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ASTPOMETEQPOAOTIA. — The mean monthly air temperatures in
Prague and Berlin during the periods of solar activity, by
Lyssimahos Mavridis*. > Avexowddm tmo tod %. Bacth. Alywiitov.

1. Prof. Xanthakis, in recent papers [1,3], has pointed out, that for
many stations of the temperate zones, the mean monthly air temperatures
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in absolute degrees ‘I, i = 1,2, ... 12, verify the following relations:

(1) T,L,i:%(Ti—kTm_i) A4 Csin (g — V)

. '-[‘13—i <1 p
(2) R T T 1—ecos (L — w)
l=—mv0. ; . ab

where L; i=1,2...6, is the longitude of the Sun at the middle of the months
January, . . . - ... June, for the middle year of the time interval considered,
and A, C,V,p, e, w, are constants to be determined.

A theoretical justification of these relations, is given by Xanthakis, for
the case in which we consider the Earth without atmosphere [2,3]. -

Using relations (1) and (2), Xanthakis gives a new mathematical
expression of the annual variation of the air temperature, in the temperate
7ones. i.e.:

T T -A—I—Csin(Li—V)]-

P ot Ul e
e 2Pl ;
@ T =52 A+Csm<Li—V)]-

—l— ‘|‘ cos (L )—[—(p+ )cos (Ls —w)}

—br . . .6

This new expression, is of a special interest, because the majority of
the constants appearing in them, are related, as Xanthakis has shown, to
certain quantities characteristic of the annual variation of the air tempe-
rature,

Thus, if we denote by 'I%, T'. the mean temperatures of the 4 warmer
and the 4 colder months of the year, by T, Teq the mean temperatures
during the months of the equinoxes, and by Ty, I'y the mean temperatures
during the months of the solstices, i.e.:
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szi(T5+»F6—|—T7+Tg>, Tczi(T,I+Tiz+T,+T2>
Tng(Tr+TQ, T@zg(Tfkng
T, :;(Té —;—T7>, B D ; (T,2+Tl>

then we have the following relations, given by Xanthakis:

(5) Ty —T. == 1,673 Ccos (V—g°)
(6) Teq — Teq = (Po + €& ) + € cos (W — 9°)

ey 2 (T ) — (T T
L P SR

where :

Po=(p—1)Teq, e, =—ep T cos 15°

By using relations (5), (6), (7), the study of the variations of the «sea-
sonal temperatures», is transfered to the study of the variations of the
constants in relations (1), (2).

Prof. Xanthakis, referring to the above in his paper [3], after showing
that relations (5), (6), (7) are satisfactorily verified by the observations in 6
stations of the northern temperate zone, studied, by using these relations,
the variations of the seasonal temperatures, in those stations, from period
to period of solar activity.

For the determination of the values of the constants p, e, w, he used a
method of successive approximations [ 1], while for the constants A, C, V,
he made use of another method [ 3 ].

In this paper, we extend the relative research to two more stations, of
the Central Europe, having a long series of thermometrical observations i. e.
Prague [4,5] and Berlin [6].

We have found, that relations (1) and (2), are satisfactorily verified for
these stations too. I'hus, in ‘I'able I, the calculated values of the constants
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A,C,V,p,e, w, for the successive periods of solar activity are given. Each
period begins during the year following that, in which the minimum of the
mean annual relative sunspot number occurs. Using these values we
easily find the values (T\.;) cat., (R i) ca. Of the quantities 1',; and R;, given
by relations (1) and (2), and we see, that the 92 per cent of the diffe-
rences (Ty,i) obs. — (T'wi) car. are less than, or equal to, * 0°5 C;also that
75 per cent of the differences (R ;) ons. — (R i) car. are less than, or equal
to, T 20.10-"*

For the determination of the values of the constants, we made use of
the method of the least squares. For this purpose, we modified at first the
used values of the longitude of the Sun. Thus, as I,; was taken the quan-
tity L;=L:+}+y,i=r,2,..6, where I,; has for each period of solar acti-
vity the values given in the last column of the Table I, while the values
of y; for each century 18th, 1g9th, 20th are given in T'able II. The method
of calculation of these values of I,;, and the detailed description of the
method used for the determination of the constants, are given in another
paper of ours, to be shortly published [7]. We notice here that the use

of this new method does not, as a whole, change appreciably the values of
the other constants, except the two phase angles w and v, whose values

are increased by 2° approximately, owing to the use of the new values of L;.

TABLE II
Values of yi
Centuries ‘ Vi Ya Ys Vi { Ys Ve
| 18th o° o 30% 3° 5% 42° 89° 44’ 119° 17 148° 30 |
19th 0° o 30° 3 59° 44’ 89° 48’ 119° 23’ 148° 36’
20th ol of 30° 4 59° 47 89° 53’ 119° 29° 148° 43

2. Variations of the constants.

Figures (I), (2), (3) and (4), give the graphs of the C, e, w, V, respe-
ctively, for the successive periods of solar activity, for Prague and Berlin
and also for Vienna, which has been studied by Xanthakis’.

1. The values of the constants for Vienna, found by Xanthakis [3], are
shown in fig. (1), (2), (3) and (4), by broken lines, while the continuous lines
represent the values of the constants for the same station, found by our method.
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From these we can see that the variations of the values of the con-
stants C, e, w, V, in these three stations, show a considerable analogy.

Thus, constant C, shows a slight decrease from the beginning of the
19th century till the period 1914 -23, whence begins again to increase. This
decrease is more obvious and uniform for Vienna, while for the other two
stations, is interrupted by slight fluctuations of the values of C.

77.0
10.0+
Berlin

90+ 711.0

-100 \/\’/\N\—-—“"—'\—\/ Wbague
77.0-1- Q0
1807 Vienna
go 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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84 S8 1870 23 33 43 56 67 78 89 71907 73 23 33 44

Fig. 1. Values of C.
Constant e, on the contrary, shows remarkable fluctuations, with two

distinct minima, the first during the period 1824 - 33 and the second during
the periods 19o2-13 and 1914 - 23.
The phase angles also, show remarkable variations.
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Fig. 2. Values of e.
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Thus, angle w show S fluctuations of a considerable range, with a
distinct minimum during the period 1824—33 and fairly clear maxima
during the periods 1868—78 and 1914—23.

Angle V, on the contrary, shows fluctuations of a smaller range, with
fairly clear minima during the periods 1811—23, 1857—67 and 18go—19o0I.

3. Seasonal temperatures.

As we have already stated, Xanthakis transfers, with the help of rela-
tions (5), (6), (7), the study of the variations of the seasonal temperatures,
to the study of the variations of the constants in relations (1), (2).

It is interesting, therefore, to examine whether relations (5), (6) and (7)
are also verified for the two stations of the Central Europe considered.
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04426
o
- 51 +15
o
—101+410° Prague
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84 98 810 23 33 43 56 67 78 89 1907 73 23 33 44

Fig. 3. Values of w.
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Relative research has shown that, in fact, these relations' are satisfa-
ctorily verified by the air temperature data of these stations. Thus, Table
I1I, gives the observed and calculated by relation (5) values of the difference
Ty — T, for each period of solar activity. As we see, the agreement
of these two values is satisfactory. All the differences (Th— Te )obs.
— (T'h — T'¢ )car., are less than, or equal to, * o%2 C.

In T'able III, are also given, the observed and calculated by relation
(6) values of the difference T'eq— Teq. Again, these two values, agree

Berlin

< Drague

o
5+0

Vienna

1 1 1 L 1 1 L 1 1L i 1 1 1 1 1
1776 1785 1799 1871 71824 1834 1844 7857 1868 1879 1890 1902 1914 1924 1934
84 98 1810 23 323 43 56 67 78 89 1907 3 23 33 44

Fig. 4. Values of V.

satisfactorily with each other. The 8o per cent of the differences (T'eq—
—"T'eq) obs. — (T"eq — T'eq) cat. are less than, or equal to, T o 3C.

Finally, from relation (7) follows that the difference V—II°, must be
of the same sign as the difference D=(Ts - T'w) — (I"eq  Tey).- This is
valid for the considered stations, as we can see from ‘I'able III, where the
observed values of the difference D and the corresponding values of
V—II° are given. This I'able shows also, that there is a high correlation,
between the values of these two differences, the correlation coefficient

being 0.98 for Prague, and 0.99 for Berlin.

1. We must notice here, that, due to the use of the new values of Li, the
constant angle ¢°, in relations (5), (6) and (7), is substituted by the value 11°.
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After proving the validity of relations (5), (6) and (7) for the stations
under consideration, we can study now, the variations of the seasonal tem-
peratures in these stations, from period to period of solar activity, with the
help of fig. (1), (2), (3) and (4).

Thus, the difference T — 'I'. must show, like C, a decrease from the
beginning of the 19th century till the period 1914-—23, whence it must
begin to increase. This is very easily seen, in T'able III, from which we
find that the range of this decrease amounts approximately to 2°C, in
both stations.

The difference T'eq — Teq, on the contrary, must show, like P and e,
considerable fluctuations. That this is actually the case we can see from
Table III, from which we find that the range of this fluctuation, for the
time interval considered, amounts approximately to 2°4 C in Prague, and
2°.2 C in Berlin.

Finally the difference D=(Ts + Tw) — (T"eq + Teq), shows also flu-
ctuations, analogous to those of V—1I°, with a range of 2°.6 C for Prague
and 3° C for Berlin.

4. Mathematical expression of the annual variation.

Prof. Xanthakis has shown [ 3], that relations (3) and (4) express
satisfactorily the annual variation of the observed mean monthly air tem-
peratures for the 6 stations studied by him. At the same conclusion we
arrived for the two new stations, under consideration. T'he I'able of the
observed and calculated by relations (3) and (4) mean monthly air tempe-
ratures for these stations, during the successive periods of solar activity, is
given in the above mentioned paper of ours [7]. Here we testrict ourselves
to say, that the 82 per cent of the differences T',ps.—T'cal., are less than, or
equal to, £ %5 C.
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