is a measure of the refractivity of
the air.

Any dielectric-constant dis-

continuity of lOxlO -6 or over can produce an " A " reflection component of
the order of the normal " B " component for our circuit.

FIGURE 4. Atmospheric Boundaries Indicated
by Free-Air Data, Compared with Boundary
Heights
Calculated
from
Frequency-Sweep
Radio Transmissions.

The meteorological data from the
airplane soundings were kindly f u r nished us by the Weather Bureau and,
from these, curves for dielectric constant of the air-versus-height were calculated. More than half of the time the
existence of discontinuities was thus
indicated. By taking the frequencysweep data for three days when the
preponderant cathode-ray tube pattern showed two components only, and
calculating the layer height for all
the good pictures, the data of Fig.
4 were obtained. The corresponding
aerological soundings are added at
the left. Both methods here agree on
the existence and location of bound-

Blue Hill Notes, No. 1
Charles F. Brooks, Director of the Blue Hill Meteorological Observatory of Harvard University

W e s t Indian Hurricanes That Blast New England

Storms of tropical crigin affect New
England every year. Three times in
five years, on an average, their centers pass over some part of New
England, usually attended by excessive rains, and often gales. Five
times in fifty years some of the most
intense of those storms, originally
West Indian hurricanes, are still
strong enough when they reach here
to cause great damage over a belt at
least 20 miles wide. Once in a century or two, a full-fledged hurricane
of considerable size dashes out of the
tropics and strikes us suddenly in full
vigor on a wide front. Its energy is
maintained by the latent heat of vaporization in the broad stream of
moist tropical that carries it, and the
whirl has not been weakened by fric-

tion over land. It batters the coast
of Long Island and New England with
fast-moving surf, high water and an
almost irresistible wind; it gouges
lanes through the rain-soaked forests
and destroys the weaker buildings and
damages the stronger in the paths of
its blasts; it puts the climax on rising
floods from tropical rains that have
preceded it. The descriptions of the
hurricanes of August 15, 1635 and of
September 23, 1815, when allowance
is made for the difference in population could be applied almost verbatim
to that of September 21, 1938. Their
antecedents and tracks differed in detail, to be sure; but they all came on
suddenly, lasted but a few hours,
raised high water along the coast,
destroyed ships and waterside struc-
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tures, damaged buildings extensively
inland, cut lanes through the forests
of southern and central New England
and produced floods in the rivers.
The cyclone of September 21, 1938
originated apparently in the hurricane
factory near Cape Verde Islands, and
after crossing the Atlantic followed a
track nearly identical with that of September 23, 1815. The rapid movement
of these hurricanes northward into
New England was associated with a
general movement of tropical air,
driven by a strong high pressure area
extending south from Newfoundland.
In the storim. of 1938 the sea water
in the area of reduced pressure and
converging wind of hurricane force
rose 10 to 15 feet above normal high
tide from Falmouth to Stonington or
Saybrook and 6 feet or more west to
Sandy Hook. Topped by hurricane
surf, the storm tide caused greater
loss of life and coastal damage than
has ever before been experienced on
the North Atlantic seaboard. The

destructive effect of the wind itself
was greatest among shade trees and
in the forests, while buildings were
extensively damaged, even as far inland as northern New Hampshire,
nearly 200 miles from the south coast.
The wind velocity reached hurricane
force, at least locally, from 120 miles
east of the path of the center to 60
miles west.
This greater eastward
than westward range of destructiveness was due to the fact that on the
east the whirling motion of the storm
was added to the velocity of the forward progress. There was a central
eye of light winds about 40 miles in
diameter, which, however, disappeared
in southern New England as friction
weakened the cyclone. The path of
the storm was a little east of north
till near Hartford, then northward,
and finally northwestward as the
then rapidly weakening storm entered
Canada. Its speed of progress averaged more than 50 mi/hr from Hatteras northward.

Aerology at Blue Hill, 1 9 3 7 - 3 8

Radio-meteorograph
soundings
of
the atmosphere constituted our chief
activity in 1937-38. A program of
daily balloon ascents with the Harvard radio-meteorograph was carried
through by the U. S. Weather Bureau
at East Boston without a break from
October 1 to June 30, although there
were several days on which no records
of value were obtained. A maximum
height of 95,000 feet was reached, an
American record for radiosondes. Dr.
K. O. Lange, C. B. Pear, Jr., and C.
Harmantas (until taken from us by
the Weather Bureau) devoted the
major portion of their time, in close
cooperation with the Weather Bureau
and the Feiber Instrument Company,
to instructing and assisting the
Weather Bureau personnel, maintaining the ground apparatus, and
improving instruments and technique

to reduce the chances of failure. The
chief problem was to keep the watch
movements running at the low temperatures experienced in the nighttime ascents of winter, and, as spring
came, to keep them free from corrosion by dew after calibration at low
temperatures.
After the conclusion
of the Weather Bureau series, a more
powerful clock was, at the request of
M. I. T., built into the radio-meteorographs they purchased for hurricane
ascents in 1938.
A calibration chamber was designed
and built with which seven radio-meteorographs could quickly be calibrated at any temperature down to
—70 °C and simultaneously at any
pressure down to virtually a vacuum.
Similarly, new humidity calibration
apparatus and a multiple recorder
were developed.
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Throughout the winter the Harvard
radio-meteorograph gave records in
all kinds of weather. In fact, in
freezing rain the formation of ice on
the balloon was recorded in a decreased
rate of ascent, from which the rate
of ice formation was computed.
A
paper on this was presented to the
Institute of the Aeronautical Sciences
by Dr. Lange, and is now in press.
Other ascents, chiefly to study convective turbulence in fair weather and in
thunderstorms, were made by Dr.
Lange at Wichita Falls, Texas and
Elmira, N. Y., in conjunction with
experiments of the Soaring Society of
America, and at East Boston and
Blue Hill.
The data revealed rapid temperature fluctuations from day to day even
at great heights. The base of the
stratosphere ranged from 6.5 to 14
km in height and from —37 to
—71 °C in temperature. Dr. Bernhard
Haurwitz spent a month here making
a detailed statistical study of the interrelations between temperatures and
pressures in the troposphere and stratosphere on the same and successive
days as shown by the Cambridge and
East Boston ascents. The new body
of data augments by 50 percent the
total of daily aerological data reaching
into the stratosphere heretofore obtained in North America.
The tests at two stations having
proved the value of the radio-meteorographs in making upper-air soundings, the Weather Bureau converted
six of its twelve airplane stations to
radio-meteorographs, and it hopes to
change over the other six next summer. Also, the Army and Navy have
converted three.
A general paper covering our experience with radio for radio-meteorographs by C. B. Pear, Jr., has been
published in the September, 1938,
Bulletin of the American
Meteorological Society.

Backed by orders now for thousands
of radio-meteorographs of various
makes, the manufacturers are engaging in further improvements in
design. Thus it seems that our aim to
find an easier, more certain and less
expensive way to sound the atmosphere has been accomplished, and
much sooner than we expected when,
in 1935, we designed and used the
first American radio-meteorograph.
Of the half-dozen makes that sprang
up in 1935 and 1936 the three or four
still in use are gradually becoming
more and more alike, as the best features of each prove their value. No
better tribute to the contribution
Harvard has made could be found,
perhaps, than Report No. 1 of the
Planning and Development Division
of the Civil Aeronautics Authority,
on "The radio-telemeter and its importance to aviators," in which Mr.
R. W. Knight describes this new development, and illustrates it solely in
terms of the Harvard radio-meteorograph.
Other phases of our aerology program in which we have made some
progress during the year, are: the
development of a small, efficient airplane meteorograph that records temperature and humidity directly against
pressure
(height), thereby saving
hours of plotting time, and of a recording heated pressure anemometer;
and observations of turbulence and
on the density and rate of rime formation on Mt. Washington, with the
cooperation of the observatory there.
Floating balloons were again released
by Dr. Lange from the summit of Mt.
Washington, in June and early October, 1938, and followed by theodolites from two stations intercommunicating by ultra-high frequency radio. We now have data from about
60 equilibrium balloons in various
wind velocities and temperature lapserates, mostly reduced by H. S. Rice,

Unauthenticated | Downloaded 01/09/23 06:20 AM UTC

from which fairly reliable conclusions
regarding the turbulence in the lee
of a mountain peak can probably be
reached. Throughout the winter, with
Blue Hill and M. I. T. directing, the
Mt. Washington Observatory collected,
measured, and weighed samples of
rime forming under different conditions of temperature, cloud density,
and droplet size. More data will be
collected the coming winter with better apparatus.
Ultra-high frequency radio transmissions chiefly between Blue Hill
and Mt. Washington since 1933 were

partly reduced by C. B. Pear, Jr. in
relation to temperature and humidity
stratification of the atmosphere. The
executors of the estate of Ross A.
Hull, who recorded at Hartford the
strength of our signals for many
months, have kindly turned ovei to
us all his record charts, data and
notes. Mr. G. W. Pickard and Mr. A.
E. Bent cooperated with Mr. H. S.
Shaw, of our Visiting Committee, in
experimental transmission of extreme
high frequencies, of 1% meter wavelength.

Other W o r k of the Observatory,

Two papers on our experiments in
precipitation measurement were prepared: the major discussion, with annotated bibliography, is the opening
paper in the transactions of the International Commission of Snow, and
the other, embracing later results,
appeared in the 1938 Transactions of
the American Geophysical Union. A
tenth design of a wind shield was
tested at Blue Hill and on Mt. Washington and has been adopted for further experiment by U. S. Soil Conservation Service.
The measurements of ultra-violet
radiation from the sun and sky continues daily, along with our other solar observations reduced principally
by Dr. H. H. Kimball. Two papers
on our ultra-violet measurements, by
R. Wexler and myself and by D. L.
Arenberg were published. The method
used in reducing our screened solar
records to determine atmospheric turbidity and preeipitable water was thoroughly checked by Edmund Schulman,
under the supervision of Dr. Kimball
and myself, with the essential cooperation of the U. S. Department of
Agriculture, the Smithsonian Institution, and the National Bureau of
Standards. A perplexing source of

1937-38

trouble for several years, namely a
progressive microscopic crystallization of the surface of the Schott filters has been discovered and appropriate allowance for it is now being
made. This much needed study was
made under a grant from gifts of the
Harvard Associates in the Physical
Sciences.
Other grants from the same source
made possible : (1) the completion by
Mr. S. P. Fergusson of his 40-year
study of anemometry and the addition of a comprehensive bibliography;
(2) the collation by E. Schulman, R.
G. Stone and myself of American
work on climatic variations for the
International Commission of Climatic
Variations, published as the May
Bulletin of the American
Meteorological Society, 64 pp.; (3) the bringing
to Cambridge of the original Douglass
cycloscope and the beginning of a survey of long American weather records
for their cyclical components by
Edmund Schulman, and (4) cooperation with the National Parks Service
in a study of snow on the ground in
New York and New England by R.
G. Stone and J. H. Conover, on which
a preliminary paper has been published in the 1938 Transactions of the
Am. Geophys. Union.
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A study of the surface weather
map and aerological preliminaries of
Boston's heaviest snowstorms of the
past 5 winters by H. G. Dorsey, Jr.,
was published in the September, 1938,
Bull. Am. Met'l. Soc. Mt. Washington reports were found particularly
valuable for predicting snow here.
The usual continuous record of the
weather was maintained at several
stations, as before. The library was

considerably improved, by the receipt
from the W P A of one of the ten
copies of an 80,000 card bibliography
compiled under the direction of the
Weather Bureau, by the recataloguing
of most of our books according to the
classification recently adopted by the
International Meteorological Organization, and by the binding of several
foreign monograph series.

Blue Hill Meteorological Observatory from the southwest, in April, 1938
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