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INTRODUCTION.

Rossi (1931) used a twofold coincidence counter telescope and observed
the number of coincidences with an absorber of lead placed first between the
counters (postion 1) and then above the counters (position 2) as shown in
Fig. 1. The number of coincidences in the arrangement (2) was found to be
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slightly larger than that in arrangement (1). This difference was ascribed to

the production of secondary ionising particles in the absorber by photons.
Hsiung (1934) repeated the experiment using a modified arrangement

shown in Fig. 2. Counter 3 is shielded by lead 2-5 cm. thick. A4 is a Pb-
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absorber 20 ¢m. thick, which was placed alternately between counters 1 and 2
(position 1) and above all the counters (position 2). The ratio of threefold
coincidences in position (2) to those in position (1) was found to be 1-06. If
counter 3 was removed, i.e. the experiment described in para. 1 was repeated
now with 20 cm. of Pb, the ratio increased to 1-14. Hsiung interpreted these
results by assuming that the ratio is 1-06 in threefold coincidence, because in
position (2) some primary may be producing a pair of secondaries in the
absorber 4, which may pass through counters 1 and 2 respectively but not
through 3, which is traversed by the primary itself. But the chance of this
kind of coincidence is much less in position (1). The extra amount recorded
in twofold coincidences was taken by Hsiung to arise from some soft com-
ponents which are produced in the absorber 4, but are usually absorbed by
the Pb-shield of the counter 3. Another alternative proposal, viz. that the
extra number of threefold coincidences in position (2) may be due to photons
producing charged particles in 4 was also discussed by Hsiung, but it was
concluded that the probability of such a mechanism was negligible.

Maass (1936) working at sea level measured the absorption of single
cosmic ray particles by a counter telescope placing an iron block 4 of varying
thickness between the counters (position 1) and above the counters (position
2), as shown in Fig. 3. He observed that the ratio of the number of coincidences
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with the arrangement (2) to that with the arrangement (1) was almost unity
for smaller thickness of 4 but increased to about 1-2 for an absorber of 30 em.
of Fe. Maass also observed that the presence of absorbers on the sides of the
telescope affected considerably the number of coincidences. It was concluded
by him that the penetrating ionising particles were created in the absorber 4,
in the arrangement (2) of the counters, by energetic photons present in cosmic
rays. This, however, is in contradiction to what Hsiung concluded.

Arley and Heitler (1938) pointed out that the increase in the number
of coincidences in Maass’s experiment with the shift of the absorber from
the middle to the top of the counters might be due to the production of mesons
by penetrating neutral particles instead of by the photons. They were of
opinion that those penetrating neutral particles are ‘uncharged- mesons’ and
identified them with the ‘neutrettos’ of the meson theory.
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Schein and Wilson (1939) sent a fourfold coincidence counter telescope
up to an altitude of 25,000 ft. in an aeroplane, in order to investigate the pro-
duction of mesons in the atmosphere. The arrangement of counters used by
them is shown in Fig. 4. The bottom tube was shielded from soft shower
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particles by 1:25 em. of Pb. Counter 3 was shielded with Pbh sheets 0-625
cm, thick, to absorb Compton recoil electrons produced in the Pb plate below.
81 cms. of Pb were placed between counters 2 and 3 to absorb the soft radia-
tion, thus enabling to record only the penetrating rays, coming vertically.

The ratio of fourfold coincidences in the arrangement (2) with a Pb
block A4 2-2 em. thick placed above all the counters to those in the arrangement
(1) with the same Pb block placed between the counters 2 and 3 was found
to change with height above sea level. Up to 20,000 ft. the ratio of the
number of fourfold coincidences in the two arrangements remained almost
equal to unity. Above that height the ratio was appreciably greater than
unity, being 1-5 at about 22,000 ft. and 2-1 at 25,000 ft.

They interpreted this result by stating that mesons are produced by
photons only above 20,000 ft.; they also say that the results obtained are in
good agreement with Heitler’s (1938) assumption that the mesons are formed
by secondary photons which are abundant at high altitudes.

Shonka (1939) performed a similar experiment at an altitude of 14,200 ft.
with a fourfold coincidence array of Geiger Miller counters in a vertical
position. A thickness of 12-7 to 17-3 cm. of Pb served as absorber for the
soft secondary particles, in between the counters 4 and 1 (Fig. 5). Additional
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varying thicknesses 4 were placed alternately above the counters (arrange-
ment 2) and between the counters 3 and 2 (arrangement 1). For a small
thickness of 4 of only 0-32 cm. the ratio of the counts with the arrangement
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(2) to those with the arrangement (1) was only 1-:0124:0-012; and for large
thickness of 4 equal to 23-18 cm. the value of the ratio was 1-0594-0-013.

Since most of the photons are absorbed in two ecm. of Pb only the small
and hardly significant difference of 1.240-19, observed with the shifting
of thinner layer 0-32 em. of Pb can be ascribed to mesons produced in the ab-
sorber 4 by primary photons. The much greater difference of 5-94+1-69%
observed with the shifting of thicker layers of 23-18 em. of Pb should
thus be ascribed to mesons produced by neutral particles that are much more °
penetrating than photons. These rays penetrate 20 cm. of Pb without any
considerable absorption. The high penetrating power suggests their identi-
fication with ‘neutrettos’ postulated by Arley and Heitler (1938).

Schein, Jesse and Wollan (1940) made two free balloon flights with a
coincidence counter apparatus designed to record the vertical meson intensity
and also the number of mesons produced in a 2 cm. Pb block by a non-jonising
radiation. The detailed arrangement of the counter set used by them is shown
in Fig. 6.
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Counters 1, 2 and 3 represent one coincidence set, and counters 2, 3 and
4 constitute another set. Since a particle which passes through either set of
counters must penetrate at least 8 cm. of Pb the coincidences registered must
be due to mesons. The top set of counters consisting of the counters 1, 2

and 3 can be actuated only by mesons which have originated outside the
apparatus, whereas the lower set comprising the counters 2, 3 and 4 can be
set. off either by a meson entering from outside or by one which is produced in
the Pb block L, 2 em. in thickness.

Thus the excess of the counts in the lower set, over those in the upper
set, gives us the number only of those mesons which are produced in L, and
which can pass through the three counters 2, 3 and 4.

Schein, Jesse and Wollan have found that the production of mesons in
Pb block L becomes noticeable at about 35 cm. pressure and increases with
altitude, attaining at an altitude corresponding to a pressure of 66 cm. of
Hg, a value of about 259, of the total meson intensity at that altitude,

This rate of production of mesons increases at about the same rate as does
the soft component. This is the evidence that photons are the agents responsible
for a large part of the observed creation of mesons in the Pb block L. On this
assumption, they have calculated a cross-section for this meson creation
process by photons: T = 07 x10-27 ¢cm.~2 per nuclear particle in Pb.

Lovell (1939), on the other hand, while studying cosmic-ray showers at
sea level did not obtain even a single photograph of a meson track produced
by a ‘neutretto’, although 500 photographs were obtained by him in which
the primary particles traversed 10 cm. of Pb. Since, according to Arley and
Heitler (1938), the mean free path of a ‘neutretto’ in Pb is only 5 cm. it was
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concluded by Lovell that the number of neutrettos in cosmic radiation at sea
level must be very much smaller than the number of mesons. He also con-
cluded that probably there are no ‘neutrettos’ at sea level.

Rossi, Janossy, Rochester and Bound (1940) made a careful investigation
of the problem, using a system of counter arrangement in such a way that
fourfold and threefold coincidences could be recorded simultaneously. In
position (2) as well as in position (1) of their arrangement as shown in Fig. 7,
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a Pb block S, 10 em. in thickness was placed between the counters 3 and 4,
80 that the coincidences recorded were all due to mesons. In arrangement (2)
a Pb block L 5 em. thick was placed between the counters 1 and 2, while in
arrangement (1) the block L was placed between 2 and 3.

If some penetrating ionising particles are produced in L, by any non-
ionising agent in cosmic rays, the number of threefold coincidences (234) in
the arrangement (2) should be greater than (234) in arrangement (1). The
difference would be a measure of the number of ionising penetrating particles
which are produced by non-ionising agents in L and are able to discharge the
counters 2, 3 and 4. i

They have observed that the number of threefold coincidences (234)
is 1-640-5% larger in the position (2) than in the position (1). But
the difference between the number of threefold coincidences (234) and the
fourfold coincidences (1234) increased by only 0-18% with such a
shift of the absorber L. This increase ought to have been the same as that
for the threefold coincidences, They concluded from these results that at
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sea level the number of penetrating ionising particles created by non-ionising
agents in cosmic rays is negligibly small, and the positive results reported by
previous workers might be due to some spurious phenomena such as side
showers, etc.

The facts mentioned above clearly indicate that the results obtained by
different workers regarding the creation of mesotrons by non-ionising agents,
photons as well as ‘neutrettos’ in cosmic rays, are not in agreement with
each other and no definite proof of the creation of mesons by ‘neutrettos’ at
sea level has vet been obtained hy any of the observers. It was therefore
thought worth while to repeat the investigation in Calentta using an anti-
coincidence circuit, which is different from that used by Rossi, Janossy,
Rochester and Bound. The results obtained in Calcutta, however, do not
agree with those obtained by Rossi, Janossy, Rochester and Bound.

EXPERIMENTAL TECHNIQUE.
(a) The anti-coincidence circuit.

With an arrangement used by Rossi, Janossy, Rochester and Bound as
is shown in Fig. 7 the number of coincidences (1234) and that of the threefold
coincidences (234) recorded simultaneously are almost the same, but when the
lead plate placed between 2 and 3 is removed to the position between 1 and
2, the number of threefold coincidences (234) increases. The difference between
the threefold coincidences and the fourfold coincidences (234-1234) gives a
measure of the non-ionising rays producing the ionising rays in the lead block
passing through 2, 3 and 4.

If, however, a circuit is designed in which only threefold coincidences
(234) will be recorded while the fourfold coincidences (1234) do not energize
the recorder at all, the simultaneous counting of the threefold and fourfold
coincidences can be avoided. This will greatly simplify the experimental work
and will produce more reliable results. Such a circuit is called the anti-
coincidence circuit. Herzog (1940) described a circuit made on this principle.
While this work was in progress Rossi and Regener (1940) reported the results
of investigations similar to ours in which an anti-coincidence circuit was used.
They carried out the investigation at an altitude of 4,300 metres and obtained
positive results regarding the creation of mesotrons by neutral particles. In the
present investigation an anti-coincidence circuit was designed in which only
threefold coincidences (234} and no fourfold coincidences (1234) could energize
the recorder.

The diagram of the circuit used in the present investigation is shown in
Fig. 8. Just as in the case of Rossi’s coincidence circuit the three tubes 7'y,
T3 and T4 are connected in parallel and are then connected through a common
anode resistance R, to the positive terminal of the 220 volt supply (D.C.)
for the plate voltage. These tubes are kept in a conducting stage, so that
there is originally a potential drop across Ry;. When a charged particle
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passes through the three Geiger Miiller counters Z,, Z3 and Z, the potentials
at the points Ag, A3 and A4 decrease momentarily so that negative pulses are
transmitted to the grids of the tubes 7'y, T's and T4. Thus the tubes come to a
non-conducting stage from a conducting one and at once the potential at the
point B increases. A positive pulse is thus sent to the grid of the thyratron
T, which is kept in a non-conducting state by a negative bias of 16 volts,
This positive pulse drives the grid of the thyratron positive with respect to
its cathode, so that the thyratron at once flashes and the mechanical counter
(a telephone call counter) inserted in the plate circuit of the thyratron is
energized. Thus the threefold coincidence is automatically registered. If,
however, a discharge passes through only one or two of the three counters Z,,

0 = O = Uy = Oy = -0001pF, O3 = O = 0014k,
Ry =R, =1MQ, R,=R,=R,= Ry, =2MQ,
Ryo = Ry =Ry = Rg = Ryy = 25MQ,

Ry = 10MQ. R,y =-04MRQ, T,;= RCA,32,
Ty= (T, Ty =Ty =Ty=T; =RCA 57

Zg and Z,, the thyratron relay is not actuated, because in this case due to the
parallel connection of the three tubes T, T3 and 7'y the change in the potential
at the plate of T, is very small. Hence neither the twofold coincidence nor
the independent discharge of any of the three counters is recorded. When,
however, a charged particle passes only through the counter Z; the grid of
the tube T'; receives a negative pulse. Thus the tube 7', originally maintained
in a conducting stage, becomes momentarily non-conducting, thereby creating
a positive pulse at E which is transmitted to the grid of T's. Since T’ is origi-
nally kept just in a non-conducting state by a negative bias of 3 volts only,
the positive pulse brings it to a conducting stage. A negative pulse is thereby
impressed on the grid of the thyratron. Thus a discharge in counter Z,
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which sends only a negative pulse to the grid of the thyratron is never recorded
in the call counter.

Therefore, when a single charged particle passes through all the four
Geiger Miiller counters Z;, Zg, Zz and Z4, two pulses, one negative due to the
discharge of Z; and the other positive due to the discharge of Zy, Zg and Zy,
are impressed simultaneously on the grid of the thyratron. When the strength
of the negative pulse is either equal to or greater than that of the positive
pulse the thyratron does not flash and so the fourfold coincidence is never
recorded. When, however, an ionising particle passes only through the three
counters Zo, Zs and Z, and not through Z; a positive pulse is delivered to the
grid of Tg so that the call counter is energized. Thus it is found that with
this circuit, only threefold coinecidences ZyZ3Z, can be recorded.  The counter
Z, will be called the anticounter while Z,, Z3 and Z, will be called coincidence
counters. Thus, with an arrangement of counters as shown in Fig. 7 having
the topmost counter as anticounter, called Z;, and with a lead absorber L
between Z; and the next counter Z,, the passage of a neutral particle through
Z1. Zg, Z3 and Z, will be recorded if it produces an ionising particle in L which
discharges Z,, Zg and Z,, because the counters Z; cannot be discharged by
the neutral particle.

To bring the circuit into a working condition careful attention was paid
to the fact that the negative pulse delivered to the grid of the thyratron through
the capacity Cg was never smaller than the positive pulse transmitted through
Cg*. This condition was obtained by using a large value of Ry (~1072)
and Ry; (~2x10%Q) and amplifying the negative pulse from the counter
Z, one stage more than the pulses from the counters Zg, Z3 and Z;. The
strength and shape of the pulses were tested with a cathode ray oscillograph.
The nature of the pulses on the oscillograph screen also indicated that the
negative pulses were of a little longer duration than the positive ones. This
ensured the neutralization of the positive pulse even when a very small time-
lag between the positive and the negative pulses might exist owing to a little
difference in the characteristics of the two circuits producing these two pulses.

In the actual construction of the circuit arrangements are also made so
that either only threefold coincidence, twofold coincidence or single countings
can be recorded whenever desired. The cireuit is also completely shielded from
external radiations.

(b) Counters used.

The counters used are of the self-quenching type and were prepared in
this laboratory. The outer electrodes, cylindrical in shape, are of thin copper
sheet oxidised to black oxide of copper. The central wire is of tungsten of
diameter 02 cm. The envelope is made of pyrex glass tubes. The copper-
oxide electrode has a length of 15 cm. and an internal diameter of 3-5 cm.

* The authors’ thanks are due to Dr. R. L. Sen Gupta for pointing out the necessity
of this condition being satisfied for getting anti-coincidence.
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The gas mixture used consists of argon and petroleum ether in the ratio of
2 : 1 with a total pressure of 5-4 cm. of Hg.*

The first voltage stabiliser circuit of Neher and Pickering was used to get
a source of steady high voltage necessary for the counters.

The counters used start at very nearly the same potential of about 1,150
volts and have a plateau of about 300 volts between 1,200 volts and 1,500 volts.
They were operated at 1,250 volts during the experiments.

The efficiency of the counters has been measured according to the methods
of Street and Woodward (1934) by measuring the triple coincidences of three
counters placed in a vertical plane and then measuring the double coincidences,
with the middle counter removed and the two end-counters kept in the same
position. Triple accidental coincidences as also the double accidental coinci-
dences of the two end-counters have also been determined. The efficiency
of the middle counter is given by the ratio of the real triple coincidence counts
to that of the real double coincidence counts.

The efficiency of all the four counters used together was found to be above
abhout 99-5%,.

The time constant of the twofold coincidence circuit comprising the
tubes Ty, T'y, T and the counters Z, and Zg was determined from the rate of
double accidental coincidences, and the single countings of the two Geiger
Miiller counters. The number of double accidental coincidences per second is
Ags = 2N 3Ngr (Johnson and Street, 1933) where N3 and N, are the single
countings of the counters per second and r is the time constant of the circuit
in seconds. The experimental value of 7 was 4-97 X 105 sec.

The efficiency of the anti-coincidence circuit is determined with an arrange-
ment of counters as shown in Fig. 9. Z; is the anti-counter. All the rays
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* The counters were prepared according to the instruction kindly given by Drs.
Neher and Pickering who visited this laboratory during their recent tour in India with
Prof. Millikan.
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passing through Z,, Zs and Z, must also pass through Z,, so that whenever a
charged particle passes through Z,, Zg and Z, a positive and a negative pulse
are simultaneously impressed on the grid of the thyratron so that the thyratron
relay is not actuated. Thus no fourfold coincidence should be registered with
this arrangement of the counters.

Therefore if n; be the number of the triple coincidence per unit time for
the counter telescope Z,Z37Z, without the anti-counter Z, and ny the number
of fourfold coincidences per unit time with the anti-counter Z, placed between
Zg and Zjg, the efficiency of the circuit is given by the ratio (n;—ng)/n,.

Hence with the arrangement of the counters as shown in the Fig. 10, »n,
and ny were determined without using any absorber between the counters and
from these values of n; and », the efficiency of the anti-coincidence circuit was
determined, and was found to be 99-339%,. ’

As already mentioned, Herzog (1940) as also Rossi, Janossy, Rochester and
Bound (1940) have published two different anti-coincidence circuits. Herzog’s
circuit is very much similar to ours and the efficiency of his circuit is stated
to be more than 989,. Rossi and others clain a cent per cent efficiency of
their circuit. Their circuit is however very complicated. The anti-coincidence
circuit used in the present investigation is very simple and yet quite efficient.

EXPERIMENTAL ARRANGEMENT AND RESULTS.

The arrangement shown diagramatically in figure 10 was used for investi-
gating the non-ionising component of the cosmic rays capable of producing
ionising penetrating particles while passing through an absorber of lead. The
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counter hattery A consists of three counters Z,, Z;. Zg connected in parallel
and forms the anti-counter which when discharged imparts a negative pulse
to the grid of the thyratron. The total width of the counter battery A4 just
covers the angle subtended by the diameter of Zy at Z5. R, is a lead block
10 em. thick placed permanently between Zj and Z;. A lead block 5 cm.
thick is first placed at R, between Z, and Zg and is next shifted to B, between
A and Z;. Ry is a lead block the thickness of which has been varied from 0 to
25 em. in order to investigate the absorption of the incident non-ionising com-
ponent which produces ionising penetrating particles in B,. With the arrange-
ment used in the present investigation the resultant pulse due to the passage
of a charged particle through all the four counters, 4, Z,, Z3, Z,, does not
energize the thyratron and hence the recording instrument (a telephone call
counter), but the positive pulse due to the coincidence of Zy, Z; and Z, not
accompanied by the discharge of the counter A are recorded. These later
coincidences will be called the anti-coincidences Zy,Z3Z,—A. The experiment
was carried out in a one storied building having a light roof. The counters
and the absorbers were placed in the respective positions on an iron frame,
The results obtained with various disposition of the absorbers are given in
Table I. Standard statistical errors are also included in these results.

Tasrr 1.

Totaéftnme Total number Counts

of counts | (Z,Z34,—A)
(ZoZ3Z,—A) per hour.

Disposition of absorbers. ;
experiment

in hours.

Ry =5cm.;: Ry = Ry = 0cm. .. 40-42 83 2:10 +0-228
Ry =5dcm.; Ryg=0cm.; By = 2:5cem. .. 43 91 2:116 +0-222
Ry =5 cm.; Ry =0 cm.; Ry = 5 em. .. 34 73 2-147 £ 0-251
R, =0 cm.; Ry = 5 cm.; B3 = O cm. . 97 352 363 +0-194
R, =0cm.; By =5cm.;: Ry = 2:5 cm. ‘E 104 343 3-298 +0-178
Ry =0cm.;: Ry = Hem.; Ry = 5 cm. . 101 i 310 3-:069+0-174
Ry=0cm.: Ry=5cm.; Ry = 10em. .. 105 294 2:80 +0-163
Ry =0em.:Ry;=>5em; Ry=15em. .. 75 209 2:786 4 0-193
Ry=0cm.; Ry=5cm; By=20em. .. | 98 267 2.781 +0-170

! i

Discrssion oF RESULTS.

The results in Table I show that the number of anti-coincidences, i.e. the
number of events in which the three counters Z,, Zg, Z; are discharged simul-
taneously while the counter system A remains unaffected, increases from
214228 to 3-634--194 per hour on shifting the lead absorber, 5 cm. thick, from
R, to Rg. This may be interpreted in two ways: (1) a non-ionising component



BY NON-IONISING AGENTS IN COSMIC RAYS. 245

of cosmic rays creates, while traversing Ry, a charged particle which passes
through the counters Z,, Z3 and Z, and can thus penetrate 10 cm. of Pb and
(2) side showers discharge Z,, Z3 and Z, without striking the counter system 4
and the number of such incidents increases on shifting the absorber from R,
to Bs. Let us first consider the possibility (2). From the results of their
investigation Rossi, Janossy, Rochester and Bound (1940) came to the con-
clusion that the side showers were responsible in their arrangement for the
increase by about 1-49% of the threefold coincidences Z,ZgZ, when the absorber
was shifted from By to RBy. They recorded the fourfold Z,2,Z:7Z, and three-
fold Z,Z3Z, coincidences simultaneously and thus found out the number of
threefold coincidences not accompanied by the fourfold coincidence. These
events (called anti-coincidences by them), however, were found to increase only
by about -18%, of the threefold coincidences. If charged penetrating particles
produced by the non-ionising component in the absorber at Ry were responsible
for the increase in the threefold coincidences Z,Z3Z,, the number of anti-
coincidences should have increased by the same amount. Since the number
of anti-coincidence was observed not to increase by more than 0-18Y%/ the major
portion of the increase in the number of threefold coincidences was ascribed
to side showers. The presence of side showers was further demonstrated by
placiug a Wilson chamber between Z, and Zg and photographing such showers,
but removing the absorber K, so that even electrons and positrons of the
side showers could discharge the two counters below the chamber,

In the present investigation, the presence of side showers was investigated
by displacing the counters in the horizontal directions at right angles to their
lengths, so that they did not form a counter telescope. The side showers
in this case also had an equal chance of causing the threefold coincidence
without discharging Z, as in the case of the counter telescope. The results
given in Table II, however, show that the observed number of side showers
being only 0-37 4019 per hour when 5 cm. of Pb is placed at By and 0-17£-01
per hour when the absorber Ry is absent, the increase in the number of anti-
coincidences with the shift of absorber from R; to R, cannot be accounted for
by the side showers. Also the increase is much greater than the standard
statistical error. Hence the results lead to the conclusions that the observed
increase in the number of anti-coincidences with the shift of the absorber is
due to the non-ionising component of the cosmic rays which produces charged
particles in the absorber at R,.

Tasre II.
No. of
; anti- .
: P ! No. of
! No. of hours. i c%mZudZen(js Z,Z3Z,-4A
: adigdiy—
: due to side per hour.
' showers.
Ry— 5 cms. .. . 30 1 0-37 + 019
Ry=0 .. .. . 41-5 7 017401
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It was observed that with the same arrangement of the counters Z,, Zg,
7, as described above but with the circuit of the counter 4 disconnected from
the grid of the thyratron the number of triple coincidences with B3 in the
position shown was 24-414-31 per hour. Hence the neutral component
being 1-3 per hour was about 5-4%, of the total penetrating ionising component
of the cosmic rays. This is much higher than that reported by Rossi, Janossy,
Rochester and Bound who observed the neutral component to be only 0-18%,
of the total penetrating component. In the present investigation, the back-.
ground with no absorber at Ry is 2-1 counts per hour which is very large.
As explained above, this background was not due to side showers but was
due to the length of counter Z, being much larger than what would remain
entirely within the solid angle subtended by the anti-counter at the counter
Zs. This stray effect was, however, constantly present for all the thicknesses
of the absorber Rz and hence it can be presumed that it remained constant
when the absorber was put at B, and consequently there is a genuine increase
in the anti-coincidence with the shift of the absorber from Ry to B;. Further,
the increase was much less when a Pb absorber of thickness 10 cm. was placed
at Rg. Further increase in the thickness of B3 does not appreciably affect
the number of anti-coincidences observed with the absorber in Ry. This fact
shows definitely that there is a non-ionising component capable of producing
ionising penetrating particles in By and that part of this non-ionising component
is completely absorbed by 10 cm of lead and the remaining part is not absorbed
by 25 cm. of lead. The former part is probably the photon component and the
latter part may consist of neutrettos. If this interpretation is assumed to be
correct then the percentage of these neutral particles producing mesotrons at
sea level is only about 2.19; of the total number of mesons. Rossi and Regener
observed that at an altitude of 4,300 metres these neutrettos which produce
mesotrons are less than one per cent of the total mesotron intensity.

The results of the present investigation are apparently contradictory to
those of Rossi, Janossy, Rochester and Bound (1940).  The circuit used by the
latter authors, however, was not actually an anti-coincidence circuit and the
side showers might be responsible for increase in the number of fourfold coin-
cidences with the shift of the absorber from s; to s, and in that case the difference
between the fourfold and threefold coincidences recorded by them would be
diminished. The results reported by them actually indicate that the number
of fourfold coincidences (4 BCD) increased with the shift of the absorber from
8y to s3, because while the number of threefold coincidences increased by
1-69,, the difference between the numbers of threefold and fourfold coinei-
dences increased only by -189,. Such spurious fourfold coincidences would
not affect the total number of anti-coincidences recorded with the circuit
used in the present investigation. Probably this explains the discrepancy
between the results of the present investigation and those of Rossi, Janossy,
Rochester and Bound.
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In conclusion the authors take this opportunity of expressing their
gratitude to Prof. M. N. Saha, F.R.S., for his kind interest and guidance
during the progress of the work.

SUMMARY.

The production of mesons by non-ionising agents in cosmic rays has been
investigated using an anti-coincidence circuit consisting of four horizontal
counter systems placed one below the other to form a vertical counter telescope.
The topmost system formed the anti-counter imparting, on passage of a charged
particle through it, a negative pulse to the grid of the thyratron of the recording
circuit, while the lower three systems formed a threefold coincidence circuit
imparting a positive pulse to the said grid. It has been observed that with a
lead absorber 10 em. thick between the bottom and the third counter and on
shifting a lead absorber 2 em. thick from its position between the second and
the third counter to a position between the topmost counter and the second,
the number of anti-coincidences increased by 59, of the total vertical intensity
of the mesons. On placing an absorber of lead 10 em. thick on the top of the
anti-counter, this increase was only 29, of the said mesotron intensity. It is
concluded that the latter increase might be due to production of mesons by
neutrettos in the lead absorber between the first and the second counter while
the total increase of 59, might be that due to both photons and neutrettos.

REFERENCES.

Arley, N. and Heitler, W, 1938. Neutral particles in cosmic radiation. Nature, 142, 158.

Heitler, W. 1937. On the analysis of cosmic rays. Proc. Roy. Soc., 161A, 261.

Heitler, W. 1938. Shower produced by the penetrating, etc. Proc. Roy. Soc., 166A, 524

Herzog, G. 1940. Cloud chamber photographs, ste. Phys. Rev., 57, 337.

Herzog, G. Circuit for anti-coincidences, etec. Rev. Sc. Inst., 11, 84.

Hsiung, D. 8. 1934. A coincidence test of the corpuscular hypothesis, etc. Phys. Rev.,
46, 653.

Johnson, T. H. and Street, J. C. 1983. Circuit for recording, etc. Jour. Franklin
Institute, 215, 239.

Lovell, A. C. B. 1939. Shower production by penetrating, etc. Proc. Roy. Soc.,
1724, 568.

Maass, H. 1936. Uber eine harte Sekundar strahlung. Ann. der. Phys., 27, 507.

Rossi, B. 1931. Uber den Ursprung, etc. Z.f. Phys., 68, 64.

Rossi, B., Janossy, L., Rochester, Gi..and Bound, M. 1940. On the production of secon-
dary ionising, etc. Phys. Rev., 58, 761.

Rossi, B. and Regener, V. 1940, Production of mesotrons, etc. Phys. Rev., 58, 837.

Schein, M., Jesse, W. P, and Wollaun, E. 0. 1940. Intensity and rate of production, ete.
Phys. Rev., 57, 847.

Schein, M. and Wilson, V. C. 1939. Evidence for the production, etc. Phys. Rev., 54,
304.

Shonka, F. R. 1939. New evidence for existence of, etc. Phys. Rev., 55, 24.

Street, J. C. and Woodward, R. H. 1934. Counter-calibration, etc. Phys. Rev., 46,
1029.



