news and nntes
NHRE summer plans
T h e National Hail Research Experiment (NHRE) staff,
based at the National Center for Atmospheric Research in
Boulder, Colo., has spent the winter months conducting an
intensive study of d a t a from past hail seasons in the N H R E
experimental area in northeastern Colorado. N H R E director
David Atlas (President of the AMS) reports that a field program from 7 July to 1 August 1975 will focus on testing
specific scientific concepts and operational systems, and
that preparations are underway to resume the statistical
seeding experiment in the summer of 1976—an experiment
that uses cloud seeding on randomly chosen days in an
a t t e m p t to determine—over a n u m b e r of years—whether
seeding is a feasible means of reducing hailfall.
T h e new summer program incorporates higher appropriations for university participants in the field work. Accordingly, the objectives for this summer's experiment are to examine the mechanisms of n a t u r a l and artificially modified
hailstorms, to tighten concepts of suppression, to improve
seeding techniques, a n d to develop more sensitive means of
evaluating the effects of seeding through either statistical or
physical analysis.
Endorsement of the revised N H R E plan for the upcoming
s u m m e r of scientific study and the resumption of the statistical seeding experiment in 1976 was received from the Research Applications Directorate of the National Science
Foundation.
Commitments at present indicate that investigators from
seven universities a n d the National Oceanic and Atmospheric Administration (NOAA) will contribute to the summer's program as follows: 1) Arnett Dennis (South Dakota
School of Mines a n d Technology)—Testing of the T-28
armored aircraft a n d its instruments system in preparation
for the 1976 research season; 2) Robert Kropfli (Wave Propagation Laboratory, NOAA)—Analysis of
dual-Doppler
radar data to determine the three-dimensional airflow
within severe convective storms, in conjunction with N H R E
personnel who will concentrate on microphysics, cloud modeling, and analysis of precipitation trajectories within the
airflow patterns; 3) J o h n Marwitz (University of Wyoming)
—Case study analysis of several seeded storms in an attempt
to classify the storms according to their physical characteristics, to assess which storm cells were probably affected
by seeding, and to obtain semiobjective, qualitative estimates of the effective seeding rate for each cell; 4) Paul
Mielke (Colorado State University)—Statistical analysis of the
N H R E precipitation data; 5) Harold Orville (South Dakota
School of Mines and Technology)—Development and use of
cloud models sufficiently comprehensive to test the competing-embryo concept of hail suppression, including side effects of seeding that could affect the subsequent history of
the cloud and the total production of both rain and hail;
6) Ramesh Srivastava (University of Chicago)—Analysis
of dual-wavelength r a d a r data a n d evaluation of the C H I L L
radar as a means of detecting hail and estimating liquid
water content, and development, in conjunction with N H R E
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personnel, of more realistic models of severe convective
storms and the process of hail growth; 7) Carlton Ulbrich
(Clemson University)—Search for physical differences between seeded and unseeded storms using N H R E ' s surface
network and radar data; 8) Gabor Vali (University of Wyoming)—Analysis of disdrometer data for use in calibration
of the NCAR dual wavelength radar, and comprehensive
case studies focused on the spatial distribution of freezing
nuclei with respect to storm features as evidenced by radar
and precipitation network data; 9) Joseph W a r b u r t o n (University of Nevada)—Correlation of observations of silver concentrations in precipitation with seeding events and the
existing wind field; and 10) Kenneth Young (University of
Arizona)—Development and use of a variety of numerical
models to describe the formation and growth of hail under
n a t u r a l conditions, to evaluate the facility of various hail
suppression techniques, and to suggest optimal seeding methods for suppressing hail under a variety of environmental
conditions.
Eugene Haas and Sigmund Krane ( H u m a n Ecology Services, Boulder, Colo.), subcontractors to NCAR's Environmental and Societal Impacts Group, will participate in the
N H R E through an intensive case study and modeling of the
social impact of N H R E on the population residing in and
near the designated "protected" area. Other subcontractors
will study the effects of the accumulation of silver on soil,
vegetation, and animals.

Pioneer 11 observations of Jupiter
T h e flight of Pioneer 11 past J u p i t e r last December has
yielded a n u m b e r of new details about the planet. In making
the first observations of Jupiter's immense polar regions, the
spacecraft found that the planet's cloud tops are substantially
lower at the poles than at the equator, and are covered by a
thicker transparent atmosphere. T h e cloud tops at the South
Pole are lower than those in the north polar regions.
T h o u g h there is much less evidence of rapid atmospheric
circulation at the poles than at the equator, the polar areas
unexpectedly showed many convective cells (see cover photo),
dwarfing similar Earth thunderstorms. "Blue sky" was also
visible at the poles and is attributed to multiple moleculescattering of light by gases of the transparent atmosphere at
Jupiter's poles.
Pioneer 11 infrared measurements show that the polar
regions are about 3°C cooler than the equatorial regions, and
•become steadily cooler with proximity to the poles themselves. On the other hand, the temperature difference between the equator and polar regions on J u p i t e r is not
as large as on Earth, because two-thirds of Jupiter's heat is
radiated from the planet's high-temperature interior and is
radiated uniformly over the planet.
T h e biggest obstacle to life on J u p i t e r had been thought
to be the rapid vertical circulation in its atmosphere, b u t
evidence of slower circulation at the poles suggests that the
polar regions could conceivably support living organisms.
Another feature observed by Pioneer 11 for the first time
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was an oval cell of downward-moving atmosphere, surrounded by a bright ring of upwelling clouds.
Many more flow features were seen in the clouds around
the Great Red Spot than were seen a year ago by Pioneer
10. T h e Great Spot is believed to be a 32 000 km "permanent
hurricane." Within the Spot, a number of details were seen
for the first time which suggest convection and circulation.
T h e center of the Spot is clearly brighter than the edges,
which form a broad, darker border. Enhanced versions of
the new close-up pictures of the Great Red Spot should provide f u r t h e r explanation.
Pioneer 11 also observed for the first time an extensive
white south-polar cap on the Jovian moon Callisto.

Sea Satellite to monitor oceans
Sea Satellite (SEASAT), a new program for monitoring of
the oceans to provide continuously updated reports on weather and sea conditions, has been announced by the National Aeronautics and Space Administration.
Responsibility for managing the 954 kg spacecraft which
will circle Earth 14 times a day in a north-south, 800 km
orbit, has been assigned to the Jet Propulsion Laboratory
QPL) in Pasadena, Calif. T h e launch in 1978 of SEASAT-A
will be a proof-of-concept mission, which could lead to
operational missions in later years.
Instrumentation in the satellite's sensor module will
provide data from which wave heights, current directions,
surface wind direction, and surface temperatures can be determined. These data will allow for the recognition of
storm, sea state, currents, ice fields, and specific weather conditions. T h e sensor module is the responsibility of Wallops

Flight Center, Wallops Island, Va., with support by the
Applied Physics Laboratory of Johns Hopkins University,
Silver Spring, Md.
T h e objective of the initial mission will be to demonstrate
the capability of continuously acquiring a wide variety of
accurate oceanic data and rapidly disseminating the information to users concerned about weather prediction, routing of shipping to avoid storms, adverse currents and ice
fields, and coastal disaster warnings.
An operational network of satellites could provide individual ships at sea with twice-daily detailed maps of
their specific route, noting weather conditions, sea state and
hazards. Long-range use of satellite data could influence ship
design, port development, and selection of sites for such
offshore facilities as power plants.
In addition to immediate applications of satellite data
to such uses as hazard and storm warnings, SEASAT will
also accumulate scientific data on the curvature of the oceans;
ocean circulation; transport of mass, heat, and nutrients
by surface currents; and air-sea interaction.
In establishing the requirements of the satellite system
and to carefully define the types of information that would
be of practical use, NASA was supported by a SEASAT User
Working G r o u p composed of representatives from the Departments of Commerce, Defense, and Transportation; the
National Academy of Sciences; the National Science Foundation; T h e Smithsonian Institution's Astrophysical Observatory; the Woods Hole Oceanographic Institution; Scripps
Institution of Oceanography; City University of New York;
and several commercial users.
S. W. McCandless, Jr., is the program manager for NASA.
W. E. Giberson is project manager for J P L .

NASA resumes air turbulence studies
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T h e National Aeronautics and Space Administration's Flight
Research Center in Edwards, Calif., is flying a specially instrumented B-57 aircraft to gather detailed air turbulence
measurements in conditions such as jetstreams, thermal
turbulence, and mountain waves. Devices on board the aircraft will measure the amount of energy in the various
turbulence samples.
Data from the flights will be analyzed by NASA's Langley
Research Center, Hampton, Va., for use in designing aircraft
to ensure safe flight in turbulent air.
T h e Federal Aviation Administration and the National
Oceanic and Atmospheric Administration will report the
locations of clear air turbulence. NASA will fly the B-57
through the turbulence on a straight line course for at least
10 min at altitudes ranging u p to 15 000 m.
A meteorologist in the rear of the two-seat aircraft will
record the velocity and acceleration of the turbulence, using
inertial navigation equipment.
T h e program, called M A T for Measurement of Atmospheric Turbulence, includes approximately 40 flights over
the western portion of the U.S. during the winter and spring
months. T h e project is a continuation of a similar program
flown in 1972, b u t will use an improved instrumentation
system for greater accuracy.

ERL investigates "supernova" storms
Nocturnal storms that grow so explosively that they have
been called "supernovas" (after the bright, giant stage of
a collapsing star) were observed during the Global Atmospheric Research Program Atlantic Tropical Experiment
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T h i s series of i n f r a r e d images from NASA's SMS-1 shows
the supernova storm developing through the early hours of
the m o r n i n g of 10 August 1974. T h e storm system appears
as a series of white dots, which become the high, anvil tops
of m a t u r e thunderstorms by 5 a.m.; by noon the storms show
considerable expansion as high-level winds spread their
cirrus anvils. (Photos courtesy of
NOAA).
(GATE), which investigated the ocean and atmosphere west
of Dakar, Senegal, last summer.
T h e night rain m a x i m u m of the tropics, generally held to
be caused by a reversal of the sea breeze, is probably related to supernova thunderstorms. In addition, the disturbances may provide a link between alternating waves of
high and low pressure in the tropical belt of prevailing
easterly winds and the development of some waves into
hurricanes.
Until G A T E , scientists had considered convection associated with the Intertropical Convergence Zone to be m u c h
stronger than it now appears to be. While studying hourly
infrared images of this area from the SMS-1 satellite, Dr.
H e l m u t K. Weickmann, Director of the Environmental Research Laboratories' Atmospheric Physics and Chemistry Laboratory (NOAA) in Boulder, Colo., observed small brightwhite dots of developing thunderstorm anvils which formed
d u r i n g the night (see photo). These systems grew rapidly,
expanding f r o m areas of h u n d r e d s of square kilometers to
areas of thousands of square kilometers in an h o u r or two;
b u t by each day's forenoon, the violent storms h a d already
begun to decay into actionless, layered cloud systems.

Cloud physics measurements taken by Dr. Weickmann and
his colleagues aboard several aircraft in the G A T E squadron
indicated that the large storms are linked to peculiarities in
the tropical Atlantic's hydrologic cycle.
" W e f o u n d / ' Dr. Weickmann says, "very large counts of
ice nuclei . . . b u t very low counts of cloud condensation
nuclei. . . . T h i s suggests that the clouds become rained
out before the water even reaches the atmosphere's freezing
level. W h a t little water content is lifted beyond this level is
effectively seeded or even overseeded to produce large cirrus
anvils."
Weickmann added that, " T h e high ice-nuclei counts off
Africa also suggest that deliberate attempts to improve
rainfall with cloud-seeding techniques, which add artificial
ice nuclei to the n a t u r a l ' p o p u l a t i o n / would not be successful."
T h e large ice-crystal cirrus cloud caps blown off the anvil
tops of the supernovas h a d no haloes, indicating that they
were formed when droplets froze b u t retained their spherical
shape, possibly creating droxtals. On the other h a n d , cirrus
cloud layers above the anvils did show haloes, indicating
well-formed ice crystals at that level. T h i s could mean that
the storms are sometimes linked, possibly by an upper-level
u p d r a f t , to high-altitude waves in the easterly winds. Such
a connection, Weickmann reports, could explain w h a t sustained the supernovas observed in August that finally developed into a tropical storm.

SKYWARN '75
T h e National Weather Service launched their a n n u a l SKYW A R N campaign on 25 February before the peak of the
tornado season in order to encourage community leaders
to make their public preparedness programs as effective as
possible. SKYWARN '75 recommendations included the filling out of ranks of volunteer storm spotters, improvement of
communication systems, and reminders to citizens on ways to
protect themselves from the violent effects of tornadoes.
Weather Service Director George P. Cressman said that
the year 1974 underscored the necessity for advance preparedness against tornadoes. T h e figures for 1974 were still
coming in, b u t preliminary reports indicated a total of 944
tornadoes (the second highest on record) and 361 deaths.
Most of these deaths occurred d u r i n g the outbreak of tornadoes on 3 and 4 April.
In a year-end review Allen Pearson, Director of the National Severe Storms Forecast Center, and his Deputy Director, Fred Ostby, commented that the year 1974 was not
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at all unusual except for the 3-4 April outbreak, when
d u r i n g an 18 h period, 148 tornadoes in 13 states killed
307 Americans and eight Canadians, i n j u r e d an additional
5500 people and caused property damage of more than half
a billion dollars.
Other statistics showing the m a g n i t u d e of this disaster
have been supplied by Dr. T h e o d o r e F u j i t a of the University of Chicago, who said that the combined path length
of the 148 tornadoes was 4200 km compared to the annual
average of 6400 km. Fujita called the tornadoes "unusually
intense, long and wide," a n d noted that the outbreak was
even more extensive than the Palm Sunday outbreak of 1965
which killed more than 250 Midwesterners. O n Fujita's tornado-intensity scale, five of the 3-4 April tornadoes rated 5
(extremely powerful) and 25 rated a 4.
Pearson said that this type of outbreak is the one which
forecasters fear most—when many tornadoes strike simultaneously or in rapid succession—taxing the skill of radar
observers, forecasters, and communicators to the utmost
with an enourmous variety and volume of information.
H e pointed out that 148 or one sixth of the total of 944
tornadoes d u r i n g 1974 occurred on 3-4 April, causing 307
or 85% of the total of 361 deaths. Pearson believes that, over
the long run, only two percent of all tornadoes cause 95%
of the fatalities. "Somehow we have to learn to focus on
these killers. T h a t ' s where the payoff lies in savings of
lives, because the big tornadoes tend to stay on the ground
longer, giving the warning system a chance to work, if
people will listen and take action."

"What on earth?" TV series reviewed by A M S chapter
T h e Central N o r t h Carolina Chapter of the AMS was recently asked by the N o r t h Carolina Department of Public
Instruction to give formal approval to the sections of the
8th Grade television series " W h a t on Earth?" which concern meteorology. D u r i n g the development of the series,
AMS Member R u e E. Rush, then Meteorologist in Charge
at the Raleigh-Durham National Weather Service Office,
acted as meteorological consultant. T h e r e a f t e r , proofs of
most of the films were shown at a Chapter meeting, several
suggestions generated there were subsequently incorporated,
and, finally, the Chapter's Education Committee reviewed
the finished product and reported their very favorable impression.
" W h a t on Earth?" is a series of 36 color programs dealing
with astronomy, meteorology, oceanography, and geology.
N i n e of t h e . programs are entirely devoted to atmospheric
science: 1) O u r Ocean of Air; 2) Heat and Circulation; 3)
Winds, Weather, and Air Masses; 4) Clouds and Precipitation; 5) Cyclonic Storms; 6) T h e N a t u r e of Violent Storms;
7) Forecasting Tomorrow's Weather; 8) Climate and O u r
Livng World; and 9) T h e Atmosphere Yesterday and Today.
T h e programs, which are complemented by a source book
and teacher's guide, are designed to provide a sequential
course of study in the classroom, to stimulate individual
a n d class inquiry and investigation, to arouse students' interest in the world about them, and to provide experiences
not available in the classroom. T h e Central N o r t h Carolina
Chapter is to be commended for its encouragement of this
type of educational activity. For f u r t h e r information contact: Mr. Fred L. Beyer, Jr., Division of Educational Media,
N o r t h Carolina State D e p a r t m e n t of Public Instruction,
Raleigh, N.C. 27611.

Prototype buoy deployed in Gulf of Alaska
Five years of work in the development of deep ocean moored
buoys t h a t automatically supply environmental data for
improved weather forecasting will culminate in mid-1975
with the deployment of a prototype operational environmental buoy in the Gulf of Alaska.
T h e 54 Mg, 10 m discus prototype buoy, which is being
built by General Dynamics, will be delivered to the National
Oceanic and Atmospheric Administration's Data Buoy Office. It will become the f o r e r u n n e r of a series of operational
buoys that will be deployed off the coasts of the United
States to furnish environmental data f r o m storm-spawning
ocean areas to the meteorological community.
James W. Winchester, Director of NOAA's Data Buoy
Office in Bay St. Louis, Miss., said that the prototype operational buoy is the culmination of a systematic approach to
develop a data acquisition system capable of surviving severe
weather in deep ocean areas and providing real time information to aid weather forecasting a n d storm warning
activities. T h e r e are plans to purchase five more of the
buoys for deployment in 1976 off the West Coast and the
Gulf of Alaska.
T h e prototype buoy will consist of the discus hull with
meteorological sensors m o u n t e d at the 10 m elevation, a
nylon mooring line, a three-year supply of air depolarized
batteries, and a low-powered, modularized electronics payload. T h e payload will include meteorological sensor assemblies to measure wind speed and direction, barometric pressure, air temperature, and thermistors to measure water temp e r a t u r e at seven levels. High frequency radio communications will be maintained with Coast G u a r d shore communications stations in San Francisco and Miami for transmission
to Weather Service facilities. T h e buoy is designed to withstand 77 m / s winds, 18 m waves a n d 3 m / s surface currents,
and to operate for a year without maintenance.
Leading to the development of the prototype buoy has
been the testing at sea of six large experimental buoys in the
Gulf of Mexico, the North Atlantic, the northeast Pacific,
and the Gulf of Alaska. Smaller buoys, b o t h stationary a n d
drifting, have also been tested off U.S. shores, including the
Arctic, and have supplied some of the technology incorporated into the prototype design.

Decrease in sunshine noted
Meteorologists Dr. James K. Angell and J u l i u s Korshover of
the National Oceanic and Atmospheric Administration's
Environmental Research Laboratories r e p o r t that between
1950 and 1972, there has been an eight percent decrease in
percentage of possible sunshine received a t the earth's surface d u r i n g a u t u m n , and a three percent increase d u r i n g
spring in the contiguous 48 states.
" T h e pronounced long-term downward trend in percentage of possible sunshine d u r i n g a u t u m n , with its implication of an u p w a r d trend in the reflected solar energy, represents an interesting climatological p h e n o m e n o n with
impact on a local and perhaps hemispheric scale," says
Angell, of NOAA's Air Resources Laboratories in Silver
Spring, Md.
Between 1952 and 1964 there was no significant variation
in the yearly average value of percentage of possible sunshine, b u t between 1964 and 1970 there was a 1.3 percent
decrease in sunshine, corresponding to a decrease in daily
sunshine duration of about 10 m i n in all regions of the
contiguous United States.
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Angell and Korshover say there are at least three reasonable explanations for such a decrease in sunshine after 1964:
1) an overall increase in cloudiness within the United States
associated with long-term climatic trends; 2) enhancement
of natural cirrus clouds from contrails formed by high-flying
aircraft (for which there is some evidence), and a consequent increase in fairly thick cirrus cloudiness; and 3) an
increase in pollution within the United States to delay the
turning on of the sunshine detector instrument when the
sun is near the horizon, and to advance its turning off in
the evening " T h e relatively large decrease in percentage of
possible sunshine in the industrialized northeast supports the
third hypothesis," Angell said.
Angell also noted that " T h e trend over a full year is
so small that it would have little influence on relations between climate and such periodic biological phenomena as
bird migrations and plant flowerings. But we do observe
such a trend in autumn. And, because of the coincidence
with the growing season, the implied decrease in cloudiness during spring could be of some importance from an
agricultural point of view."
T h e NOAA scientists based their 23-year study on raw
data collected from 103 sunshine-recorder stations maintained by the National Weather Service. T h e stations are
usually located at airports near city outskirts. T h e raw data
consist of mean-monthly values of percentage of possible sunshine at individual stations as determined from the number
of hours of sunshine in comparison with the number of
hours of possible sunshine for each day during the month.
T h e modern sunshine-duration recorder, commonly known
as a sunshine switch, consists of two photoelectric cells, one
of which is shaded from the direct rays of the sun and the
other is not. When the sun's rays strike the unshielded
photocell, a difference of electrical potential is created, which
activates an on-off switch when the difference exceeds a
critical threshold value. In effect, the switch is turned on
when there is just enough sunshine to produce a visible
shadow, and will remain on under conditions of thin cirrus
but will turn off if the cirrus clouds are thick.
Korshover remarked that the percentage of possible sunshine should be most sensitive to variation in cloud amount,
or perhaps cloud thickness, but that fog during the day
could also have some effect. "Dust, smoke, and other visible
pollutants would usually influence the percentage of possible

sunshine only when the sun is near the horizon. Even so, a
long-term increase in dry aerosol pollutants could have a
subtle influence on sunshine-duration statistics.
T h e scientists suggested that it would be of interest for
other nations to examine their records of sunshine duration and note the extent to which these trends are representative of hemisphere- or world-wide conditions.

(Continued from a n n o u n c e m e n t s , page 542)

plishment in this period was an intensive study of a complete frontal system as it moved over the Cascade Mountains.
In view of the large quantity of data on this one storm
and the significance of the results, they are described in detail
in a separate Research Report (Hobbs et al., 1975).

A consumers' guide to instructional scientific equipment
(E
75-43, National Science Foundation, 1975, 71 pp., $1.50 paperbound, from GPO, above, as stock number 3800-00199) contains an alphabetical list of 2000 items of equipment currently in use at 120 undergraduate colleges and universities,
and the name, address, and telephone number of at least one
science faculty member familiar with the use of each item.
Contributions
from the cloud physics group, University of
Washington: Research report VIII (Peter V. Hobbs, Principal Investigator, December 1974, 181 pp., n.p., paperbound,
from the Department of Atmospheric Sciences, University
of Washington, Seattle, Wash. 98195) is the final volume in a
series of six research reports on the Cascade Project, which
has studied the structure of clouds and precipitation over
the Cascade Mountains and their modification by artificial
seeding. This report describes the field results obtained during the winter of 1972-73. A particularly important accom-

Ecology action notes
A two-volume bibliography containing more than 2100
abstracts on the subject of solar energy has been published
by the Energy Information Center of the University of New
Mexico, Albuquerque. Prepared under NASA auspices, the
work covers solar energy literature published worldwide between 1957 and 1973. Volume I contains sections on technical and scientific developments, solar radiation, material
properties, components, solar heating and cooling, and
process heat applications. Volume II contains a section on
power generation and four indexes. Quarterly supplements
will be published to keep the reference work up-to-date. Entitled Solar Thermal Energy Utilization, the bibliography
may be ordered from the Energy Information Center, Technology Application Center, T h e University of New Mexico,
Albuquerque, N.M. 87131. T h e two volumes sell for $37.50.
T h e quarterly up-date service may be obtained for $50 extra.
#
#
#
T h e Earth Resources Observations System (EROS) Program
is currently operating a facility at the NASA National Space
Technology Laboratories in Bay St. Louis, Miss., which
offers a wide variety of natural resources and environmental
information to the public, much of it based on observations
by satellites and high flying aircraft. T h e Mississippi center
is an annex of the EROS Data Center in Sioux Falls, S.D.,
managed by the U.S. Geological Survey.
A customer at the Mississippi facility may describe his area
of interest, preferred geographical or seasonal data, etc. to a
computer operator who will contact the EROS Data Center
at Sioux Falls and obtain a list of all the available imagery
from satellites and aircraft. In addition to imagery from foreign and domestic satellites, aircraft photographs, atlases,
maps, and other aids are available to provide maximum
coverage of an area to viewers. Many thousands of pictures—
in black and white, color, or infrared—are also available to
users at a minimal cost directly from the Sioux Falls Center.

Descriptive physical oceanography, 2nd edition (G. L. Pickard, 1975, 220 pp., $9.00 or £3.75 hardbound, $6.25 or £2.65
paperbound, from Pergamon Press, Fairview Park, Elmsford,
N.Y. 10523 or Headington Hill Hall, OX3 OBW, England) is
an undergraduate text that describes the distribution of temperature, salinity, and dissolved oxygen in ocean water, as
well as the character of the circulations in various regions
and the relations between distributions and circulation. In
this edition the material on instruments has been brought
u p to date as has that on the North Atlantic Deep Sea formation, Labrador Sea, Hudson Bay, and Atlantic and Pacific
Equatorial regions.
(More a n n o u n c e m e n t s on page 561)
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