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Abstract

The percentage variations of twenty-four hour means of C. R. in Stockholm (magn. lat 58°)
amount to = 5 % of the mean value over a quiet period of two months’ duration. The two
atmospheric effects, the mass absorption due to ionisation and the meson decay, contri-
bute + 4 %. The residual variations, in excess of statistical fluctuations of o.1 %, depend
upon other factors, such as geomagnetic activity and solar influences.

The true absorption coefficient for zenith radiation () is calculated to have a value of
1.27- 1073 cm?/g and the rate of decay (f) is found to be about 0.060 pr km. The meson
producing layer is attributed to the 200 mb surface, the highest level reached by the daily
radiosonde ascents in Stockholm.

The most reliable decay value is obtained by considerations of the thermal structure of
air-mass changes in travelling deep depressions.

Introduction

I am indebted to Dr Malmfors for copies of the
continued counter records from Stockholm (Marm-
FORs 1949) which have been used in the investiga-
tions discussed in this paper. The first objective, of
an analysis of the intensity values Z, N and S of
C. R., was to deduce the true absorption and decay
coefficients of particles from the three central direc-
tions with the mean zenith distances # = 0°, 35° N
and 35°S.

The change dN in the number of particles pe-
netrating from a direction deviating 4° from the
zenith depends upon ionisation and decay and can

be expressed by
dH = — NBdB sec # — Nf'dH sec 9

where dB in mm Hg is the change in the air-mass
over the station and dH the height-changes in m
of the meson producing layer in the lower stra-
tosphere § representing the true absorption coefh-

cient and §° the mean rate of decay. ' = IZ’ L the

mean range of the meson before disintegration.

With the mean values N, B and H for the whole
period in question we have

N—N = — NB (B—B) secc# — Nf’' (H—H') sect

The daily mean-values of the airmass, the baro-
metric pressure, were taken from the hourly values
of the Meteorological station at Stockholm-
Bromma airport.

Tre results of counter-soundings to upper levels

. (ProTzER 1936) show the meson producing layer

to be at a pressure of about 100 mb. Unfortunately
the daily aerological and wind soundings at Stock~
holm generally do not reach higher than the 200
millibar surface. These soundings, which have been
employed in the present investigation, are made
twice daily at sh and 158 GMT. The geopotentials
of the 200 millibar surface are taken from these
soundings and the corresponding height values have
been given in geometric metres.

The analysis of the daily means has given the
following regression coefficients u and x’ in the
formula
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Fig. 1. Observed percentage variations of the daily

means of Z, N och S intensities, the barometrique

pressure at the ground and the height of the 200 mb
surface.

Z\T——Z\?:—IM(B——B)—‘MI (H—ﬁ’):

Z — 25 423 = — 44.05(B—757.3) — 1.620( H —
11 340)

N—16 263 = — 29.94(B — 757.3) — 0.920( H—
11 340)

S — 15645 = — 28.45(B — 757.3) — 0.998( H—
11 340)

As shown in fig. 1 the observed variations of the
daily means of Z, N and S amount to about + 5 %
of the means for the whole period. However they
are reduced to + 1 % by considering both mass
absorption and decay (the thick curves in fig. 2).
The thin curves in fig. 2 represent the percentage
deviation after reduction to a constant pressure
of 757.3 mm Hg. Other factors are responsible for
residual changes larger than the statistical fluctua-
tions of about 0.1 %, of the mean intensity. Though
not yet fully elucidated the influence of magnetic
activity and of solar influences on the primary
radiation seem to be of particular importance.

1. Barometric ((kjﬁ(iﬁlf. We obtain the true
absorption cocfficient # from the barometric
regression coefficient ¢ by means of the equation

H= ﬁﬁ sec &
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With the above values of p the absorption coeffi-
cients Bpo and Base for zenithal and for an incidence
of 35° arc

Boo = 1.73 % per cm Hg or 1.27x 1073 cm?/g

/3353 =1.509% » » » » I,LIOXIO3 sz/g

This result is in accordance with our knowledge of
the C. R., for with a greater angle of incidence the
weaker component of the C.R. is absorbed by
the greater air-mass in the oblique direction.

As at sea level the hard meson-component is
about 75 % of the total zenithal radiation and as
the N or § intensities are found to be in about the
same relation to the Z Intensity, we may suppose
that the oblique radiation N or § is about equivalent
with the hard meson-component of the zenithal
radiation. The absorption coefficient of this meson-
component must then be of the order of 1.10x 1073
cm?/g.

The calculated values of § are lower than the
BE-value LiNnpHOLM (1944) deduced without ac-
counting for the disintegrating process, as H is also
a function of B according to the hypsometrical
formula.

2. Decay coefficient. From the regression coefficient
u we deduce the rate of decay

for Z Bo =6.5% per km and
» N+8 Bas» =49% » km.

Considerations of the thermal structure of travel-
ling cyclones, causing different slopes of the isobaric
surfaces at upper and lower levels, suggest a method
for determination of the rate of decay independently
of the barometric effect. During the period in-
vestigated there were two deep depressions passing
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Fig. 2. Percentage variations of daily means of Z, N
and S. Thin curves represent variations after reduction
to the mean pressure (757.3 mm Hg). Thick curves
represent variations after reduction both to mean
pressure and mean height of the 200 mb. surface.
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over Scandinavia, one during the days s—7 January
1948 with a pressure minimum at Stockholm of
730.6 mm Hg at 16" on the 6th and another one
during the days 12—14 January with a minimum
of 735.s mm Hg between o—3!t on the 14th.

Fig. 3 shows the average pressure variation at the
ground and furthermore the variation of the height
of the 200 mb surface and of the Z and N+ §
values during the passages of the two depressions.
The pressure and height values are taken at three
hour intervals before and after the occurance of the
pressure minimum at the ground. The values of
Z and N + § are the sum of the number of coincid-
enses at the same time interval on the two occasions.
The points indicate the values of Z and N+ S
reduced to a mean pressure of 737,s mm Hg.

The corresponding observed mean values of H
(200 mb) in meters at a2 mean pressure of 737.5s mm
Hg before and after the passage of the depression
and the sum of Z and N + § at the two cvents are
given in Table 1.

Table 1. Mean values of Z, N |- S and height
of the 200 mb surface for constant pressure at
the ground during depression passages.

Hour [Mean Height
pres-

from sures of 200
ba.ro.mctcr 1t the mb Z | Mo [NA-S| pigge
minimum " - surface

pvassage tion meter
121, beforel737°5|11,247|53,000 66,460
1214 after |737.5|11,124|53,400]— 3.25{66,820{— 2.93

From the value of p’ the rates of decay arc calculated
B2

B'N+s = 00036 % » »

= 0.0061 % pr meter or 6.1 % pr km
» 3.6% » »

If a great number of cyclone passages are treated in
this manner the determination of 8" can be made
with great accuracy without knowing the baro-
metric effect.

In fig. 4 the values of Z and N + § reduced to
737.5 are represented as functions of Hand H-sec35°
resp. The correlation coefficient between Z and
N + S reduced to constant pressure and H?® mb
is p =-—o0.92. By means of the least square
method we obtain:

Fig. 3. Average variations of B, H, Z and H+ S

during passages of two deep depression. (The points

indicate values of Z and N + S reduced to a mcan
pressure of 737.5 mm Hg.)

5—906620

A

51000

52

53000

540

N+S
65000

66000

67000

mel:e-r‘
11350

11300

11250

11200

11150

11100

65

\ =
\ O\

AL s
AAW\

NE_ L s
el le bt b bl iz3o
2u'18 12 6 0 6 12 18 &
before after



66 F. LINDHOLM

Ne§ =2 13600 ., B0 13800

13900 meter

" ' ' Z
HEE e S e300
N T
[ |
{ [ et G e s s
—— v I RR00
S s e > »Z. HCHO0
T S O T O SO T B S
1200 1300 11400 meer

— N0
H

Fig. 4. Relation between Z and Hazgo mb and between

N + S and Hyy, b S¢¢ ?.

W, =317 £ 035 and

_ = 6.0% per km
!I,N+S = 2.60 1 0.28 »

Bas =32% » »

The high correlation between the intensity
reduced to constant pressurc and the height of the
200 mb surface support the assumption that the
variations in height of the 200 mb surface differ
only insignificantly from thosc of the mecson
producing layer assumed to be at about 100 mb.

SCHERHAG's (1948) mnorthern hemisphere charts
of the mean absolute topography of the -upper
tropospherc and the lower stratosphere, drawn by
means of soundings 1941-~44, show but little change
from the 225 to the 96 mb surface of the difference
between the extreme values equator (max) — pole.
Expressed in geodynamic decameters (gdm) this
variation is found to have the following values:

Level Equator Pole ’ Difference

Jan 225 mb |1,136 gdm| 980 gdm| 156 gdm
. 96 » 1,648 » 1,492 » 156 »
225 » |1,164 » |1,068 » 96 »
July { 96 » |1,688 » |[1,624 » 64 »

It is interesting to note that, if we take the corres-
ponding height values for the 300 mb level, we
find a very little change in the calculated value
namely p’ = §.92% per km.

KotHORsTER and MATTHEW (1939) found f' =
=1.13X1073 cm?/g by recording double coin-
cidences at Potsdam, and compensating for the
variation of atmospheric pressurc with a variable
wood screen. This value corresponds to s = 6.6 %
per km and is quite close to that given above.

From a two months record in London in 1943
Duperier (1944) found, from threefold coincidences,

alower value ff'o = 5.4 % per km at a mean pressure
of 756.7 mm. This valuc was deduced by means of
height values of the 100 mb surface over southern
England. The barometric cocthicent, however, was
found to be 2.289% pr cm Hg so that the sum of
the two cocflicients 1s the same in both cascs.

It is interesting to find how well the height of the
200 mb surface can be determined by records of
the cosmic radiation. With the decay formula
given above the height values have been calculated
from the intensity values of Z reduced for pressure

variations. The mean error & (H) = -1 \

the individual height values is found to be 4- 32 mi.c.
3 pro mille or not far from the accuracy of the actual
soundings. This result was obtained by averages from
the two passing cyclones.

For the whole material we find ¢ (H) = L 96 m
or 8 pro mille.

3. Temperature cocfficient. The temperature cocfhi-
cient is obtained from

‘d>  dH , dH
Camdr, TP,

X

T, of the air

If we define the mean temperatur T,
column between B and the 200 mb surface by the

hypsometric formula

Bo

Hagg - 00074 - 1), log -~ km
200

dH
we find, for B, — 1010 mb, <— —: 0.0474 and
dTI”
with # =0.06 per kim we have « = -—0.06%
X 0.0474 = — 0.0028 pr °C or & = — 0.28 %, pr °C.

We obtain for the air column between B and

dH .
100 mb ) = 0.00677 and assuming the same
m

value # = 0.06 pr km
o = — 0.00406 or — 0.41 %5 per “C.

Duperier (1944) has found the valuc of & = —0.35 %
per °C. Other methods for calculation of the tem-
peraturc cffect have given values of « -between
—o0.30 and — o.40 pr °C.

4. Meson-decay and latitude effect of cosmic radiation.
The mean slope equator — pole of the isobaric
surfaces in the upper troposphere and lower strato-
sphere, and also of the layer where mesons arc
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generated, must have some bearing on the inter-
pretation of the latitude effect of C. R., which is
found by Cray (1932), HoERUIN (1933) and in the
extensive observations of A. H. Compron (1933).
From the fact that a latitude effect — an increase
of the intensity of 12 per cent of the radiation —,
is found, when going from the equatorial region
to 55 °N gcomag. latitude, it is concluded by these
authors that this part of the radiation consists of
corpuscles deviated by the carth’s magnetic field
before entering the carth’s atmosphere.

In table 2 the meridional changes of the topo-
graphy of the 96 mb surface are given in dyn deca-
meter (gdm) as taken from ScHERHAGS mean
chart for January and July. The great scasonal
variation of the slope of the 96 mb surface with
maximum in the wintermonths and minimum in
summer is cvident from this table.

The decay causes a variation with latitude of the
mean intensity of C. R. as is shown in column 3 and
s of table 2 for January and July respectively.

It is thus evident that in the winter months the

Table 2. Average absolute topography of the
96 mb surface over the northern hemisphere ac-
cording to SCHERHAG (1948)

January July
Lat. )
Mecan  |Mecan Rel. Mean | Mean Rel.
Geop. gdm.iInt. C.R. ZiGeop. gdm.|Int. CR. Z
90” N 1,496 1.097 1,632 1.017
8o 1,504 1.088 1,636 1.01§
70 1,540 1.058 1,640 1.012
60 1,564 1.049 1,644 1.010
50 1,580 1.040 1,652 1.005§
40 1,596 1.033 1,670 0.994
30 1,610 1.027 1,682 0.987
20 1,624 1.013 1,676 0.990
10 1,640 1.00§ 1,664 0.998
¢} 1,648 1.00 1,660 1.00

decay cffect contributes with about one third in
the latitude effect, up to $5° latitude. Still farther
north the meson decay must cause further increase
of the average intensity amounting to 10 % in the
polar region.
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