work for the Union of South Africa;
while Prof. Emmons had several years
of graduate work and teaching experience in meteorology and climatology at both Harvard and M. I. T.
and then served the U. S. Weather
Bureau, as associate meteorologist in
synoptic meteorology and in charge of
research in the Marine Division at
Washington.
Harvard University, after a lapse
of seven years since the death of Prof.
R. DeC. Ward, will resume formal
instruction in meteorology and climatology next September, thanks to
modest gifts received for the purpose
and the generous cooperation of the
instructors. Prof. H. C. Willett, of
M. I. T., will be the instructor in the
first semester course in elementary
meteorology, and Dr. E. A. Ackerman,
in the second semester course in regional climatology. Advanced work of
a tutorial type will be offered upperclassmen, as heretofore to graduate
students, by Prof. C. F. Brooks, who
will also, in 1940-41, offer a formal

course on the climatology of North
America, in alternation with the regional climatology course. A series
of lectures in climatology will be
given at Harvard, under the Robert
DeCourcy Ward Lectureship in Climatology, by Prof. Victor Conrad,
late of the University of Vienna, who
will also lecture at New York University and State College, Pennsylvania,
where he has been appointed Associate Professor for a year.
The University of Chicago, which
has been without a course in meteorology or climatology since Professor
Griffith Taylor went from there to the
University of Toronto, is offering a
course in climatology for graduate
students in geography by C. F.
Brooks, Visiting Professor, during the
first half of the summer quarter. Also
the Chicago Seminar of the Am. Meteorological Soc. will devote three successive weekly meetings June 29, July
6 and 13 to instruction in cloud observing, identification and interpretation by Prof. Brooks.

The Influence of Altitude on the Yearly Course of Air Pressure
By V. CONRAD
State College, Pennsylvania
B = a0 + di sin (x + A i )
H E ATTENTION of the meteorologists has always concentrated
-f a2 sin (2 x + A2) + . . .
upon the important problem of
The coefficients eta and the phase anthe daily oscillation of pressure. The gles Ai for different altitudes are to
yearly course of it has been rather ne- be seen in table 1.
glected in spite of the fact that this
T A B L E 1.
A2
a1
aQ
A1
h
fluctuation also offers several inter- (hm)
mmHg
mmHg
esting features. The examination of
142.9°
(84.0°)
0.55
0.28
0.45
159.5
82.3
0.88
1.08
2.71
the yearly course of sunshine duration
193.0
76.9
1.04
0.97
4.65
77.4
206.9
1.24
0.85
led me to inquire into the above prob6.07
214.2
77.5
0.98
1.38
7.80
1
lem.
(75.4)
0.92
227.0
1.72
9.03
70.9
243.3
0.90
3.04
16.41
1) The yearly course of pressure 23.40
73.8
246.8
0.98
4.26
77.5
249.1
0.90
5.34
of 31 places in the Alps and the plains 30.51
81.9
253.1
7.50
(1.9)
43.08
north of the Alps has been examined
level
are
sea
h
above
heights
(The
by means of harmonic analysis.
given
in
hectometers.
In
the
last
line
Fourier's series was used in the folof the table the reader will find the
lowing form:
data for Pikes Peak.—See the text.)
XA detailed paper on this theme appears in
The convergence of the Fourier's
Met. Zeits., Dec. 1938, vol. 55, pp. 429-435.

T
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series is so bad that at least the third
term is to be taken into consideration
in a future study. The present paper
deals with the first two terms of the
series.
THE ANNUAL

COURSE

2) The amplitude ai is directly proportional to the height and is represented in good approximation by the
equation
On = 0.36 + 0.16 h
This equation resulted from the
pressure data of the East Alps between sea level and 3106 m (Sonnblick). By chance I found in the
Manual of Meteorology by Sir Napier
Shaw (Vol. II, second ed. p. 240)
the data for Pikes Peak (38.8°N.,
105.0°W., 4308 m.) It must be emphasized that the equation gives for
this summit oh = 7.50, whereas after
observation ai = 7.24. That is a remarkably good agreement for a pure
extrapolation.
3) An examination of the phase
angle At yields the following equation:
AI =

hi

(0.00674 +

0.00377

h)

This equation gives a good approximation to observation except for the
lowest 200 m.
The observed value of 253.1° for
Pikes Peak shows also the best agreement with the calculated value, i.e.
Ai = 255.1°.
THE SEMI-ANNUAL

WAVE

4) The amplitude a2 is invariant
with altitude. The average value calculated for 31 stations amounts to
a* — 0.91 ± 0.064 mm Hg.
(standard deviation)
The places were arranged according
to their height above sea level. The
deviations from the above mean were
examined to see whether there was a
systematic influence of altitude or
not. Two criteria of the theory of
probability (Helmert, Abbe) gave the
result that there is no reason at all to
assume any influence of height. In
contrast with the behavior of an the

fact of invariance is only proved for
the Alps, i.e. for the layer between
0.7 and 30 hm. On Pikes Peak the
observation gives a2 = 1.9 mm Hg,
about double the value in the Alps.
5) The variation of the phase angle
Ao with altitude may be represented
by the equation,
A2 = 86.5 —1.82 h + 0.0518 h\
It would be beside the point to give
here a detailed picture of the relation
between A2 and the altitude. It may
be sufficient to say that, while the
influence of the height on ai, Ai, a2
seems to be well defined, the behavior
of Ao is not quite clear. Probably
there is a disturbed layer near the
surface with A2 diminishing with
height. Above this layer A2 may be
constant. The pressure on Pikes Peak
speaks in favor of this idea.
T H E NATURE OF T H E TWO W A V E S

6) I had at hand the pressure and
temperature means over long periods
for Vienna (200 m) and for the
Sonnblick (3106 m). This circumstance gave me the opportunity to calculate the yearly course of pressure
on the Sonnblick from the yearly
course of pressure in Vienna and from
the yearly fluctuation of the mean
temperature of the airmass between
the levels of Vienna and Sonnblick.
The pressure variation on the summit is combined as follows:
a) Out of the pressure oscillation
at the level of Vienna, reduced to the
level of the summit of Sonnblick. The
reduction factor is
b/B = 519.7/744.1 = 0.6984.
The constants of Fourier's series for
the pressure course in Vienna
qt;
Pi\ q-i) are to be multiplied by this
factor.
b) It follows from the fundamental
hydrostatic equation that
db= (b/B) dB+ (bh/RT-) dt
(B = height of the barometer in mm
Hg in Vienna, b on Sonnblick; h~
difference in the heights of the two
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places: 2904 m; R = 29.3, the gas
constant; T = 274.38° A, the yearly
average air temperature of the layer).
The second term of the above equation indicates that the temperature
variation dt (of the layer) is to be
multiplied by
bh/RT0.6842
in order to get the relative "thermal
pressure variation".
In this way I could calculate the
Fourier coefficients for pressure variation on Sonnblick pi, qlf p2, q2 if the
series is written in the form,
b — a0 + pi cos x + p2 cos 2 x + . . . .
+ qi sin x + q2 sin 2 x + . . .
whereby
Pi2 + qi2 = ai2 and pi/qi
= tan Ai where i = 1, 2, . . . .
Out of this calculation resulted the
following analysis of the pressure
variation at the level of the Sonnblick.
Barometrical variation
(Index b)
Thermal pressure variation
(Index t)

If the transition from p i, q i to ai
(Pi2 + qi2 = ai2) is made, the relation
between the thermal (index t) and
the barometrical (index b) pressure
oscillation for both terms can be
found. This gives for the annual
wave
(.AI)

T

=

6 . 5 (AT)

B

and for the semiannual wave
(a.) b = 3.3 (a2) t .
. . The annual oscillation in the level
of Sonnblick is essentially of thermal
nature.
The semiannual wave is in first approximation a pressure wave. Its
constancy with height shows that it
cannot be produced by an oscillation
of the entire mass of the atmosphere.
It may be a forced wave which is perhaps caused by the tropical double
wave of pressure.
Pi
q±
p2
9=

+0.49

—0.79

+0.52

+0.12

—6.00

—0.67

+0.03

+0.16

The Land and Sea Breeze of Door Peninsula, Wisconsin 1
B y ERIC R .

MILLER

Assoc. Meteorologist, U. S. Weather Bureau, Madison, Wis.
by exploring by automobile was able
W E N T Y - T W O YEARS AGO I tried to
unify the explanation of the to find out some things about these
rainfall, temperature range, and breezes that I did not know in 1915.
length of growing season in the
The motive power for the breezes,
Upper Peninsula of Michigan, and the temperature gradient between lake
the adjacent part of Wisconsin that and land, was unusually large in 1936
lie between lakes Superior and Michi- and 1937. July 1936 was the hottest
gan, by associating them with the in the history of the state. I took
land and sea breezes around the shores only a few readings of the temperature
of those lakes, evidence of which was of the surface water of Lake Michifound in the resultants of wind at gan, but the testimony of bathers was
weather stations.2
that it was higher than usual. In
I spent some weeks last summer 1911 the U. S. Engineers took water
and the summer before on the much temperature during a voyage of the
smaller Door Peninsula that separates U. S. S. Hancock in these waters and
Green Bay from Lake Michigan, and found the temperature of Lake Michigan to be 63 to 64 °F, while the Green
P r e s e n t e d at Indianapolis meeting
Am.
Bay water ranged from 69 to 70°, in
Metl. Soc., Dec. 28, 1937.
2 Miller, E. R.
July and August. Daily observations
The meteorological influences
of lakes, Proc. 2nd Pan. Amer. Sci. Cong,
of water surface temperatures at
vol. 2 pp. 189-198. Wash. 1917.
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