henry Ehrenreich, 
Frederick Seitz, and David Turnbull, Eds. Ac- 
ademic Press, New York, 1976. xiv, 306 pp., 
illus. $25. To order this book circle No. 519 
on Readers' Service Card 

Solid State Physics. Advances in Research 
and Applications. Vol. 31. Henry Ehrenreich, 
Frederick Seitz, and David Turnbull, Eds. Ac- 
ademic Press, New York, 1976. xiv, 306 pp., 
illus. $25. To order this book circle No. 519 
on Readers' Service Card 

Spectroscopic Data. Vol. 2, Homonuclear 
Diatomic Molecules. S. N. Suchard and J. E. 
Melzer, Eds. IFI/Plenum, New York, 1976. 
viii, 586 pp. $57.50. To order this book circle 
No. 520 on Readers' Service Card 

Structural Studies of Macromolecules by 
Spectroscopic Methods. Papers from a meet- 
ing, Bedford, England, July 1974. K. J. Ivin, 
Ed. Wiley-Interscience, New York, 1976. xiv, 
340 pp., illus. $37. To order this book circle 
No. 521 on Readers' Service Card 

Syntony and Spark-The Origins of Radio. 
Hugh G. J. Aitken. Wiley-Interscience, New 
York, 1976. xviii, 348 pp., illus. $15.95. Sci- 
ence, Culture, and Society. To order this 
book circle No. 522 on Readers' Service Card 

Systems Engineering Methodology for Inter- 
disciplinary Teams. A. Wayne Wymore. 
Wiley-Interscience, New York, 1976. xii, 432 
pp., illus. $27.50. To order this book circle 
No. 523 on Readers' Service Card 

A Theory of Intelligent Behavior. Dalbir 
Bindra. Wiley-Interscience, New York, 1976. 
x, 448 pp., illus. $16.95. To order this book 
circle No. 484 on Readers' Service Card 

Thiamine. Proceedings of a seminar, Mon- 
terey, Calif., Oct. 1974. Clark J. Gubler, 
Motonori Fujiwara, and Pierre M. Dreyfus, 
Eds. Wiley-Interscience, New York, 1976. 
xii, 394 pp., illus. $27. To order this book circle 
No. 524 on Readers' Service Card 

Topics in Carbon-13 NMR Spectroscopy. 
Vol. 2. George C. Levy, Ed. Wiley-Inter- 
science, New York, 1976. xiv, 486 pp., illus. 
$27.50. To order this book circle No. 525 on 
Readers' Service Card 

Treatise on Solid State Chemistry. Vol. 6A, 
Surfaces I. N. B. Hannay, Ed. Plenum, New 
York, 1976. xii, 492 pp., illus. $45. To order 
this book circle No. 485 on Readers' Service 
Card 

Treatise on Solid State Chemistry. Vol. 6B, 
Surfaces II. N. B. Hannay, Ed. Plenum, New 
York, 1976. xiv, 418 pp., illus. $45. To order 
this book circle No. 486 on Readers' Service 
Card 

Ultrasonic Biophysics. Floyd Dunn and Wil- 
liam D. O'Brien, Jr., Eds. Dowden, Hutchin- 
son and Ross, Stroudsburg, Pa., 1976 (distrib- 
utor, Halsted [Wiley], New York). xx, 412 
pp., illus. $30. Benchmark Papers in Acous- 
tics, vol. 7. To order this book circle No. 487 
on Readers' Service Card 

Underwater Medicine and Related Sciences. 
A Guide to the Literature. Vol. 2. Margaret F. 
Werts and Charles W. Shilling. IFI/Plenum, 
New York, 1976. x, 662 pp. $39.50. To order 
this book circle No. 526 on Readers' Service 
Card 

A User's Handbook of D/A and A/D Convert- 
ers. Eugene R. Hnatek. Wiley-Interscience, 
New York, 1976. xvi, 472 pp., illus. $24.95. 
To order this book circle No. 488 on Readers' 
Service Card 

Vistas in Physical Reality. Festschrift for 
Henry Margenau. Ervin Laszlo and Emily B. 
Sellon, Eds. Plenum, New York, 1976. xii, 
228 pp., illus. $30. To order this book circle No. 
527 on Readers' Service Card 

Water Deficits and Plant Growth. Vol. 4, 
Soil Water Measurement, Plant Responses, 
and Breeding for Drought Resistance. T. T. 
Kozlowski, Ed. Academic Press, New York, 
1976. xiv, 384 pp., illus. $32. To order this 

Spectroscopic Data. Vol. 2, Homonuclear 
Diatomic Molecules. S. N. Suchard and J. E. 
Melzer, Eds. IFI/Plenum, New York, 1976. 
viii, 586 pp. $57.50. To order this book circle 
No. 520 on Readers' Service Card 

Structural Studies of Macromolecules by 
Spectroscopic Methods. Papers from a meet- 
ing, Bedford, England, July 1974. K. J. Ivin, 
Ed. Wiley-Interscience, New York, 1976. xiv, 
340 pp., illus. $37. To order this book circle 
No. 521 on Readers' Service Card 

Syntony and Spark-The Origins of Radio. 
Hugh G. J. Aitken. Wiley-Interscience, New 
York, 1976. xviii, 348 pp., illus. $15.95. Sci- 
ence, Culture, and Society. To order this 
book circle No. 522 on Readers' Service Card 

Systems Engineering Methodology for Inter- 
disciplinary Teams. A. Wayne Wymore. 
Wiley-Interscience, New York, 1976. xii, 432 
pp., illus. $27.50. To order this book circle 
No. 523 on Readers' Service Card 

A Theory of Intelligent Behavior. Dalbir 
Bindra. Wiley-Interscience, New York, 1976. 
x, 448 pp., illus. $16.95. To order this book 
circle No. 484 on Readers' Service Card 

Thiamine. Proceedings of a seminar, Mon- 
terey, Calif., Oct. 1974. Clark J. Gubler, 
Motonori Fujiwara, and Pierre M. Dreyfus, 
Eds. Wiley-Interscience, New York, 1976. 
xii, 394 pp., illus. $27. To order this book circle 
No. 524 on Readers' Service Card 

Topics in Carbon-13 NMR Spectroscopy. 
Vol. 2. George C. Levy, Ed. Wiley-Inter- 
science, New York, 1976. xiv, 486 pp., illus. 
$27.50. To order this book circle No. 525 on 
Readers' Service Card 

Treatise on Solid State Chemistry. Vol. 6A, 
Surfaces I. N. B. Hannay, Ed. Plenum, New 
York, 1976. xii, 492 pp., illus. $45. To order 
this book circle No. 485 on Readers' Service 
Card 

Treatise on Solid State Chemistry. Vol. 6B, 
Surfaces II. N. B. Hannay, Ed. Plenum, New 
York, 1976. xiv, 418 pp., illus. $45. To order 
this book circle No. 486 on Readers' Service 
Card 

Ultrasonic Biophysics. Floyd Dunn and Wil- 
liam D. O'Brien, Jr., Eds. Dowden, Hutchin- 
son and Ross, Stroudsburg, Pa., 1976 (distrib- 
utor, Halsted [Wiley], New York). xx, 412 
pp., illus. $30. Benchmark Papers in Acous- 
tics, vol. 7. To order this book circle No. 487 
on Readers' Service Card 

Underwater Medicine and Related Sciences. 
A Guide to the Literature. Vol. 2. Margaret F. 
Werts and Charles W. Shilling. IFI/Plenum, 
New York, 1976. x, 662 pp. $39.50. To order 
this book circle No. 526 on Readers' Service 
Card 

A User's Handbook of D/A and A/D Convert- 
ers. Eugene R. Hnatek. Wiley-Interscience, 
New York, 1976. xvi, 472 pp., illus. $24.95. 
To order this book circle No. 488 on Readers' 
Service Card 

Vistas in Physical Reality. Festschrift for 
Henry Margenau. Ervin Laszlo and Emily B. 
Sellon, Eds. Plenum, New York, 1976. xii, 
228 pp., illus. $30. To order this book circle No. 
527 on Readers' Service Card 

Water Deficits and Plant Growth. Vol. 4, 
Soil Water Measurement, Plant Responses, 
and Breeding for Drought Resistance. T. T. 
Kozlowski, Ed. Academic Press, New York, 
1976. xiv, 384 pp., illus. $32. To order this 
book circle No. 489 on Readers' Service Card 

The Ways of Paradox and Other Essays. W. 
V. Quine. Harvard University Press, Cam- 
bridge, Mass., ed. 2, 1976. xii, 336 pp. Cloth, 
$15; paper, $5.95. To order this book circle No. 
460 on Readers' Service Card 
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The Ways of Paradox and Other Essays. W. 

V. Quine. Harvard University Press, Cam- 
bridge, Mass., ed. 2, 1976. xii, 336 pp. Cloth, 
$15; paper, $5.95. To order this book circle No. 
460 on Readers' Service Card 
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