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Abstract 

The percentage variations of twenty-four hour means of C. R .  in Stockholm ( m a p .  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 nieson decay, contri- 
bute + 4 74. The residual variations, in excess of statistical fluctuations of 0.1 06, depend 
upon other factors, such as geomagnetic activity and solar influences. 

The true absorption coefficient for zenith radiation ( p )  is calculated to have a value of 
1.27. 10-3 cm2/g and the rate of decay (p) is  found to be about 0.060 pr kni. The mcson 
producing layer is attributed to the zoo mb surface, the highest level reached by the daily 
radiosonde ascents in  Stockholm. 

Thc most reliable decay value is obtained by considerations of thc 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 (MALM- 
FORS 1949) which have been used in the investiga- 
tions discussed in this paper. The first objective, of 
an analysis of the intensity values 2, 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 6 = oo, 35" N 
and 35" S. 

The change dN in the number of particles pe- 
netrating from a direction deviating 6" from the 
zenith depends upon ionisation and decay and can 
be expressed by 

dH = - NBdB sec 6 - NTdH sec 6 

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 p representing the true absorption coeffi- 

cient and /Y the mean rate of decay. ,!?' = -, L the 

mean range of the meson before disintegration. 

I 

L 

- -  
With the mean values N, B and Kfor  the whole 

period in question we have 

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 
(PFOTZER 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 5h and 15h GMT. The geopotentials 
of the zoo d i b a r  surface are taken from these 
soundings and the corresponding height values have 
been given in geometric metres. 

The analysis of the d d y  means has given the 
following regression coefficients p and p' in the 
formula 
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Fig. I .  Observed percentagc variations of the duly 
means of 2, N och S intensities, the barometrique 
pressure a t  the ground and the height of the ZOO mb 

surface. 

As shown in fig. I 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 I % 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 yo 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. 

I. Burnrtretrk coejicierrt. We obtain the truc 
absorption cocficient p from the barometric 
regression coefficient /A by means of the equation 

With the above values of ,u the absorption coeffi- 
cients /loo. 2nd /13p for zenithal and for m incidence 
of 35" arc 

/I,,. = 1.73 yo per cm Hg or 1 . 2 7 ~  10-3 cmZ/g 
/?353 = ~ . ~ o o / b  )) )) )) )) 1 . 1 0 ~ 1 0 - 3  cm*/g 

This rcsult 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 grcater air-mass in the oblique direction. 

As at  sea level the hard meson-component is 
about 75 yo of the total zenithal radiation and as 
the N or S intensities are found to be in about the 
same relation to thc Z intensity, we may suppose 
that thc oblique radiation N o r  S 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 1.10 x 1 0 - 3  

cm'Z/g. 
The calculated values of B are lower than the 

BE-value LINDHOLM (1944) deduced without ac- 
counting for the disintegrating process, as His also 
a function of B according to the hypsometrical 
formula. 

2.  Decay coe#cierit. From the regression coefficient 
p' we dcduce the rate of decay 

for Z Po- = 6.s % per km and 
)) N+ S ,Y350 = 4.9 Yo )) kin. 

Considerations of the thermal structure of travel- 
ling cyclones, causing different slopes of the isobaric 
surfaces at upper and lower levcls, 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. Percentagc variations of daily means of Z, N 
and S. Thin curves represent variations after reduction 
to the mean pressure (757.3 niin Hg). Thick curves 
represent variations after reduction both to mean 
pressure and mean height of the zoo inb. surface. 
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over Scandinavia, onc during the days 5-7 January 
1948 with a pressure minimum at  Stockholm of 
730.6 mm Hg at 1 6 ~  on the 6th and another onc 
during the days 12-14 January with a niinimuni 
of 735.5 nim Hg between 0-3h 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 + S 
values during the passages of thc two dcprcssions. 
Thc pressure and height values arc taken at three 
hour intervals before and after the occurancc of thc 
pressure minimum at the ground. Thc valucs of 
Z and N + S arc the sum of the number of coincid- 
enscs 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 
(ZOO nib) in meters at a mean prcssure of 737.5 mm 
Hg before and after the passage of the depression 
and thc sum of Z and N + S at thc two events arc 
given in Tablc I .  

Table I .  Mean values of Z, N i S and height 
of the 200 mb surface for constant pressure at 

the ground during depression passages. 

% beforc737.5 11,247 53,000 
112% after 777.5 11.124 5 7 . ~ 0 0 -  7.2 

I i i i i  
From the value of p' the rates of decay arc calculated 

BIZ 
PN+S = 0.0036 yo )> )) n 3.6 yo n )) 

If a great number of cyclone passages are treated in 
this manner the determinition of /?' can be made 
with great accuracy without knowing the baro- 
metric effect. 

In fig. 4 the values of Z and N + S reduced to 
737.5 are represented as functions of Hand H - sec 3 5" 
resp. The correlation coefficient between Z and 
N + S reduced to constant pressure and H2m mb 
is p = - 0.92. By means of the least square 
method we obtain: 

= 0.0061 % pr meter or 6.1 % pr kni 

Fig. 3. Average variations of B, H, 2 and H + S 
during passages of two deep dcprcssion. (The points 
indicate values of Z and N + S reduced to a xncan 

prcssure of 737.5 nim Hg.) 
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Fig. 4. Relation brtwerii .Z atid f i z o o  t , l ~  .tnd bcrwccti 
N + S and If,,,, ,lib. scc 8. 

,L,'~ = 3.17  k 0.35 and /Yo, = 6.u'j;, per kni 
!"N+S = 2.60 r 0.28 )) -= 3 . 2 O '  )) )) 

The high correlation between the intensity 
reduced to constant prcssurc and the hcight of the 
zoo mb surface support the assumption that the 
variations in height of the 200 mb surface differ 
only insignificantly from those of the nicson 
producing layer assullied to be at about IOO mb. 

SCHERHAG'S ( 1 9 4 8 )  northern hcniisphcrc chnrts 
of the mean absolute topography of the .upper 
troposphere arid the lower stratosphere, drawn by 
means of soundings 1941-44, show but IittIe change 
from the 225 to the 96 nib surfacc of the diffcrcncc 
between the cxtrcnie values equator (niax) - pole. 
Expressed in geodynaniic dccanietcrs (gdni) this 
variation is found to have thc following valucs: 

2 2 5  nib 1,136 gdiii 980 gdiii 156 gdni 
96  1) 1,648 I) 1,492 I) 156  I) 

225 I) 1 , 164  r) 1 ,068 )) 9 6  b) 

06 )) 1.688 1) 1.624 0 6 4  B 

It is interesting to note that, if we take thc corrcs- 
ponding height values for the 300 nib levcl, wc 
find a very little change in the calculated value 
namely ,9' = 5.92 % pcr kni. 

KOLHORSTER and MATTHEW (1939) found p'. = 

= 1.13  x 10-3 cm*/g by recording double coin- 
cidences at Potsdam, and conipcnsating for the 
variation of atmospheric pressure with a variable 
wood screen. This value corrcsponds to /Yo = 6.6 7; 
per km and is quite close to that given abovc. 

From a two months record i n  London in 1943 
DUPERIER (1944) found, from tlirccfold coiricidcnces, 

a lower vduc /I/,] = 5.4 "1 per kni :it a mean pressure 
of 756.7 min. This valuc was deduccd by nicans of 
height valucs of the loo nib surface over southern 
England. The barometric cocficent., however, was 
foiind to be 2.28 7; pr cm Hg so that thc sum of 
the two cocfficicnts is  the same in both cascs. 

It is interesting to find how wcll the height of the 
303 nib surface can be detcrmined by rccords of 
the cosmic radiation. With the decay formnla 
given abovc thc height values have bccn cdlculatcd 
from the intensity v.~lucs of  Z rcduccd for pressure 

the individud height values is found to be -I- 32 m i.c. 
3 pro milk or not far from the accuracy of the actual 
soundings. This result was obtained by averages from 

For the whole niaterial we find F ( H )  = .L 96 111 

3 .  Tciripumtrrrs ior;$iierit. The tenipcraturc coefi- 

the two passing cyclones. 

or  X pro millc. 

cicnt is obtained from 

If we define tlic nic.111 tenipcratur T,,, of the :iir 
column between B and the 200 nib 3urf.icc by the 
hypsomrtric forni:iln 

- 

we find, for H,, I O I O  nib, (i:) - 0.0474 d 

with /i' -= 0.06 per kin we have r = - 0.06 x 
x 0.0474 = - 0 . 0 0 ~ 8  pr "C or a = - 0.28  "/o pr "C. 
Wc obtain for the air colunin bctwecn B and 

- 

IOO mb (g) = 0.00677 and assuming thc same 

valuc /I' = 0.06 pr kin 

a .= - o.00406 or - 0.41 0; per ' C .  

I ~ P E R I E R  (1944) has found the valuc of a = -0 .35  :A 
per "C. Other methods for calculation of the tem- 
peraturc effect have given values of a -between 
- 0 . 3 0  nnd -0.40 pr "C. 

4. Mc.~orr-dcmy arid latitude cffiit of msrr i ic  mdintiorr. 
Thc nic.in ,lope cquator - pole of  the isobaric 

surfaccs i n  thc upper troposphere and lower strato- 
sphere, and also of the layer whcrc mesons arc 
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1,632 
1,636 
1,640 
1,644 
1,652 
1,670 
1,682 
1,676 
1,664 
1.660 

generated, must have sonic bearing 011 the intcr- 
pretation of the latitude effect of C. R., which is 
found by CLAY (193z), HOERLIN (1933) and in the 
extensive observations of A. H. COMPTON (1933). 
From the fact that a latitude effect - an increase 
of the intensity of IZ per cent of the radiation -, 
is found, when going from the equatorial region 
to 5 5  "N gcomag. latitude, it is concluded by these 
authors thnt this part of the radiation consists of 
corpuscles deviated by the earth's magnetic field 
before entering the earth's atmosphere. 

In table 2 thc nicridional changes of the topo- 
graphy of the 96 nib surface are given in dyn deca- 
nieter (gdin) as taken from SCHERHACS niean 
chart for January and July. The great seasonal 
variation of the slope of the 96 mb surface with 
niaximuni in the wintcrnionths and minimum in 
siinini~r is cvidcnt from this table. 

Thc dccay causes a variation with latitude of the 
niean intensity of C. I<. as is shown in column 3 and 
5 of table 2 for January and July respectively. 

It is thus evident that in the winter months the 

1.017 
1 . 0 1 5  
1.012 
1.010 
1.00s 

0.994 
0.987 
0.990 
0.998 
1.00 

Table 2. Average absolute topography of the 
96 m b  surface over the northern hemisphere ac- 

cording to SCHERHAG (1948) 

Lat. 

()or N 
so 
70 
60 
50 

40 
30 
20 
I 0  
0 

J a n u a r y  

Mean 
;cop. gdni 

Mean Rel. 
?t. C.R. 2 

1.097 
1.088 
1.058 
1.049 
I ,040 
1 . 0 3  3 
I ,027 
1.013 
1.00s 
1 .oo 

Mean Mean Rel. 
;cop. gdm. Int. C.R. i 

dccay effect contributes with about one third in 
the latitude effect, up to 55" 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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