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fMeteorology in St. Louis Tnibersitp.

HISTORICAL OUTLINE. 1860-1910.

N

HE day on which the present observatory was opened, Jan-
nary 1, 1910, was the fiftieth anniversary of the first
meteorological observatory begun at St. Louis University.
Although the pioneer work had heen interrupted long be-

fore the expiration of the half century, still it was an encouraging
reality to those who, in happier times and with brighter prospects,
fell heir to the invaluable records compiled with such serupulous
care by those early observers. Gratitude and respect for their efforts
demand that we give more than a passing reference to the work ac-
complished by our predecessors.

Fifty years ago, at the request of the U. 3. Government, meteor-
ological observations were hegun at the University. The station was
located at what was then called ‘“College Hill, a suburh of the city
in St. Louis County.” Latitude 38° 40" north, Longitude 90° 15
west. Mr. Francis H. Stuntebeck, S. J., then completing his studies
in Theology at College Hill, was placed in charge and was assisted
by Mr. John H. Luneman, S. J., of the Philosophy department. The
ability and earnestness of these two piloneer observers is attested by
the complete and careful vecords they have left us.

The first observations were taken on January 1, 1860, and econ-
sisted of readings of atmospheric pressure; maximum, minimwm and
mean temperatures; relative humidity ; vapor pressure; precipitation;
amount, kind, direction and velocity of clouds; direction and veloeity
of winds. Later, some of the instruments which had done service
at St. Joseph’s College, Bardstown, Ky., from 1857 till the closing
of that institution in 1861, were transferred to the observatory on
College Hill, St. Louis, Mo. During the year 1860 the efficiency of
the observatory was lessened to such an extent by the encroachment
of rendering -establishments with their ‘‘two and seventy stenches,
several and well-defined,”” and by foundries and rolling mills, that
its loeation had to be changed. The instruments were removed to
what was known ag the Old College Building at Ninth and Washing-
ton Avenue, and Father Peter G. Koning, 8. J., was appointed di-
rector. Father Koning determined the Latitude of the new station
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6 St. Louig UNIVERSITY

to be 88° 37" 28” north, Longitude 90° 15" west, and the height above
sea level ag 470 feet.
On May 23, 1861, Rev. Father Ignatius Panken, S, J., long and

lovingly remembered by the people of St. Lionis, succeeded to the di-
rectorship.

On September 24, 1861, Mr. Luneman, the former assistant, was

placed in charge, holding the office until July, 1864, when Father
Stuntebeck returned to the observatory. The latter was suceeeded
in January, 1869, by Mr. Aloysius Averbeck, S. J., and he in turn by
Mr. Michael Tracy, 8. J., in 1873.

It was in 1873 that the U. 8. Government opened its own station
in the eity within a few blocks of the University. The observatory
was thus relieved of its official responsibility and deprived of much of
its usefulness, and, as a result, we find no data after March 26, 1874.

For 14 years, during which this department of St. Louis Univer-
sity existed, we find besides the accurate daily tabulation of the data
enumerated above, many interesting notes among the ‘‘casual phe-
nomena.’’ Under August. 7, 1860, we read: ‘‘An earthguake at 9
hrs. 17 min. A..M. felt by persons at College Hill. Lasted about 15
sec. The number of oscillations was about 30. Direction secmed to
be from east . to west. No noise was heard. Oscillations very dis-
tinet.”’

Under July 23 is the note: ‘A brilliant meteor appeared in the
sky about south of this place. It exploded mearly over the large
building. Part of it fell on the building. Tt was seen by one of the
Brothers and by many persons that were passing by. Next morning
I went to examine the roof of the huilding (metallic), but found
nothing exeept a wet spot, which became dry during the day.”’

An interesting succession of events is thus tabulated: *‘January
1, 1864, the coldest day for at least 31 years. The Minimum Ther-
mometer of ‘Green’ fell as low as 20° Dbelow zero, F. Doctor En-
gelmann’s (Green Thermometer, too) went as low as 22° below zero
during the night.”’

January 2: “‘Mississippi frozen over. January 5, Government
wagons crossing the Misgissippi on the ice. January 27, River open
below and opposite the city; ferry boats crossed yesterday, broke the
ice. Above the city, persons are still erossing on the ice.””

Under January 15, 1865, we read: ‘‘This morning at 6 o’clock
four rings were seen arcund the moon; the nearest white, the second
blue, the third yellow, and the fourth light green. These lasted for
some 6 or 8 minutes and then gradually disappeared.”’
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On January 16, 1866: “‘The river was gorged with ice yester-
day. To-day it broke above the city. The floating ice destroyed
some seven or eight boats at the city landing.”’

These are only a few of the many interesting notes, telling of the
visits of earthquakes, storms, tornadoes, the aurora borealis, the mi-
gration of birds, etc.

THE NEW OBSERVATORY.

Some 36 years had toVBIapse before a favorable opporfunity for
re-establishing the observatory was met with. Meanwhile, the devel-
opment of the University in its various departments had kept pace
with the rapid growth of the city. The need of larger quarters and
the encroachment of the business district had determined the authori-
ties to abandon the old site at Ninth Strest and Washington Avenue
for a more switable location. The outcome was the erection of the
present group of ‘modern buildings on Grand Avenue, Lindell and
West Pine Boulevards.

That a Meteorological Observatory would he a valuable and per-
haps necessary departwent in the general expansion of the University
was readily conceded, but it was recognized likewise that, in view of
the modern requirements of meteorclogy, none but the most complete
and reliable equipment would form a usgeful investment. Tt was
further desived that, if the observatory were re-established, it should
be rather ag a research laboratory than a station for gathering the
ordinary weather data. The funds for carrying out this projeect
were provided by friends of the University towards the close of the
year 1909, A Meteorological Bureau of the first class was the estab-
lislied, and thereby long cherished hopes were realized. As soon as
the instruments could be secured, the work of installing them began
The roof of the Divinity Building, 76 feet above ground, was selected
as the most advantageons location for the thermometers, wind vane,
rain gauge, anemometer, ete. The exposure towards the residential
district of the West End is particularly favorable. The proximity of
the Administration and Arts and Science Buildings towards the east
was found to exert no disturbing influence. - The thermometer shelter
is 86 feet, and the anemometer and wind vane 96 feet above ground.
A cable carries the connections of the electrically recording instru-
ments to the office room in the Arts and Science Building.

In the desire to hegin official observations on January 1, 1910.
those in charge of the observatory had to be content with a rather
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INSTRUMENTS ON DIVINITY BUILDING.
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inconvenient location for the recording instruments. It was only in
September, 1910, that more suitable quarters were occupied, when one
of the large physical laboratory rooms became vacant and was given
over to the observatory.

Equipment.

The present equipment of the observatory consists of the follow-
ing instruments:

1.) Fortin Barometer.
2.) Barograph, Richard Bros. pattern.
3.) Thermograph, Richard Bros. pattern.
4.) Maximum and Minimum Thermometers.
5.) Whirling Psychrometer.
6.) Hygrograph.
7.) Thermograph (National Clock and Electric Mfg. Co.). .
8.) Tipping Bucket Rain Gauge.
9.) Snow Gauge.
10.) Electrical Sunshine Recorder.
11.) Jordan’s Photographic Sunshine Recorder.
12.) Wind Vane.
13.) Anemometer (Robinson).
14.) Meteorograph (Quadruple Register).
15.) Ceraunograph (Lightning Recorder).
16.) Ceraunophone.
17.) Thermostatic ard Temperature Alarm.
18.) Ground Thermometers.
19.) Several Standard Thermometers.
20.) Electrograph. .
The instruments are of standard make and of United States
‘Weather Bureau patterns.

SCOPE OF THE WORK.

{ . s i

The propriety of establishing a Meteorological Observatory as a
department of a University may not be so obvious as to require no
word of justification. As stated above, the purpose of the observa-
tory is to conduct a research station. If our universities seek to pro-
mote the material welfare of the world by subsidizing and operating
laboratories for research in agriculture, electricity, biology, medicine
and a score of other sciences, why mnot, on the same plea, assume a




10 S7. Louts UNIVERSITY

like attitude toward the study of the weather? True, other sciences
enable us to get in more direet contact with the forces of nature and
to make them the servants of our necessities and pleasures, while the
meteorologist, after all his probing into the laws governing the phe-
nomena of our atmosphere, may be able to do little more than foresee
weather conditions at a comfortable distance, without being able to
offer further protection. Thus stated, the advantages offered may
not seem worth the effort; but they assume tremendous proportions
when measured in terms of property saved, health and lives pre-
served. If such be the mnature and extent of the advantage to be
gained, there should be no hesitation in giving meteorology its proper
relation to the other sciences now fostered in our universities.

This position gains strength from the faet that meteorologists
themselves, at least in this country, look to the universities for as-
sistance in solving their larger problems. At the Peoria Convention
of Weather Bureau Officials, Professor Cleveland Abbe said: “We
have also to wish that the professors and speecial mathematical stu-
dents interested in meteorology shall have their attention directed
specifically to some of our problems; for instance, the mathematical
expressions for the action of the wind on a plane surface.

But there are stili grander problems for the mathematicians of the
universities. I refer to the meotions of the atmosphere and the at-
tendant temperature and rainfall.”’

Some experts, such as Professor Langley, have been lending their
assistance n this way. The truest response to Professor Abbe’s sug-
gestion, however, assumes the shape of liberal endowments, for the
purpose of putting the work on a safe and independent footing. A
gift of this sort has furnished this observatory with ils preliminary
equipment, and it is only with the help of similar gifts that the re-
search work, for which it was principally established, can he ear-
ried on.

In recent years the teaching of meteorology has been taken up,
in one way or another, by a very large number of High Schools, Col-
leges and TUniversities, and in some places even by the Primary
Schools. The extent to which it is -adopted and the methods em-
ployed differ so widely, however, that it may be well to state here
what attitnde St. Touis Umvc;sfny has assumed.

The proper time to introduce the youth of this country to the
elements of meteorology is evidently the High School period. In the
three High Schools of St. Touis University elementary méteorclogy
ig an elective, with Tary as a text book. In the College of Arts and
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Sciences and in the School of Philosophy and Secienece, meteorology
is taught only indirectly, the respeetive professors of the various
courses in physies being permitted to use their own judgment as fo
the extent to which the application to this science of the prineiples
of mechanies, heat, molecular physics, electricity and magnetism
should be enlarged upon. This conservative attitude is dictated
chiefly by a familiar circumstance, local as well as general. The av-
erage student interested in science is bent on investing the eapital
of his talenfs in projects that give promise of big dividends. From
this point of view, meteorclogv as a profession offers no strong temp-
tation. For the Weather Bureau service—by which alone at present,
in the absence of endowed positions at our universities, any induce-
ments are offered—admittedly does not bear comparison in point of
remuneration with other oceupations epen to the prospective engineer
or physicist.

The alternative, suggested by Professor Abbe on the ocecasion
mentioned above as a means of making the most of this very actual
eondition, viz., to induce our students to take up some special me-
teorological problems as a side issue, is put into practice at St, Louis
University in the following manner:

This observatory has a definite number of assistant positions
which are open to capable applicants. Whilst incumbents are ex-
pected to do the routine work, and to be at the general disposal of
the officials in charge, they are supplied with all books and equip-
ment neesssary to obtain a thorough knowledge of the principles of
the science, are permitted to do observational work, and are given
individual direction in their efforts. They are kept in close touch
with recent developments, especially with the research work at the
observatory. No fee is demanded. At present eleven students,
mostly interns, are availing themselves of these opportunities to a
greater or less extent. This same method is followed in the Depart-
ment of Seismology, and it may be mentioned here that the majority
of the assistants lend their help in both departments,

Whatever greater good may come of this method, this much is
assured, that a large number of capable minds will have become suf-

ficiently interested and experienced in the science to contribute, to

the extent of their opportunities, some of the ‘‘bricks and mortar’’
of which the much desired result will eventually be built up.

This observatory heartily seconds the efforts made by the U. 8.
‘Weather Bureau officials to familiarize the general public with the
main working principles of meteorology, and thereby to eradicate
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old superstitions and prejudices, and above all to hedge in the in-

fluence of illegitimate forecasters. With the exception of a daily bul-

letin issued for the perusal of intern students and members of the
faculty, the observatory issues no forecasts.

THE CERAUNQGRAPH.

While the work of the past year has, of necessity, heen chiefly
constructional, we are pleased to be able to record some results
achieved in at least one field of investigation. We have devoted con-
siderable attention to the study of thunderstorns by way of pet-
fecting the ceraunograph. The instrument is fairly well known in
meteorological circles, but some aceount of the simplified form which
we have given it may be of interest; and, as these lines are intended
likewise for the wuninitiated, we have thought it well to give a com-
plete deseription of the Instrument, as well as a brief elementary
explanation of the prineiples involved.

That a means of predicting the approach of thunderstorms, hours
in advance of their arrival, cannot fail to be of immmense utility
needs ne comment. Mveryone is aware that of the appalling loss of
life and proeperty occasioned by meteorological factors, by far the
greater part falls to the account of the thundersquall and the tornado.
These phenomena usuzally appear without muech warning, and before
we have time to seek shelfer or fo protect our goods we are overtaken
by powerful and shifting gusts of wind, vielent discharges of light-
ning, and frequently by a heavy downpour of rain and hail. If is
the being eaughi vmnawares for which we must pay so dearly. Yet,
until a very short time ago, we had no way of learning when to be on
our guard. There was no practical or expeditious method of obtain-
ing warning reports of these storms.

It wag, therefore, a thoroughly welcome advance when it was dis-
covered that thunderstorms give ample warning of their coming by
means of powerful signals sent out broadeast, and a still greater step
Torward when an instrument was devised for intercepting these sig-
nals.

In a paper communicated to the Royal Soclety in 1867, and with
greater completeness in his treatise on Electricity and Magnetism in
1873, Clerk Maxwell set forth his epoch-making theory of electro-
magnetism, suggesting therein that electro-magnetic effects travel
through space in the form of transverse waves similar to those of
light and having the same veloeity. In 1888, conclusive experimental
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proof of this theory was found by Teinrich Hertz, of the University
of Bonn, Germany, who succeeded in producing these clectro-mag-
netic waves by means of an ‘‘oscillator.”’” 'This instrument consisted
of two metallic eonductors between which an eleetrie spark was per-
mitted to pass. Hertz observed that the eurrent ‘‘oscillated” or
roeked back and forth between the conductors until equilibrium was
obtained, very much as water when suddenly poured into a U tube
will surge from ome side to the other until it comes to rest. When
the rapidity of these ‘‘oscillations’’ is made very high, some of the
energy of the discharge is cast off into gpace and travels on in the
shape of “‘electro-magnetic waves.”” A close analogy to this result-
ing action is the formation of ripples on the surface of a pond when
a stone is thrown into it, except that the ‘‘electric ripples’” spread
out in all directions. These elsctro-magnetic or Hertzian waves, as
they are now called, constitute the warning signals of the thunder-
storm.

Naturally, Heriz’s achievement attracted wide attention, and im-
mediately a number of great minds, among whom Lodge and Branly
were conspicuous, set themselves to the task of devising a practieal
means of detecting the passage of these waves. One of the products
of their investigations was the ‘“coherer.”’ Into a tube partly filled
with mietal filings two eonducting plugs are introduced and connected
with the poles of a hattery. Owing to a thin coating of dust or of
rust on their surfaces these filings ordinarily offer a very high resist-
ance to the passage of a current through them, hut when an electric
wave strikes the tube, they suddenly ‘‘cohere’” and become condue-
tive. A slight tap throws them back intoe their former state of high
resistance, thus making them ready to record the next wave.

The “‘coherer’” received its widest application in wireless teleg-
raphy. As it was found, however, that Hertzian waves are pro-
duced by thunderstormms, meteorologists recognized that the new in-
strument might prove a highly wvaluable addition fo their station
equipment. Tn 1895 Popoff, of the Russian navy, obtained a record
of a distant thunderstorm by means of a filing coherer placed in a
civeuit with a relay. With this start the development of the light-
ning recorder was taken up by Tommasina, Boggio-Lera, Liancetta,
and by Fathers P. J. Schreiber, 8. J., and J. Fényi, S. J., of the
Kaloesa Observatory. In this country the pioneer work was done
by Rev. F. L. Odenbach, S. J., Director of the Observatory at St.
Ignatius College, Cleveland, O., who likewise gave his instrument
the now accepted name ‘‘Ceraunograph.”
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The various types of ceraunograph. mow in use are much the
same in general outline; they differ, however, in the form of ‘‘co-
herer’’ employed. Father Odenbach uses a coherer of his own in-
vention. In place of the metal plugs of the filings coherer he sub-
stitutes two steel pins, placed parallel to each other and about an
inch apart, and across these pins he lays several small sticks of
graphite. The particles of graphite exhibit the same phenomena of
resistance to the electrie current and of coherence under the influcnes
of Hertzian waves as the metal {ilings in the tube coherer. The pins
are clamped to a strip of hard rubber by means of binding posts,
and this strip in turn is attached to the base of a felegraph sounder
which thus also serves as decoherer. Small paper discs are glued to
the ends of the graphite rods to separate them from cach other and
prevent their being thrown off the pins by the decoherer. In the con-
struction of the coherer, and with certain modifications in the ar-
rangement of the other parts of the Instrument, we have followed
the very successful plan elaborated by Father Odenbach.
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Our aerial consists of 900 feet of No. 10 bare copper wire
stretehed horizontally between the towers of the Divinity and Arts
and Seience Buildings and the high smokestack in the rear of the
Philosephy Building. It forms an equilateral triangle, and at a
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point about 100 feet out over the Campus, 2 single strand leads
away from the third angle to the Divinity tower. Leads are taken
fromi the end at the Divinity tower and from the angle ai the north
tower of the Arfs and Science Building. To guard against dam-
age from high discharges through the wire, such as are occasionally
caused by near-by lightning strokes, these leads are broken by a light-
ning arrester provided with a 2 or 4 ampers fuse. (Fig. 1) Beyond
the arrester the aerial connection ig introduced into the primary eir-
cuit of the instrument proper. This cireuit passes through the
graphite coherer, represented at @, and the relay I, and is operated
by a single storage cell of 60 ampere hours capacity.

Between the coherer and the relay the aerial is grounded after
passing through a fixed condenser ¢. The secondary cireuit passes
through the decoherer § and the recording magnet M, and is closed
at the relay tongue. Tt has the same source of power as the primary
eireuit. The recording apparatus I is a single magnet register made
by Friez, of Baltimore,

The successive steps in the operation of recording lightning dis-
charges are briefly these: A wave or train of waves originating in
the thunderstorm impinges on the aerial wire and descends on it into
the primary cireuit. At the coherer it finds the current ready o
flow, but held in check by the resistance of the graphite. The wave
transforms the graphite momentarily into a conduetor, the current
rushes through and operates the relay. The closing of the relay
armature puts the secondary cireult into action; the sounder clicks.
the magnet of the recorder closes and the pen makes a dash on the
paper of the revolving drum. The very next moment the instrument
is in readiness to record a second discharge, since the click of the
sounder decoheres the graphite sticks and throws them back into their
former state. The time required for the emtire operation is, of
course, only a small fraction of a second.

The above is a description of the ceraunograph in its essential
form. In practice at this observatory four relays of different re-
sistances are used, the desired one being thrown into the primary cir-
enit by means of a four-point switch. Two of these relays, one of
1000 ohms, the other of 500 ohms, were made in our laboratory; the
950-ohm and 100-ochm instruments are of the ordinary type used in
telegraphy. When the 1000-ohm rvelay is in operation we receive
records of storms at Fort Worth, Tex.; Vicksburg, Miss.; Augusta,
Ga.; Pittsburg, Pa.; Toledo, O.; Detroit, Mich., and Milwaukee, Wis.,
indicating a range of 500 miles or more. Threwing into the primary
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circuit one relay after the other and noting their relative activity en-
ables us to determine at what distance from St. Louis the storm area
is centered at any time of the day. Thus, if observations show that
the maximum activity is gradually shifting from the 1000-ohm in-
strument to those of less resistance we know that the area is moving
towards us and vice versa. )

The sensitiveness of the coherer is regulated likewise by varying
the number of sticks of graphite. Four are ordinarily used, but
when the storm is overhead, the number is reduced to two. This ease
of adjustment is one of the distinct advantages which the graphite
coherer has over other types. What recommends it most, however, is
its ready response to the decoherer.

The Branly radio-conductor, which forms the coherer of the
ceraunograph at the Observatory of the Ebro, Spain, has a strong

tendency to remain closed after a powerful discharge, resulting in

the polarization of the battery and thus putting the instrument out
of commission. The filings coherer also is inclined to become magne-
tized and must be laid aside. The graphite, on the other hand, be-
comes more effective with use. It must, however, be of a high grade.
We have found A. W. Faber’s ‘“Siberian Leads for Artists’ Pencils”’
(HHH No. 5900) highly satisfactory.

After the erection of the present aerial, in May, all of the 47
thunderstorms that passed over St. Louis up to January, 1911, were
recorded by the ceraunograph. The instrument gave warning of
their approach from 6 to 16 hours in advance. The severe storm at
7 P. M. on July 26 was picked up at the observatory 12 hours pre-
viously. Some disturbances, of course, especially heat thunder-
storms, give much briefer warnings than those accompanying a
““low,”” but the relative sensitiveness of the coherer, by betraying the
electrical condition of the atmosphere, indicates just what probability
exists for their oceurrence.

A particularly happy change has been the placing of the con-
denser in its present position, for it has eliminated almost all possi-
bility of non-decoherence, a very serious difficulty in the past. The
danger has been further removed by using the same battery to actuate
both eircuits. This arrangement is also an important step towards
the simplification of the instrument.

A cherished project, and one which promises to increase the
efficiency of the instrumient immensely, is the erection of a large um-
brella aerial in place of the present horizontal ome. By a peculiar
manipulation of its various strands, about which it is too early to say

CERAUNOGRAPH AND CERAUNOPHONE.
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anything now, we hope o be able to learn, in addition to the distanee,
the direetion of the storms from the observatory. When thigz has
been done the Iast step will have becn taken in the development of
the eceraunograph on the principle now followed. For some time we
have considered the installation of a revolving antenna such as is em-
" ployed by the Jesuit Fathers at the Observatory of the Tbro, but
have decided in favor of the umbrella aerial because of its greater
case of manipulation.

While we have no intention of using the ceraunograph in fore-
cast work, that being outside of our scope, we are very anxious to see
it reach a state of development where it can be ingtalled and wmsed
with confidence and ease by all meteorological stations in the zerviee
of the public. 'We are confident, too, that this happy cvent is much
desired by all who are aware of the destructiveness of unforeseen
thunderstorms.

THE CERAUNOPIIONE.

‘Wireless aperators are” familiar—sometimes disagreeably so—
with the influence of thunderstoring on their instruments. Lightning
discharges anywhere within range of the aerial are sure to make
themselves heard in the receivers, and, as the waves they send owt may
be of varying lemgths and are always very powerful, it is rather dif-
ficult to tune them out. But the ill wind has blown us good; for this
very inconvenience suggested that a wireless receiving outfit would
prove a splendid auxiliary to the ceraunocgraph.

In September of this year a first-class set of instruments made

by Murdock, of Chelsea, Mass., was installed. Our expectations were.

inily realized when the single low-power receiver was discarded for
a double head phone-of 4000 ohms resistance. We were then enabled
to explore the electric condition of the atmosphere far beyond the
range of the ceraunograph. The receivers, under certain conditions,
give better indications than the coherer of the intensity of a distant
disturbance. We can always be surve about the adjustment of the
ceravmophone, and thus have a reliable check on the more compli-
cated working of the eeraunograph. The ceraunophone, of course,
withont written records can hardly supersede the ceraunograph in
meteorological observations, for here the written record is essential,
both for safe comparison from hour to hour and for future reference.
As an auxiliary equipment, hewever, it possesses immense value.
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A diagram of the arrangement of the instrunment is given in
Tig. 2. The loose coupled tuner [ is in parallel with the variable con-
denser ¢, while the detector D is in series with the reccivers. After

G 2

considcrable experimentation a silicon detector of the latest type was
adopted as being most satisfactory for our purpose. The receivers
have each a resistance of 2000 ohms.

JORDAN SUNSHINE RECORDER.
O P SN

Another instrument added to the cquipment of the cbservatory
in the course of the present year is a Jordan Sunshine Recorder. A
few remarks on the theory of this instrument will not be out of place
in the present report, since the splendid treatise on the subject, pub-
lished by the well known meteorologist, Rev. Julius Fényi, S. J.,
in 1891, may not be rcadily accessible to some of our readers. How-
ever, as the Reverend Author has given us his kind permission, we
shall wake liberal use of his work in our treatment of the subject.

The instrument consists of a hollow metal cylinder of radius 8.1
cm, and length 9.1 em., so placed on an adjustable stand that its
axig is parallel to the axis of the earth, and its two holes each 60° on
either side of the meridian plane (4. e, of the plane which passes
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through the zenith, the celestial poles, the axis of the cylinder and
the axis of the earth).

We are to find a simple equation, which will permit us to de-
termine the time corresponding to a given point in the curve traced
on the sensitive filmi by the pencil of solar rays penetrating into the
eylinder through one of the holes. This we might do by determining
the locus of the recording point with respect to space co-ordinates.
Tt would evidently be an ellipse formed by the intersection of a varia-
ble plane with the cylinder. A simpler plan, however, and one equally
accurate, will be the following: Figure 4 is a copy of a record

obtained on the photographic film which is placed on' the interior
surface of the cylinder. H and H' are two holes in the film which
coincide with the two holes in the cylinder. By properly choosing
the position of plane Cartesian co-ordinates, we can obtain an equa-
tion in terms of known quantities which will satisfy the given locus
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when the record is flattened out for examination as in Fig. 4.
Through the cylinder we pass three planes, one EE" perpendicular
to the cylinder and cutting the center of the hole H; another PP’
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through the axis and the hole H ; the third MM  through the axis and
coinciding with the plane of the Jocal meridian. (See Figure 3.)

For the origin of co-ordinates we shall select the point O di-
ametrically opposite to the hole H. The line of intersection of the
plane EE" with the cylinder we shall make the axis of abscisse zz’;
and the line of intersection of the plane PP’ with the cylinder will
be the axis of ordinates yy/'. :

Now a ray of sunlight entering the eylinder at H will follow
some path HS and impinge on the film on the opposite interior sur-
face. "The projection of this path on the plane EE’ will he HT = HO
cos 0, (since HTO is a right angle, being inscribed in a semicircle)
= 2R cos 6, where B is the radius of the cylinder and 6 the angle be-
tween HO and H7'. Furthermore, the path HS makes a certain angle
¢ with its projection H7. The tangent of this angle is given by
ST/HT. Hence ST = HT tan ¢. Now ST is the ordinate of the
point S, hence we may write y = HT tan ¢ (2). But HT we have
shown to be equal to 2R cos 6 from (1), the angle ¢ is the angle of
declination, D, of the sun, since EE’ is parallel to the equatorial
plane. Substituting these values in (2), we obtain: y = 2R cos 0
tan D (3). Again, 6, being inseribed in a semicircle, is measured by
half the subtending are OT. But in radians OT = OT/R = z/R, since
we agreed to call the line of intersection of EE’ with the cylinder the
axis of abscissee. Hence angle 6 = /R + 2 = /2R, Substituting in
(3) we have our equation y = 2K cos /2R tan D (4).
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The same reasoning and the same equation will hold for the
other hole H' in the eylinder, and it remains only to find at what time
of day = = 0, or when the sun will be in the plane PP’. Since the
sun, no matter what its declination, passes over approximately equal
meridian angles or the same number of degrecs of longitude in equal
intervals of time (15° per hour), d4/d¢t = k. And since 6 is always
an ingcribed angle, it follows that dz/dét = k. Therefore, given that
the angle o between the planes PP’ and MM is 60°, 60 = 15 = 4 will
give the number of hours before or after apparent noon when the sun
will be in the plane PP and «# = 0; thatis, at 8 A. M. or 4 P. M. Tt
follows from this consideration that if we divide off the record by a
system of parallel straight lines, equally spaced, the perpendicular
distance across them will be proportional to the time and, if the space
between the lines ig so chosen as to correspond to one hour, the time of
day can be read directly from the record. The value of this hour
space may be obtained as follows from the relations shown above:
Sinee 6, = /2R, o, = 2R6..  Or, as 8, (the angle passed over by the
sun in one honr) == + 12, 2, = X + 6. Henee the beginning and the
end of the Sunshine record or the passing of a clond can be accu-
rately timed. " However, it must be noted that the actinic effect of
the sun’s rays for about one-half hour after sunrise and the same
length of time before sunset is too weak to record photographically
in this way.

GROUND TEMPERATURE.

On March I, 1910, observations of ground tfemperature at a
depth of 5 ft. below the surface were begun at this observatory.
We were led to undertale these observations by a consideration of the
mteresting and valuable results obtained through them by a number
of ohservers in various parts of the world.

The measurement of ground temperature is a very simple mat-
ter. In the small garden adjoining the Philosophy and Seience
Building two sections of 3 in. hard drainage tile were sunk into the
ground. A few inches below the surface, the upper section, which
has a movable eap, projects into a six-inch crock, the bottom of which
has been removec. This crock is provided with a eclose-fitting lid,
and is entirely covered by a small wooden tub. This triple covering
effectively protects the shaft from the disturbing influenice of solar
radiation and atmospheric temperature. thus msuring true values
Lor the temperature at the bottom of the shaft. The thermometer
is suspended from the cap of the tile by means of a chain.  The ther-
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mometer bulb was wrapped in asbestos paper to provide insulation
from the atmospheric temperature while the reading is taken. Im
practice, however, the shaft never remaing open more than about five
seconds, the time required to make a single observation.

To explain the ¢hief purpose of this branch of our work is a task
which we reserve for a future publication.

Location of Ohservatory.

Latitude: 38° 38" 177 morth.

Longitude: 90° 18" 58".5 west.

Elevation: 578 f1. above sea level.

Wind Vane: .94 ft. above gronnd.

Anemometer: 96 ft. above ground.

Top of Rain Gauge: 80 ft. ahove ground.

TFloor of Thermometer Shelter: 10 #t. above voof and 86 ft.
above ground,

Bxplanation to Meteorological Summaries.

Atmospheric Pressure in inehes redueed to mean sea level.

Mean Temperature: the mean of three daily observations.

Mean Vapor Pressure and Mean Relative Tlamidity : the mean of
the three daily readings of the various thermometers reduced aceord-
ing to the method used by the U. S: Weather Bureaun.

Signs used for DMiscellaneous Phenomena: The International
Meteorological Symbols.

The official day ends with 7:00 P. M., cxcept for wind velocity
and direction, which end at 12:00 wmidnight.

THE WEATHER OF 1910,
January, 1910.

Temperature and precipitation were alout mormal. A heavy
fall of rain and sleet on the 4th, followed by freezing temperature—
the lowest of the month—on the 5th and Gth, blocked traffie and
caused much suffering among the poor. The snowiall was light, one
inch falling on the 30th. There were no sudden or extreme changes
in temperature,

February, 1910.

The month of greatest snowfall in the history of local weather
conditions. A low pressure from the Sonthwest on the 9th brought
5 inches, the blizzard ou the 16th, 13.8 in—ithe heaviest fall in 25
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years—and smaller amounts scattered through the month, brought the
total up to 20.6 in. The mean temperature, 29°, was 5° below the
normal, Omn the 18th the lowest temperature of the year, —2°, was
recorded. In the suburbs —15° was reported.

Mareh, 1910.

The driest and warmest Mareh in 50 vears. The precipitation
amounted to only .14 in., and more than half of this fell on the 30th.
The smallest amount previous to this occurred in 1860 with .33 in—
the normal for this month being 3.3 inches. There were 22 clear
days and only 2 cloudy days, and the average daily sunshine was
86.7%, the largest percentage ever recorded here. The mean temper-
ature for the month 57°.5 was no less than 13°5 above the normal.
On seven successive days, from the 22nd to the 29th, the mercury
rose above 807, reaching 89° on the 23rd. The temperature was at
freezing point only three times, but never lower. This abnormally
warm weather was largely due fo the fact that the centers of storm
arveas during the month almost invariably passed north of the city,
most of them along the Canadian border, thus inducing prevailing
winds from the Gulf and the plains of the Sounthwest.

April, 1910.

Extreme changes in temperature and a wvery destruective frost
late in the month were the features of the weather during April.
The maximum, 91° on the 29th, was exceeded only twice before, 93°
having been recorded in 1855 and 1866. 'The period from the 23rd
to the 26th was a ruinous one for almost all vegetation in this re-
eion. A tramp ‘“‘low,”” harging over the Lake region for three full
days, brought on & killing frost on the 23rd; on the 24th the minimum
temperature of 25°, the absolute miniwmum for the 3rd deeade in
April, together with an unseasonable, heavy snowfall of 2.5 in. The
preecipitation was 1.18 in. above the normal. Measurable amounts fell
on 17 days. There were 5 thunderstormis during the month.

May, 1910.

The warm period with which April closed extended over into
May for a few days. During the rest of the month, however, the
temperature was abnormally low for the season. The mean for the
month 61°, was 5° Delow the average. The mercury reached the
80° mark only four times and on half the days of the month did not
rise above 65°. Rain occurred on 15 days, the largest number in May
fov over 20 yeavs. The total precipitation was 5.35 in., almost an
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inch above the normal amount. On the night of the 22nd to the 23rd
2.12 in, fell within 12 honrs. Seven thunderstorms passed over the
city, one of them causing considerable damage in the suburbs on the
morning of the 2nd. '

June, 1910.

The first decade of the month was decidedly cool, the mean daily
temperature being constantiy below 70°. Of the 5.20 in. of rain
which fell during the month, 3.47 in. arvived during the first period.
High temperatures prevailed during the rest of the month, however,
the mean after the 14th heing almost eonstantly above 80°. Omn nine
comsecutive days, from the 18th to the 26th, the maximum temper-
ature was at or above 90°; on the 26th it reached 93°. The fact that
on some of the days the movement of the wind was only four miles
an honr made the heat all the more noticeable. Theve were 10 thun-
derstorms during the month.

July, 1910.

An examination of the temperature records for July would make
it appear that the month was eomparatively cool—the mean heing
78°, one degree below the normal, the maxinnum 90° on only six days
—but the high relative humidity detracted much from its agreeable-
ness. The rainfall, too, was excessive, the total 6.01 in. being 2.37

-~ in. above the average. This amount was distributed over 13 days

and most of it came with thunderstorms, of whieh there were 10
during the month. At 7 P. M. on the 25th the mrost severe thunder-
squall of the year struck the eity from the Northwest, its path lying
directly over the observatory. The wind reached z maximum ve-
locity of 60 miles an hour, and 1.10 in. of rain fell within 12 hours.
The day had been very Lot, its maximum 96° being the highest re-
corded during the month. Within half an hour the temperature
dropped from 94° to 65°.

August, 1910.

The temperature exceeded 90° on only six seattered days, reach-
ing 94° on the 30th. The mean was 75°.7, whercas the normal is
78°. Appreciable amounts of rain fell on 7 days, making & total of
1.92 in.; the average quantity for Augustis 2.44. As in the preceding
month, the relative humidity was high, and fogs and heavy dew were
frequent. Five thunderstorms passed over the city and three others
ocenrred in the immediate vielmity, but none of them were violent
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On the 23rd the ground temperature reached ifs annnal maxi-
mum, 68°.

in

Septerber, 1910

With no well-defined distribution of atmospheric pressurs, heavy
showers oceurred on the 4th of the month, creating the year’s recovtd
for maximumm precipitation within 24 hours. The total for the day
was 3.64 in. In all 5.61 in. of rain fell during the month, whereas
the normal amount for September is 3 in. The mean femperature,
71°, was 1° ahove the average. Small ranges in temperature and
plenty of sunshine—63%—were responsible for the gencral agreeahbie-
ness of the month.

' October, 1910.

Twenty-three elear days, an average daily sunshine of 79%, and
a mean temperature of 2°.5 above the normal are evidenees of the
very pleasant weather which prevailed during October—St. Touis’
favorite month. The rainfall, indeed, exceeded the mormal amount
by almost an inch, but by far the greater portion fell within the brief
period from the 3rd to the 6th. On the 5th 1.80 in. fell within 24
hours. The first killing frost delayed until the 29th, although there
had been a Leavy frost a week previcus. The first snow fell on the
afternoon of the 28th, but the amount was not measurable. No
thunderstorms cecurred during the month.

November, 1910,

November was a close rival of March in the matter of clear, dry
weather. As in March, there were only three days on which appre-
ciable amounts of precipitation occurred, and the total was only .19
in., of which .16 in. fell during & thunderstorm on the 27th. With
the esception of November, 1865, when the total precipitation was
only .08 in., this is the driest November on record since 1839. Nor-
mally almost 3 in. fall during this month. There was not even a
trace of smow during the entire month. Without any decided ex-
tremes, the temperature was low; the mean, 42°.5, was 2°.5 helow the
normal, The thermometer registered higher than 60° on only 6 scat-
tered days, and failed to reach 50° on half the days of the month.

December, 1910.

Freezing weather was practically uninterrupted throughout the
month, the mean being 32°.5, about 3° below normal. The minimum
temperatures, however, were 1ot unusually low. Precipitation was
about 1 in. below the average amount. The total snowfall was
2.20 in.
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THE WEATIIER OF 1911.
January, 1911,

With the exception of a very brief period at the opening of the
month, the weather during January was mild for the season. The
mean temperature, 36°, was 4° above mormal. On 7 days the maxi-
mum was 60° or over, the highest belng 73° on the 1ith. At 8 P. M
January 1, the mercury stood at 48°, but within 12 hours fell to 4°
above zero. On the 3vd the minimum was 2° below zero, but by the
morning of the Hth a thaw had set in. The total precipitation was 1.22
in., including 0.17 in. of melted snow, whereas the normal for Janu-
ary iz 2.39 in. A very unseasonable phenomenon was the thunder-
storm accompanied by hail on the morning of the 27th. :

February, 1911.

February’s break with weather traditions was still wore radical
than that of the preceding month. The maximum temperature, 83°,
registered on the 1Ist, is the highest for Febrnary on record in St
Louis. Almost uanprecedented,. likewise, was the fall of 50° in tewr
perature within 12 hours, from 74° on the evening of the Ist to 247
on the morning of the 2nd. The normal mean temperature, 34°, was
exceeded by 5°. Precipitation was slightly ahove the average. The
snowfall, nnmelted, amounted to 17 in.

Mareh, 1911,

Heavy damage to property was caused by a violent storm on the
morning of the Tth, and by the heavy gale of the 27th. The former
was accompanied by ightning and hail. The gale, for a brief period,
attained a velocity of 60-70 miles an hour.. On March 28, the ground
temperature at a depth of 5 ft., whieh gince January 10 had remained
constant at 46°) began to rise. The month closed with a snowlall of
4 inches,

April, 1911

The total precipitation dwring April was 6.92 in., which was
double the nsnal amount for this menth. During the period of Apyil
27th-30th, 4.15 in. fell. Several very heavy downpours oceurred: 0.35
in. within 5 minutes on the 29th, and 0.65 in. within 15 minuteg on
the 30th. Af 4:.05 P. M. April 13th a very severe storm broke over
the western and northern residence sections of the city, causing dam-
age to the extent of over $1,000,000. While there was no tormadic
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formation, the wind attained high velocities and there was a very
destructive fall of hail. At the observatory, whiech was on the east-
ernt edge of the storm’s path, the anemometer registered 58 miles per
hour. Along the river fromt there was a heavy fall of rain, but ne
hail and only light winds. Within the storm area practically all
windows facing the west were shattered. Many of the hailstones
were larger than hen’s eggs, some regular in shape,. others composed
of smaller stones frozen together. Florists and gardeners suffered
heavily from the destrnetion of their greenhouses. Several storms of
similar eharacter oceurred at various places just west of the Missis-
sippi on the 12th and 13th. Temperature was about nmormal, and -~
there was no frost during this month.

May, 1911.

The total precipitation was 1.85 in. Records show that smaller
amounts fell dnring May in only two other years, 1879 and 1897.
This amount was distributed over only six days, almost half of it
falling during the violent thunderstorm on the 28th. The tempera-
ture was nnusnally high for May, especially during the latter half of
the month. A maximum of 94° was reached on the 25th, 26th, and
28th, and 93° on the 24th and 27th.

June, 1911,

The normal mean temperature, 75°, was exceeded by 6°. Oun the
9th the maxiionum reached 98°.5 and on the 10th 99°, the highest tem-
perature in St. Louis for the respective dates sinece 1836. The low
relative humidity, however, generally 50%: or. less, made the extreme
hieat somewhat bearable. There were 15 clear days and an average

- daily sunshine of 76%.

July, 1911.

During the first two weeks the weather was unusually hot, even
for July. The maximum temperature on the first § days was above
95°, and on the 3rd and 4th it reached 101°. The thermometer reg-
istered 90°, or over, on 17 days. The latter half of the month, how-
ever, was much cooler, 8 days having a mean temperature, which
was 3 to 8 degrees below the seasonal average. The mean tempera-
ture for the month wazs only 2° above the normal. With the excep-
tion of 1890, this was the driest July sinee 1839, the total precipita-
tion being only 0.74 in. Only two thunderstorms passed over the
city. Twelve deaths and numerons prostrations were caused by the
heat.
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Angust, 1911.

The departure of the mean temperature from the normal by 1°
was due to the very unseasonable cool weather which prevailed during
the last third of the month, Prier to the 19th the heat, while not
unusual, was rather oppressive, owing to the high percentage of hu-
midity. Rain fell on 10 days, the total, 4.72 in., exceeding the aver-
age by 2.28 in,

September, 1911,

A mean temperature of 75°, 5° above the normal; rainfall

amounting to 7.30 in—the mormal quantity belng 3 in.; twelve
thunderstorms, and an average relative humidity of 73%, charac-
terize weather conditions during September. On the night of Sep-
tember 4th-5th, oceurred the heaviest downpour of the year, 2.64 in.

October, 1911,

There were no striking features in weather conditions during this
month. With only four perfect days, this month hears poor compari-
son with October, 1910, which had 20.

November, 1911

The mean temperature during January, February, March, June
and September was far above the normal, but that of November was
not less than 5° below the average. Some very remarkable changes in
temperature oceurred on the night of November 11th-12th. On the
afternoon of the 11th the maximum temperature had been 77°. When
the eold wave, which had been advancing from the Northwest, reached
St. Louis at 6:04 P. M., the thermometer still registered 76°. Then
with the abrupt veering of the wind from southeast to northwest—
the velocity suffering little diminution from 30 miles per hour—the
temperature fell sharply. Within ten minuntes it fell to 54°, and hy
11 o’clock P. M. had reached 20°. The minimum recorded at 7 A. M.
of the 12th was 13°. The total range within 12 hours was 63°;
22° within the first 10 minutes, and 56° within the first 5 hours.

December, 1911.

Fog, which prevailed on 10 days, was an unpleasant feature of
the month’s weather. On the 13th the average humidity was 100%.
The mean temperature was below freezing on only four days. The
minimum, 11°, oceurred on the last day of the month, ushering in a
period of the coldest weather for years.
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