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CHAPTER I.

e e e et st

INFRODUCTION,

The primsry obJject of this research was to
establish with accuracy the variation of the vertical
intensity of the penetrating component of cosmic radia-
tion as a function of altitude in the neighbourhood of
Edinburgh, geomagnetic latitude 59°N. By the use of
Geiger-Mueller counters connected in coincidence to form
vertical telescopes, and carried to great heights by
free balloons, it was intended to measure the intensity
of the penetrating radiation from ground level to within
1 per cent of the "top of the atmosphere",

At this time (July 1947) the altitude varia—
tion of the total cosmic ray intensity was regarded as
fairly well established, Counter measurements, notably
those of Pfotzer(l), had shown an increase in the total
verticel intensity from ground level to a meximum in the
region of 100 mb.®  Beyond this point the coincidence
rate decreased reapidly.

Similar experiments had been performed with

telescopes containing sufficient lead absorber to exclude

e pressures will be given in millibars. For a

given altitude, the pressure in mb, is numerically prac-
ticallyzequal to the residual atmospheric depth in
gm,/cm,



the soft radiation, to determine the altitude variation
of the penetrating component. The results published
prior to 1947, however, disagreed with one another both
gualitatiwvely and guantitatively, and the discrepancies
between tnem could not readily be explained in terms of
either the various geographical locations at which the
measurements were made, or the different geometrical
arrangements used in the counter telescopes, A sum=-
mary of these results is now given.

Among the first observations to be published
were those of Dymondtz), who, in 1939, made a series of
three balloon flights near Edinburgh using triple co-
incidence counter telescopes. The soft component of
cosmic radiation was excluded by two similar lead blocks,
symmetrically interposed between counters, which gave a
total of 10 cm, of sbsorber to be penetrated. The
counts were transmitted by radio and recorded on the
ground, The results of three flights indicated that
the verticel intensity rose to a maximum at a preséure
of about 100 mb., and decreased beyond this point, The
maximum intensity occurred at the same pressure as the
peak of the Pfotzer curve for the total vertical radia-
tion, and in this region the coincidence rsate had in-
creased to approximately 9 times the ground level value,
Owing to the weight of absorber reguired, it had been

hnecessary to use smell counters giving a ground counting



rate of 0.4 coincidences per minute, The statistical
fluctuations during a flight were therefore large, and
the observations were not considered to be complete when
the work had to be broken off at the outbrezk of war,

In 1940, Ehmert(j) presented the results of
two flights conducted at Friedrichshafen, latitude 49° N,
during the previous year. Again three counters in co-
incidence were used, the lead absorber, distributed as
before, being 9 cm, thick, After = continuous rise
irom ground level, the intensity was found to level off
at about 130 mb,, and to remein fairly constant between
this pressure and 30 mb., with a barely significant in-
dication of a maximum around 80 mb, The intensity in
this range is given as 12,2 times the ground rate,

After a preliminary report in 1939 giving the
results of the first flight which reached 90 mb,, Schein,

Jesse and Wollan(4’ 3)

, in 1940, published the data ob-
tained in two ascents made at Chicago, geomagnetic lati-
tude 52,5 N, In order to investigate the possible pro-
duction of penetrating particles by non-ionizing radia-
tion a complex counter arrangement was used, but the in-
tensity of the hard component was effectively measured

by & triple coincidence telescope shielded by 8 cm., of

lead. The counts were recorded photographically, this

system necessitating recovery of the balloon~borne



apparatus. The results again showed a continuous rise
in intensity in the lower part of the atmosphere, but a
point of relatively low statistical weight indicated a
maximum around the 90 mb, pressure level, with a rapid
decrease at lower pressures, The pesk intensity was
about 11 times the ground rate,

Finally, in 1941, the Chicago groupts) pre-
sented fhe consolidated results of an extensive series
of flights at latitude 51N, in which difierent arrange-
ments of counters in three-, four-, anda five-fold co-
incidence vere used, and the thickness of lead asbsorber
was varied from 4 to 18 cm. The minimum pressure at=-
tained was 27 mb,, and up to this level the intensity of
the hard component was found to increase continuously,
the coincidence rates being sufficiently independent of
the absorber thickness for the data from all flights to
be represented by a single curve, Contrary to all pre-
vious results there was no indication of & maximum at
pressures grester than 27 mb. The intensity at maximum
altitude is given(?) as 16 times that at ground level.

In the present experiments it was intended to
meke use of the more advenced technigues developed by
1947 to investigate the obvious discrepancies in these

previous results. It wgs particularly necessary to

Iclarify the situation with regard to the possible



existence of a maximum at high altitude, since this has
an important bearing on the production of penetrating
secondary particles by the primary beam, At the same
time it was desired to obtain information of greater
statistical accurzscy than that of the previous results,
and with the improved types of rubber balloons available,
to extend the observations at the important low pressure
end beyond the existing limit of 27 mb.,

To reach the necessary altitudes with the
rubber balloons employed, it was essentisl to keep the
balloon-borne apperctus light, Since a considerable
fraction of the load was concentrated in the lead absor-
bers, which could not ssfely be reduced in thickness be=-
low 8 cm,, a strict upper limit was placed on the dimen-
sions of the counters which could be used, with a result-
ing restriction on the coincidence rate of the telescope.
The statistical fluctuetions to be expected in a single
flight were therefore large, and the required accuracy
of information could only be obtained by the consolida=-
tion of the results of a series of flights made with id-

'entical equipments, ¥hile this method of approach en-
tails the expenditure of a lerge amount of time and la-

' bour on the construction of many similar pieces of app-
aratus it has the possible advantage of revealing any
;large dey to day varistions in intensity, Consolidation

of the results of the separate flights is of course
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contingent on sgreement between the various sets of data
being within the expected experimentel errors,

Owing to the geographicel location of Edin-
burgh, and the prevalence there of westerly winds, the
use of any method of recording cosmic ray data which
necessitated recovery of the balloon-borne eguipment
vwas impracticable, AlX essential informstion had there-
fore to be transmitted by radio and recorded st a ground
station during the progress of =z flight,

The system employed for the transmission of
aata in the 1939 series of flights at Edinburgh(z) had
not been entirely satisfactory, end in the present ser-
ies a daifferent site for the ground station was used.

It was therefore considered advisable, after deciding
on the most suitable method of redio communication, to
check the efficiency of the transmission system by means
of a series of Test Flights, Simplified versions of
the transmitter were released on three occasions during
the development of the final eguipment, These test
eguipments contained no counters, but the cosmic ray
signals were electronically simulated, and useful in-
formation was collected on many of the difficulties to
be overcome, The Test Flights are not seperately des-

cribed, but many references to them are made in the text,



By March 1950 eight flights with identical
eguipments containing verticel triple coincidence coun-
ter telescopes of the type shown in Figure 29(a) had
been completed, data having been obtained in seven of
themn., The results were consistent with one another to
within experimentel errors, and the improvement with
each successive flight in the statistical accuracy of
the consolidated data was by this time becoming small,
Reliable measurements had been obtained right up to the
3.6 mb, pressure level, so this series of flights,
which will be referred to as Fl-F8, was regarded as com=-
plete.

In designing the balloon-borne apparatus for
flights F1-F8 the policy had been to obtain meximum re-
liability and to expedite construction by simplifying
the electrical circuitry as far as possible, Accord=-
ingly, only a single rzdio channel was provided for the
transmission of cosmic ray signals, and no attempt was
made to observe more than one type of cosmic ray event
in a single flight, The development and construction
of the transmitting and receiving equipment are descri-
bed in Chapters 2 and 3,

On completion of the first series of eight
flights the same policy was continued, and in nine other
ascents a radio system of basically the same design was

used in conjunction with other types of counter tele-
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scopes. The modifications reqguired for transmission of
coincidences of greater multiplicity, or to cater for
different counting rates, are mentioned in the approp-
riate sections of the following Chapter,

The next series of ascents, after flights Fl-
F8, wes not directly connected with the vertical inten-
sity measurements. The object was to detect showers of
penetrating secondary particles produced by ionizing
primaries in a lead block mounted in the telescope. A
five-fold coincidence telescope, the geometry of which is
given in Figure 29(b), was designed to select the de-
sired events, which would most probably be penetrating
shovers occurring in the top lead block. Coincidences
were obteined at high altitudes, but the counting rate
vas low, and three flights F9-Fll, were required before
reaconable statistical accuracy was obtained,

In a third series of flights, Fl2-Fle, the
telescope was designed to assess the correction which
should be spplied to the results of flights Fl-F8 in
order to eliminate the effect on the verticel counting
rate of coincidences caused by shower particles coming
in from the side and discharging all taree counters
simulteneously. Where this precaution was previously
observed by other workers, the influence of these laterzl
' Showers wes found to be hegligible, but the differences

in the counter telescopes employed made it sdviseble to



check this result in the present case, Accordingly,
equipments were constructed with counters suitably dis-
posed in four-fold coincidence, as shown in Figure 29(c),
for the detection of side showers. Apert from the
addition of two parallel-connected police counters, and
the necessary extensions to the associated circuitry,
these equipments were identical to those used in flights
F1-F8, Contrary to previous findings, s significant
counting rate was obtained in the first two ascents with
this type of telescope, and the form of the counting
rate-pressure curve was sufficiently interesting to
warrant a further three flights being made in an attempt
to obtain observations at pressures lower than 10 mb,
This particular object was not achieved, however, as the
minimum etmospheric prescures attained in these extra
flights were 16 mb, in both ¥l4 and Fl5, and 14 mb, in
F¥lo, The range of observations was not extended, but
the results of the first two flights were well confirmed
' and the statistical accuracy of the experimental data
uas considerably improved.
Lastly a single flight, F17, was made with the
same type of vertical triple coincidence telescope as
used in Fl-F8, except that no lead was included, in
order to measure the altitude variation of the total

‘vertical intensity of cosmic raciation, The observations
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were consistent with the recults obtained by other wor-
kers, end this measurement was not repeated.

These seventeen flights were released during
the last three years, operations being largely confined
to the occasionsl anticyclonic periods during the summer
months, Delays due to unfavourable weather were numer—
ous, but, except in the summer of 1951, suiteble wind
conditions occurred with sufficient regulerity for the
rate of release to keep pace with the rate of production
of the transmitters,

In all eases take-off was timed for half-an-
hour after sunrise, since it is around this time tnat
the wind conditions in the lower atmosphere are most
calm, and electrical interference from passing motor
vehicles is at a minimum, It was necessary to wait
till after sunrise because the transmitting apparatus
wes maintained at a Tfairly constant temperature by the

usual method of enclosing it in a doubled-walled cello-

phane gondola,

By attaching to the balloon rigging a postcard
offering a suiteble reward to the finder 75 per cent of
the transmitters were recovered, In no case was the
landing point more than 80 miles distant from Edinburgh,
So all results may be considered as having been obtained

at geomagnetic latitude 59 N,
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CHAPTER 2.

THE TRANSMITTING EQUIPMENT.

(i) Transmission requirements,

During a flight, it was necessary that the
radio signals transmitted to the ground station by the
balloon-borne equipment should denote, firstly, the
occurrence of each cosmic ray event of the type under
observation, and, secondly, the atmospheric pressure
level attained by the transmitter at any given time.

In addition, it was considered to be advisable during
the initial flights, to monitor the thermal conditions
inside the transmitter, so a signal controlled by
temperature was also required. It was therefore
necessary to employ a system of transmission in which
these three independent sets of data could be trans-
mitted on a single carrier frequency.

The problem of devising a suitable modulation
system was simplified by the fact that it was not
'necessary to transmit pressure and temperature signals
simultaneously. Flight records of sufficient accuracy
would be obtained if each of these variables could be
measured at short time intervals, It was essential,
hovwever, in order to derive the maximum amount of data
from each flight, that the cosmic ray channel should be

continuously operative, and that the transmission of



coincidence pulses should be unaffected by the simul-
taneous transmission of pressure or temperature in-
formation.

The transmitter was necessarily of low-power,
and therefore all the signals had to be readable at
poor signal to noise ratio, Under these conditions, re-
ceiver tuning at the ground station would be facilitated
and communication most easily maintained, if the carrier
frequency were constantly being transmitted. For re-
liable observations to be obtained at low signal strength,
particularly in the identification of coincidence pulses,
the greatest possible immunity from all forms of elec-
trical interference was required,

The highest accuracy was desired in the
measurement of atmospheric pressure, especially at great
altitudes. This, coupled with the most important con-
sideration, that of reliability in action, made it
necessary that the operation of the transmitting equip-

ment should be as independent as possible of all factors

such as battery voltages likely to vary during a flight,
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(ii) Meesurement of pressure and temperature.

Chiefly as a result of the availability of
components, it was decided to adopt the system of pres-
sure and temperature measurement developed for the
standard British meteorological instrument, the Kew
radio sonde, This type of radio sonde, which has been
fully described by Dymond‘a), is in large scale use at
meteorological stations for the determination of upper
atmospheric conditions, Carried to great altitudes by
a free balloon, it transmits to the ground station a
cyclical sequence of signals corresponding to the pres-
sure, temperature and humidity of the atmosphere, The
signals consist of three audio frequency (700-1,000c./s.)
modulations, superimposed in turn on a 28 Mc./s. carrier,

The audio frequencies are controlled by pre-calibrated

O 85V

- I8 0 OV,

O+2:4 V.

Figure |. Kew radio sonde circult diagram.

(tor component values see Figure 26)
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veriable inductors, L1, L2, L3, (see Figure 1) the
operation of which is described later. Each inductor
is connected in turn across the condenser Cl by the
switch S1, to form the tank circuit of the audio
oscillator V1, the switch being operated during a flight
by the rotation of a wind mill in the vertical slip-
stream,

The valve V2 forms a buffer stage. It pro-
vides some amplification of the audio signal, but its
main function is to isolate the R.F. and A.F. oscillators
in order to maintain the stability of the latter,

The radio transmitter V3 generates the 28 Mc./s.
carrier, It is grid-modulated to a depth of 100 per
cent by the output of V2. The aerial is an end-fed
half-wave dipole, and the serial current, with selected
valves and the normal H.T. of 85 volts, is of the order
of 20 ma,, corresponding to a radiated power of 28 milli-
watts, By increasing the H.T. to 120 volts in the pre-
sent series of flights, an aerial current of about 35
ma,, or a radiated power of 86 milliwatts was obtained,
With the serial systems and carrier frequency in use,
this power was found to be sufficient to meintain com-
munication over an estimated distance of up to 100 miles,
when the transmitter was at high altitudes. Although
this figure rather severely restricted the number of

days on which the wind conditions were suitable for a



=l5=

flight, the range of air to ground communication does
not vary rapidly with the radiated power, and the im-
provement to be expected from the adoption of a more
powerful transmitter was not considered likely to off-
set the increase in battery consumption,

Measurement of pressure,

The principle of operation of the variable
inductors in the A.F. oscillator circuit is illustrated
in the case of pressure in Figure 2. The inductor is

wound on a core of six U-shaped mumetal laminations,

/
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Figure 2, Pressure element (schematic).

- Aneroid capsule.
- Loving armature.
= Ilumetal laminations.
-~ Inductance windings.
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whose ends are turned up to form flat pole pieces, The
flux linkage, and therefore the inductance of the wind-
ings, vary according to the position of a moving arma-
ture consisting of a single mumetal stamping. In the
pressure unit the armature is rigidly attached to an
aneroid capsule so that a decrease in atmospheric pres-

sure, causing the capsule to expand, narrows the air gap
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between the armature and the pole pieces, and increases
the inductance of the unit, This reduces the frequency
of the audio oscillator. Movement of the armature by
the amount to be expected during a high altitude flight
causes the audio frequency to vary over a range of just
over 200 c./s.

In the standard Kew radio sonde pressure unit,
the aneroid capsule is made of steel, When the element
is in normal adjustment, it has a sensitivity varying
from 1 c¢./s. frequency change for 8 mb. change in pres-
sure at ground level, to 1 c¢./s. per 3.5 mb, at high
altitudes. In order to increase the sensitivity at
low pressures, the single steel aneroid capsules were
replaced by double capsules (supplied by Messrs, Kelvin,
Bottomley and Baird) made of Phosphor bronze, These
consist of a main capsule of slightly lower sensitivity

than the normal steel component, in series with an

1000
//z-"'l-
. /’.’-j ‘‘‘‘‘
0 /:..--""'
"a [sle]e} /"‘..-—‘
> o
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= -
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Pressure (millibars).

Figure 3. PJ_:'essure calibration curves with phosphor-bronze
double aneroid capsule (full line), and standard single steel
capsule (dotted line).
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auxiliary capsule which remains collapsed until the
external pressure has dropped to about 200 mb., The
auxiliary capsule then begins to open, and at lower
pressures the position of the armature is controlled by
the expansion of both capsules. As a result, the pres—
sure sensitivity at very low pressures is increased to
about 1 ¢,/s. per 1,2 mb, variation in pressure, From
Figure 3,-which shows typical calibration curves with a
double and a single capsule, it will be seen that the
point of opening of the auxiliary capsule is denoted by
a marked discontinuity,

The double cepsules were accommodated inside

the standard pressure unit, by providing adaptors to

Figure 4. Pressure element.

anchor the fixed side of the capsules to the frame,

while the moving side was pinned to the armature
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connection sufficiently tightly to avoid any backlash.
Figure 4 shows the complete pressure unit,

Temperature coefiicient of the pressure unit.

The Kew radio sonde pressure unit is sensitive
to change in temperature, the following being the most
important contributing factors:

(a) Variation in the elastic constants of the aneroid
capsules.-

(b) Change in the resistance of the inductor windings.
(c) Variation in hysteresis and eddy currents in the
mumetal, and change in permeability.

The cumulative effect is of sufficient magni-
tude to make it necessary to correct for temperature
most of the pressure readings taken during a flight.

To enable this to be done, each pressure calibration
was repeated at different temperatures, and correction
curves were compiled, It was first established that
for a given pressure the variation of frequency with
temperature was practically linear, and thereafter each
pressure unit was calibrated at +55°C., +15°C. and at
-25°%a, The +15°C. calibration was then taken as the
master curve, and the other data were used to calculate
‘the corrections for a 40°C. rise or fall in temperature.
ia typical example of the correction curves so obtained
is shown in Figure 5, in which the correction to be

applied to the observed frequency is plotted against the
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’ 0 ;
observed frequency. A rise of 40°C. causes an increase

in transmitted frequency of about 1 c¢./s. between

+4
w2 GE‘\
+2 \

| _-25°C

L~
\

T ———— i550C

Frequency correction (c/s).
o

7

700 Boo 900 I000
Observed freguency (c/s).

Figure 5. Temperature correction curves for pressure element.

960 c./s. and 900 c./s. for this particular unit. The
frequency correction is therefore negative in this region,
but decreases in magnitude with decreasing frequency,
and becomes positive at about 850 c¢./s. It reaches a
maximum positive value of about 4 c¢./s, at the lowest
frequency obtained. This indicates that 4 c./s. will
heve to be added to a transmitted frequency of about
740 c./s. if the temperature is +55°C., and proportion-
ally less at temperatures between +15°C. and +55°¢,
The effect of a drop of 40°C. is exactly similar, but of
opposite sign,

The frequency correction at low pressures for a
éiven change in temperature, is similar in magnitude to

that for the standard pressure unit with the single steel
|



capsule (see reference 8), but the greater sensitivity
of the double capsule considerably reduces the corres-
ponding pressure correction. The form of the correc-
tion curves is unusual. By comparison of Figures 5
and 3 (full line), which refer to the same pressure unit,
it is apparent that a correlation exists between the
opening of the auxiliary capsule at a frequency of about
850 c./s., and the rapid variation of the temperature
correction in the same region. The effect of an in-
crease in temperature on the elastic constants of the
auxiliary cepsule must be such as to cause expansion to
commence at a slightly greater pressure.

In all flights the internal temperature of
the transmitter when at high altitudes was greater than
+15°c., and in most cases the maximum temperature co-
incided roughly with the attainment of maximum height.
This had the unfortunate result that the temperature
correction was largest at the times when the greatest
pressure accuracy was required, A normal maximum tem-
:perature in the region of +35°C. necessitates a frequency
correction of asbout 2 c¢./s. which is equivalent to a
‘pressure correction of approximately 2 mb. At minimum
pressures of the order of 10 mb., this correction becomes
Eimportant, and for this reason it was not possible to
discontinue temperature measurement, with the resultant

simplification of the transmitter, even after the



temperature variations during a flight could be fairly
accurately foreeast,

Accuracy of pressure measurement,

The accuracy of pressure measurement of the
Kew radio sonde is of the order of *5 mb, due to casual
errors, and *2 mb, due to systematic errors, These
figures were established(B) by comparison of transmitted
pressure data with the altitude of the transmitter ob-
tained directly from radar information, but they are
only applicable to radio sondes in routine meteorologi-
cal use, Although it has been impossible to make a
direct determination of the errors in pressure measure-
ment during the present series of flights, a reliable
estimate can be formed from the figures quoted for the
standard instrument,

The casual error of up to 5 mb., is due almost

entirely to the application of a rather arbitrary tem-

perature correction, a standard set of correction curves
being used for all instruments, In meteorological
flights the pressure unit is usually subject to tempera-
ture-variations of about 7500., which, with the steel
cepsule, may lead to pressure corrections of up to 35 mb,
at high sltitudes, When the range of variation of tem-
perature is reduced to about 3000., as in the present
ﬁase, the maximum pressure correction when using the

double capsule drops to just over 2 mb, This very



=D

considerable reduction in the corrections to be applied
must greatly decrease the possible margin of error. In
addition, the production of individual correction curves
for each pressure unit, coupled with an exact knowledge
of the temperature conditions during a flight, increases
the relative accuracy of each correction. It is pro-
bable that casual errors in pressure measurement in the
present series of flights have not amounted to more than
a small fraction of a millibar at any pressure,

The systematic errors are partly due to the
application of large control corrections, This is the
correction required to adjust the transmitted pressure
frequency to the calibration frequency at ground level
immediately prior to a flight, That it is necessary,
is due to several causes, the most important being:

(a) The use of different battery voltages during cali-
bration and flight,

(b) Secular changes in the pressure sensitive element,
including deformation due to mechanical shock.

The efiect of the former is minimised in the
design of the radio sonde, and an unavoidable variation
of about 0.5.volts in the initial battery voltages
causes less than 0.2 c./s. frequency change. The im-
;portance of the latter depends meinly on the time lag
?etween calibration and flight, which, in the present

case was much shorter than in meteorological practice,
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puring this interval the equipments were subject to a
minimum of handling,

An important source of systematic error in-
cluded in the figure of 2 mb,, but which is not applic-
able here, is the use of different frequency standards
during calibration and flight. In the present series
the same standard audio oscillator was used each time,
and its frequency stability was under continuous obser-
vation.

The control correction was applied as a con-
stant correction to all transmitted pressure frequencies,
a procedure which can only be Jjustified if the frequency

error is known to be independent of pressure. Experi-

ment showed that this was only aspproximately true, and
that under certain conditions the control correction re-

quired at low pressures could be as much as twice that

necessary at ground level pressure, The averesge value
of the control correction in this series of flights was
about 0.5 c¢./s., and in no case was it over 1,7 c¢./s.
(compared with the maximum accepted meteorological value
of 5 c./s.) so the greatest error introduced at low
pressures by the application of a constant control
correction is unlikely to have been more than 0.5 mb.
Any further systematic error due to differen-
Fial thermal lags between temperature and pressure units,

or between different parts of the pressure unit, is
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grestly reduced by the relative constancy of the tem-
perature inside the transmitter. The errors due to a
normal variation of battery voltages during a flight,
and those caused by changes in the frequency calibra-
tion of the standard oscillator are likely to have been
small,

From these considerations, it is estimated
that the measurement of pressure during this series of
flights has involved an error of not more than* 1l mh,
in the most important range below about 150 mb.,, and not
more than ¥2 mb, at greater pressures, Evidence in
support of this estimate lies mainly in the consistency
of the experimental results, but an excellent check on
the calibration stability was obtained on two occasions
when transmitters were recovered undamaged after flights,
In neither case had the calibration significantly
changed.

Measurement of temperature,

The Kew radio sonde temperature unit is

'similar in design to the pressure unit, and works on the

same principle, A bimetal strip,substituted for the

aneroid capsule, is arranged to curl up with increasing

temperature, thereby increasing the air gap between the

‘inductor and moving armature, and raising the audio

Ifrequency. A typical temperature calibration curve is
'shown in Figure 6. The sensitivity, fairly linear over
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the range-+60°c. to -40°c., is of the order of 1.7 c./s.
per 8, To allow of sufficiently accurate correction

of the pressure frequency, it is necessary to know the

1000

/f””’—.
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> 800 =

Freyuency (c/s)

T00
=40 =20 0 20 40 60
Temperature (°C).

Figure 6. Temperature element calibration curve.

internal temperature of the transmitter with an accuracy
of +2°%. This accuracy is available with careful use of
the standard temperature element, Again the control
correction required for a particular unit was measured

a few minutes before release, and.applied as a constant
correction to all temperature frequency readings during
the flight,

Calibration procedure,

A tank of the standard Meteorological Office
pattern was obtained for calibration of both pressure
and temperature units, This consists essentially of a
large double-walled cylindrical container, the inner

Ichamber being surrounded by a bath of trichlorethylene
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which méy be heated by means of an electric element, or
cooled by the addition of solid carbon dioxide, The
meteorological elements are calibrated in the inner
chamber, which can be evacuated to minimum pressures of
the order of 5 mm. Hg. Operation of a fan inside the
tank, and circulation of the trichlorethylene by means
of an impeller minimise temperature gradients in the
enclosed volume, During calibrations, the meteorologi-
cal units inside the tank are connected by fly-leads to
the remainder of the transmitting equipment standing
outside, The longer connections required were found to
cause no sppreciable alteration in the sudio frequencies,
For calibration of a pressure unit, a mercury

in glass manometer of reading accuracy better than 0.2
mm, was connected to the tank, All possible precautions
were taken to have the transmitter working under flight
conditions, and the stability of the standard oscillator
was checked, The calibration chamber was then evacuated
in stages, at a temperature of +15°C., and simultaneous
readings of pressure and transmitted frequency were
taken, Since the tank was not completely vacuum tight
it was necessary to control the rate of pumping by means
of a needle valve, so that the internal pressure could

be stabilized before a measurement was made, Each

Pressure calibration was repeated at +55°C. and -2500.,

& procedure which, in addition to providing the data for
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the temperature correction curves, checked the stab-
ility of the redio sonde oscillator over a period com-
parable with the duration of a flight. Any drift in
transmitted frequency due to falling battery voltages
became apparent as a lack of symmetry in the correction
curves, Two corrections were reguired to reduce the
manometer readings to absolute pressure values, The
first took into account the temperature coefficient of
the manometer, while the second, a constant correction
of 0.4 mm., Hg., was required to remove a small zero
error, and to bring the manometer readings at ground
level pressure into agreement with the corresponding
standard barometric heights,

Calibration of a temperature unit was exten-
ded over a much wider range (+65°C. to -40°C.) than was
to be expected during a flight. An interval of some
| 15 minutes was required before each reading of tempera-
ture and transmitted frequency was taken, to allow the
unit to reach thermal equilibrium, All temperature
measurements were made by means of a calibrated thermo-
| couple and microammeter, One Jjunction was positioned
close to the element under calibration, while the other
was immersed in melting ice,

Modifications to the Kew radio sonde,

Several alterations to the standard Kew radio

- sonde circuit (Figure 1) were found to be necessary.
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These are enumerated below, and the modified circuit is
given in Figure 26,

(1) The use of a wind mill rotating in the slipstream

to turn the switch S1 is not satisfactory at atmospheric
pressures below about 50 mb.,, and it was therefore nec-
essary to employ a small d.c. electric motor for this
purpose, The motors used were "Electrotors" model 240,
made by REV Motors Ltd. Although designed for use on
4,5 volts, they give a satisfactory performance on 2,4

volts, and rotate at some 3,500 r.p.m. The current

Figure 7. ©Switch and motor unit.

consumption is then Jjust under 200 ma. Two 60:1 worm
:drivss between motor and switch gave a switching speed
of approximately 1 cycle per minute, The torque avail-
‘able from the motor at 2.4 volts is very small, so care-
ful alignmént of the gearing was required, and friction

in the first bearing had to be reduced to a minimum,

fThe switch and motor unit is illustrated in Figure 7.



(2) The radio sonde switch provides for the transmission
of a humidity signal., Since this was not required, two
switch positions were connected in parallel for the trens-
mission of "pressure", leaving the third position for
"temperature",

(3) In order to obtain the greatest possible sensitivity
in the transmission of cosmic ray signals, the percentage
modulation of the carrier at the audio frequencies was
reduced from the normasl 100 per cent to about 30 per
cent, With a Hartley R.F. oscillator grid-modulated in
the manner shown, it is not possible to obtain a modula-
tion depth between 30 and 100 per cent, There is, how=-
ever, a position of instability in which the depth fluc-
tuates rapidly between these two limits. The reduction
in modulation depth was accomplished by potentiometering
down the audio input to V2 by means of resistors R7 and
R3 (see Figure 26). RT7 was empirically chosen for each
equipment, so that the modulation depth was as great as
possible without causing instability. Since the per-
centage modulation increases slightly with increasing
audio frequency, this was done on the gfound level pres-
sure signal, the highest audio freguency to be trans-
mitted during a flight,

:(4) It was found during the first two Test Flights that
& tendency existed for spurious pulses, closely resem-

'bling cosmic ray pulses, to be trensmitted at either the
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make or the break of any of the switch contacts. This
was mainly due to the grid of V1 being left disconnected
at certain points of rotation of the switch. The mode
of operation of the switch can be understood from Figure
8, Three sets of contacts, of which one set is shown
in Figure 8(a), are arranged round a central pawl as
indicated in Figure 8(b), the pawl being rotated by the
motor, The pawl is shaped to allow only one set of
contacts to be closed at any one time, and therefore to

connect in circuit only one varisble inductor. For a

vl
(2) ‘ -

Figure 8. Eew radio sonde switch construction.

period between the opening of one set of contacts and
Ithe closing of the next, the grid of V1 is left floating.
By filing-away part of the pawl as shown by the dotted
line in Figure 8(b), it is possible to arrange that be-
Ifore one set of contacts opens the next set has already

closed, the grid of V1 then being continuously connected

| .
Ito ground via the inductors. For the third Test Flight
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the switch was treated in this manner, and the spurious
pulses were eliminated, A switching cycle of 60 seconds
then consisted of roughly 35 seconds of pressure fre-
quency and 15 seconds of temperature frequency, separated
by two 5 second periods of higher "change-over" fre-
quencies due to the two inductors being connected in

parallel,
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(iii) Transmission of cosmic ray signals.

The use of a single carrier frequency, and the
Kew radio sonde system of telemetering pressure and tem-
perature data, restricted the choice ofzmethods of trans-
mitting cosmic ray signals, It was necessary to super-
impose the coincidence pulses on the continuous 28 Mc./s.
carrier which already bore a variable frequency audio
modulation.,” Only one type of cosmic ray event was to be
observed in each flight, so the simplest system of trans-
mission was to use the coincidence pulses to modulate the
carrier to a depth of 100 per cent, each coincidence
being denoted by a quiescent period of pre-determined
duration.

Owing to the location of the ground station
considerable difficulty was to be expected in combating
local electrical interference, One great advantage of
quenching the carrier lies in the fact that whereas a
cosmic ray event is denoted by a sudden decrease in
carrier level, an interfering signal generslly corres-
ponds to en increase in signal strength, and therefore
the two can be distinguished by suitable electronic cir-
cuitry. At 28 Mc./s. the most troublesome form of inter-
ference comes from the ignition systems of passing
vehicles, and consists of a succession of very short

duration electrical impulses, The coincidence signals

cen be made long compared with these interfering pulses,
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which can then be filtered out. This lengthening of
the transmitted pulses also increases the intrinsic
sensitivity of the system, and mekes possible the direct
operation of a mechanical recorder to provide a perma-
nent flight record of the cosmic ray data.

It was necessary to test the efficiency of
this system under operating conditions, which was one of
the main reéasons for carrying out the Test Flights. In
all three Test Flights the counter pulses were simulated

by means of the simple circuit of Figure 9, The Q.25 pF

10N ;
O.IpF
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0.23 _L
BB
4TK

Pigure 9. Test Flight coincidence simulator.

+120v,

condenser charging through the 10M resistor and discharg-
ing through the neon tube, produced a succession of nega-

tive pulses at approximately 10 second intervals, These

pulses fed through the 0.1 pF condenser, and potentio-
metered down, before being passed to the grid of the
radio sonde transmitter valve, were of sufficient ampli-

tude and suitable duration to quench the carrier for about
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20 milliseconds,

The Test Flights showed that this system of
transmission would be satisfactory, provided the depth
of audio modulation on the carrier were reduced to about
30 per cent., With the ground equipment designed to de-
tect the cosmic ray signals, it was found that the sensi-
tivity increased with pulse length up to a duration of
30 milliseconds, but that the improvement was not rapid
beyond this figure. The quiescent periods of the car-
rier represent a loss in effective counting time and
necessitate a correction to the observed coincidence
rates, On this score no unnecessary lengthening of the
pulses was desirable, so the pulse circuitiry associated
with the counters in the complete equipments was des-
igned to quench the carrier for 30 milliseconds at each
coincidence, The pulse circuitry is described in Sec-

tion (vi) of this Chapter,
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(iv) Geiger-Mueller counters.

Since a large number of Geiger-Mueller counters
was required for an extensive series of flights, it was
necessary to use a commercial product, The most suit-
able counters available were of the type G.M.4 made by
Cinema Television Ltd.,, and these have been used through-
out, The construction is illustrated in Figure 10.

The cathode, 11.5 cm. in length, is formed of thin sheet
copper sprung into a cylindrical glass envelope of ex=-
ternal diameter 2,1+ 0.1 cm, The anode, a Q.13 mm,
diameter tungsten wire, is surrounded at each end by a
glass capillary projecting a short distance into the
cathode cylinder. One end of the wire is taken to the
external anode connection, while the other is sealed in-
side the glass envelope to prevent electrical leakage to

the adjacent cathode connection, These counters are

Figure I0. Cinemz Television Counter Type G.L.4.

very light, the average weight being 33 gm. The density
of the glass envelope in the region of the cathode, lies,

in the majority of cases, between 0,22 and 0,28 gm./cmg.,
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while the cathode density is fairly constant at 0.08

gm./cmz.
Counter filling.,

The initial batch of counters obtained from the
manufacturers contained a normal argon-ethyl alcohol
filling. In no case was the plateau length greater
than 200 volts, and the plateau slope was generally about
0.1l per cent per volt, The threshold voltages varied
from 1,160 to 1,220 volts, this variation further re-
ducing the effective plateau length of a set of counters
for use in coincidence,

It was necessary to improve on this perfor-
mance, Refilling the counters with argon-alcohol mix-
tures, gave, in most cases, plateaux 200-250 volts long
at slopes of 0.04-0.06 per cent per volt, The thresh-
old voltages could be equalized by filling the counters
in batches, Extensive experiments designed to discover
the optimum argon and alcohol pressures, ana to remove
impurities from the filling, produced no further improve-
ment in plateau characteristics.,

The argon-alcohol counter suffers from the
disadvantage that it cannot be used at low temperatures.
Normal alcohol filling pressures in the region of 1.5 cm,
_Hg. correspond to the saturation vapour pressure of ethyl
alcohol at about +3°C. On cooling the counter below

this temperature the alcohol begins to condense, the



=357=

threshold voltage falls, and the plateau shortens,

With a G.M.4 counter containing the optimum argon-alcohol
filling, this effect became noticesble at+5 C, and at
temperatures below 0°C the counter went into spontaneous
discharge immediztely the operating voltage was raised
above the threshold value, During the Test Flights the
internal temperature of the radio sonde at all times re-
mained well above+5 C, but it was considered adavisable
to substitute for the ethyl alcohol another guenching
agent with a saturation vepour pressure greater than the
optimum filling pressure down to a much lower tempera-
ture,

Ethylene, being suitable from this point of
view, was tried, The commercial ethylene was purified
by pumping it slowly through two vapour traps. The
first, surrounded by solid carbon dioxide, removed any
water vapour, while the second, immersed in liguid oxy-
gen, condensed the ethylene and allowed other possible
impurities such as hydrogen and oxygen to pass on to the
pump. On completion of pumping and removal of the liquid
oxygen, the condensed ethylene was allowed to eveaporate
into & flask which could then be attached to the counter
filling line,

Cn testing a batch of counters with an argon-
ethylene filling, it became apparent that the plateau

characteristics with the new quenching agent were
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greatly improved. An investigation of the performance
at different filling pressures showed that plateaux ex-
tending for over 400 volts could readily be obtained.
The argon pressure could be varied over the range 6-10
cm, Hg without greatly affecting the plateau length or
slope, the threshold voltage rising slowly with increas-
ing pressure, The ethylene pressure was more critical,
the threshold voltage and plateau length increasing as

the pressure was increased up to 1,5 cm, Hg. Beyond
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Figure II. Counter Plateaux with an Argon-Ethylene fillinz
(full line), and with the optimum Argon-Ethyl alcohol
filling (dotted line).

this pressure the threshold voltage continued to rise
rapidly, but with no compensating increase in plateau

length, The optimum filling for a G.M.4 counter was

found to be:

Argon pressure = 7.1 cm. Hg (83%)

Ethylene pressure = 1.5 cm. Hg (17%)
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With this filling the threshold is at 1,060-
1,080 volts, end the platesu slope, about 0.02 per cent
per volt on filling, rises to not more than 0.04 per cent
per volt after considerable use, The counter performance
was found to be practically independent of temperature
variation in the range +60°C to -6000, no change in
slope being detected, and the threshold remaining con-
stant to within 5 volts, Figure 11 shows a typical
plateau with an argon-ethylene filliing, together with
the plateau taeken for the same G.M.4 counter with the
optimum argon-alcohol filling,

It was now possible to reject all counters
whose plateaux did not extend from 1,100 to at least
1,500 volts, The performaence of many counters which
initially failed to pass this test, could be improved
by heating them in air until the cathode surfaces were
slightly oxidised, and eventually, since no adverse
effect on the characteristics was ever observed, all the
counters were treated in this manner. The proportion
of counters meeting the 400 volt plateau requirement, and
therefore suitable for use in the transmitting equipments,
was about 80 per cent,

ghotosensitivitx.

The G.M.4 counter cathodes are markedly photo-
sensitive, The background counting rate in normal day-

light may be several times greater than the rate with the
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counters blacked out, This effect was reduced but not
eliminated by the oxidation of the cathodes. All light
was therefore excluded from the counters in the balloon-
borne equipments either by fitting paper covers over the
ends or by painting the glass.

Counting life.

In many cases the performance of a counter
with an argon-ethylene filling deteriorated rapidly
after about 107 counts, the failure generally coinciding
with the appearance on the anode wire of a point source
of corona discharge. Polymerisation of the ethylene,
an essential feature of the quenching mechanism, is
greatly accelerated by this corona, and if a counter is
left discharging for a few minutes, complete destruction
of the plateau may result. The relatively short count-
ing life of the argon-ethylene counters was not a serious
disadvantage in the present work,since no long periods
of intensive counting occurred during the actual flights.,
It was necessary, however, as mentioned later, to limit
the amount of counting in the prelimimary determinations
of the resolving times of the pulse control circuits.

Counter efficiencx.

The efficiency of the counters is less than
unity owing to the finite possibility of a high-speed
particle passing through the active voliume of the counter

without giving rise to the formation of an ion pair.
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If the probeability that a single ion pair will initiate
a discharge is taken as unity, the efficiency E of a
counter may be expressed in the form,
8 =1 e—slp
where s is the specific ionization in the counter fill-
ing for high speed particles (the numbgr of primary ion
pairs per cm. of track at atmospheric pressure), p the
gas pressure expressed in atmospheres, and 1 the aver-
age path length of the particles through the counter,
The mean path length has been computed by
Smanntg) for some special cases; for a long cylindrical
counter it approximates closely to the geometrical in-
ternal diameter, For argon s = 29.4(10), but no corres-
ponding experimental value is available for ethylene,
Since the molecules of the two gases contain roughly the
same number of electrons (Argon 18, Ethylene 16), their
specific ionizations should be approximately equal, and
no great error will be introduced by attributing the
total filling pres-ure to argon., The percentage efiic-
iency of a G.M.4 counter with the optimum argon-ethylene
filling is then calculated to be 99,85,

This figure was verified experimentally by
counting penetrating cosmic ray particles with a vertical
‘telescope of three identical counters. Triple coinci-
Iden.ces, and double coincidences between the two outer

counters, were simultaneously recorded, In one experi-

ment 1,025 minutes counting gave 2,000 double and 1,976
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triple coincidences, which indicates an efficiency for
the central counter of 98,80%0.25 per cent, This is
somewhat lower than the theoretical value, but a correc-
tion for the effect of side showers remains to be taken
into account.

Double coincidences due to showers will be
more frequent thnan triple coincidences from the seame
cause, An approximate value for the triple shower rate
was obtained by moving one counter Jjust out of line with
the other two. In 2,130 minutes counting, 34 shower
coincidences were obtained, a rate of 0.96%f0,16 counts
per hour, It is impossible to determine the double
shower rate directly, however, and those indirect methods
which are described in the literature involve inordinat-
ely long periods of counting to achieve sufficient stat-
istical accuracy. With two counters placed in the same
horizontal plane at a separation similar to the spacing
in the vertical telescope, the coincidence rate gave
corrections of much too high a value, presumably due to
the effect of horizontally moving radiation. When the
counters were screened from this radiation by lead ab-
sorbers, coincidence rates of about 2,5%0.3 counts per
hour were obtained, giving a correction again more than
Sufficient to bring the experimental value for the effic-

iency into line with the theoretical figure.
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When counting double end triple coincidences as
above with a simple threefold telescope, Greisen and
Nereson(ll) have found that over 90 per cent of the
apparent inefficiency of the central counter is actually
due to the effect of showers, and, in general, refined
experiments have shown no great discrepancy between
theoretical and experimental efiiciencies., In these
circumstances the theoretical value of the efficiency of
the counters in use may Jjustifiably be regarded as
sufficiently reliable for present purposes, With an
efficiency of 99.85 per cent, the losses in a triple co-
incidence telescope are less than Q.5 per cent, so the
effect on the coincidence rate is negligible,

Counter recovery time.

The efficiency of the counters is also reduced
as a result of the finite recovery time following a dis-
charge. A particle passing through the counter during
this period may cause no new discharge, or if the counter
has partially recovered, the pulse produced will be
smaller than usual,

An E,M.I. Waveform Monitor type 3794B was
available for accurate determination of recovery times,
‘the following procedure being employed. A G,M. 4 coun-
ter, with associated circuitry identical to that used
during a flight, is stimulated by a radium source to a

fest rate of counting, The counter pulses are fed to
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the Waveform Monitor, the single sweep facility being
used. Each sweep of the time-base is then initiated by
a counter pulse, these synchronising pulses appearing as
a single stationary pulse at the start of the time-base.
If the time-base duration is longer than the recovery
period of the counter, and the counting rate is suffic-
iently high, in general at least one further counter
pulse will appear on each sweep, The amplitude of this
second pulse will depend on the state of the counter at
the instant of its production, Following each synchron-

izing pulse is a well defined "dead" period in which no

second pulse can be produced. After this comes the re-
covery stage during which pulses can be observed on the

Monitor screen, their amplitudes depending on the extent
of recovery of the counter, Since these second pulses

are produced at random intervals after the initiating

pulses, they appear on the screen graduated in amplitude

Figure 12. Counter recovery time.
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along the time base, Figure 12 is a long exposure
photograph of the Monitor screen. Since the synchron-
izing pulse occurs in the same position on every sweep
of the time-base, it appears on the photograph as a
thick bright line, After a "dead" period of some 30
microseconds, the build-up of pulses occurring during
the recovery stage can be seen, the brightness being
greatly reduced since pulses in this interval appear
only as transients within the envelope, The time re-
gquired for complete recovery is about 90 microseconds,
a figure obtained from the calibrated X-shift control of
the monitor, This calibration was checked against the
output of a 50 ke¢/s, crystal controlled oscillator,

The effective recovery time will obviously de-
pend to some extent on the minimum pulse size required
to operate the circuitry associated with the counters,
and therefore, for a given circuitry, on the voltage
applied to the counters, The average counter potential
during a flight may be taken as 1,350 volts, while the
minimum potential for reliable transmission of data is
about 1,200 volts, The normal pulse at 1,200 volts
corresponds in amplitude to the pulse after a recovery
period of about 75 microseconds when operating at 1,350
volts. From counter to counter no great variation in
‘these figures has been observed, and in all cases the

effective recovery time lay within the limits 75%5 micro-
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seconds.

Effective counter length.

It was necessary to ascertain the effective di-
mensions of the G.M.4 counters, both in order to compute
the absolute intensity of cosmic radiation from the ob-
served counting rates, and in order to indicate the mini-
mum lead absorber dimensions necessary for complete
screening of the counter telescopes.

Several methods are available for determination
of the effective length of a cylindricel counter, but the
majority of them entail very long counting periods to
achieve reasonable accuracy. One expeditious method is

illustrated in the inset to Figure 13. A radium source,
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Figure 13. Effective counter length using Y-ray beam.

completely walled in by thick lead blocks apart from a
.slit some 20 cm. long and 1 mm. wide, produces a well
collimated beam of f;rays. The counter under test is

mounted on a travelling microscope carriage, and the
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variation in its counting rate is observed as it is tra-
versed lengthwise across the {;ray beam, A typical re-
sult is shown in Figure 13, which indicates an effective
length, in this case, of about 10 cm. The accuracy of
this experiment is limited by the finite width of the
slit, and by the impossibility of eliminating completely
the scattering of secondary electrons into the active
volume of the counter when the (-ray beam is directed
close to the ends of the cathode cylinder, The method
was found to be useful for the comparison of effective
lengths, but the absolute accuracy of measurement was
limited to about *2,5 mm,

A more exact determination of effective counter
length, with the added advantage of counting cosmic ray
particles, was obtained in the following manner, Three

identical counters, ABC, are set up in the form of a

(a) (v)

Figure 14, Counter arrangement for mezsurement
of effective lengths.

vertical telescope as shown in Figure 14(a), the ends of
the cathode cylinders being accurately lined up, and the
triple coincidence rate due to cosmic radiation is meas-
ured, Counter B is the counter under test, and the

' Shaded areas at the ends represent the inactive volumes
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of the counters, The two helves of counter B on either
side of the broken central line must contribute equally
to the coincidence rate, 1f, now, counter B is moved
to the position shown in Figure 14(b), only its left-
hand half is included in the solid angle of the tele-
scope, and, apart from second order effects such as the
east-west assymetry of cosmic radiation, the coincidence
rate must be halved. Conversely, if counter B is tra-
versed until the coincidence rate falls to half its
original value, then it must have been moved through
half its effective length, Since the counting rate re-
mains feirly high in this position and the approximate
half-length is known beforehand, it is possible to ob-

tain an accuracy of *1 mm, with 48 hours counting by

using this technique,

Figure 15 is a greph of the coincidence rate
against displacement of the centre counter as obtained

in one experiment, The counting rate with zero dis-

placement is 272%4 counts per hour. Since the important
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Figure 15. Effective counter length using cosmic ray particles.
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region of the curve is nearly linear, the displacement
required to reduce the coincidence rate to 1362 counts
per hour (indicated by the two short parallel lines), is
sufficiently well defined by plotting the four counting
rates shown, end in this case corresponds to an effec-
tive length of 1l0.2%*0.l1 cm,

The effective lengths of three counters were
measured by the second method, and the results extended
for several more using the (-ray technigue, From these
experiments it was concluded that in all cases the efiec-
tive length of the G.M.4 counters agreed to within 1 mm,
with the geometric distance between the inner ends of
the glass capillaries surrounding the anode wire, It
was found that this result was not significantly effec-
ted by variation of the counter voltage over a range of
100 volts in the centre of the platesau, The distance
between capillaries was measured on a large number of
counters, and the effective length calculated to be
10.0%0.3 cm.

Effective counter diameter.

Owing to the scattering of electrons out of
the walls into the active volume of the counter, the
method of using a (—ray beam is not suitable for accu-
rate determination of the effective diameter of a counter.
It is well known, however, that for a cylindrical counter

the effective dimension agrees closely with the physical



-50=

internzl diameter of the cathode, and it was therefore
considered sufficient to check this result for one coun-
ter., The method which was adopted is due to Street and
Woodwara X2}, énd is sketched briefly below.

Three identical counters, A B C, are arranged
to form a vertical telescope as shown in the inset to
Figure 16, The ratios, 't/ , of the triple coinci-
dence rate ABC to the double ioincidence rate AC, are

measured for various displacements of counter B. When

the displacement, S, is zero, the triple rate is at a maxi-

mum, and the ratio Nt/N is equel to the efficiency of
counter B uncorrected fgr the effect of side showers.
The coincidence rate AC due to shower particles alone, is
constant throughout the experiment, and the shower rate
ABC does not very greatly when counter B is given a small
displacement, Since Ns is constant, and N, decreasing
as S is increased, the effect of side showers on the
ratio Nt/N will increase with the displscement, and
correctiong must be applied,

By decreasing the counter spacing in the pre=-
Isent experiment, and so increasing the double coincidénce
rate, the efrfect of showers on the value of Ny was made
negligible, The shower rate ABC was evaluated by meas=-
uring the counting rate with counter B just out of line

with A and C, This gave a correction of 1,2 counts per

hour which was applied to all values of Ni» but which
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only became significant when the displacement was
approaching the value of D, the effective counter dia-
meter, and the coincidence rate was low.

Assuming that the counters behave as uniformly
sensitive rectangular areas, the approximate theoretical
expressions for the value of the ratio Nt/N as a func-

a
tion of the displacement S, are

for s < D/z, Nt-./N E[l - 2(5/13)2__!

for § > P72, W/ = 23[1 - S/D:lz
Ng

where E is the counter efficiency. In Figure 16 the

d

theoretical curves are drawn for effective diameters of

1.8 cm., and 2.0 cm, All the experimental points lie
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Figure 16. Effective counter diameter.

within these limits, and agree well with an effective dia-
meter equal to the internal geometric diasmeter of the

cathode, in this case 1,88 cm, Measurements taken on a

large number of G,M.4 counters gave a value for the effec-

tive diameter of 1,95*0.10 cm.
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(v) High tension supply for Geiger-jMueller counters.

At individual counting rates of the order of
5,000 counts per minute, the mean value of the total
current consumption of three G.M.4 counters connected
in parallel is not more than 2 microamps. Because of
this negligible current drain, the use of batteries to
provide the counter supply would have been relatively
inefficient, and would have increased considerably the
weight of the balloon-borne equipment, It was there-
fore necessary to design a supply unit operating from
the 120 volt radio sonde battery, and capable of gener-
ating a suitable high potential output.

Various forms of portable high voltage supply
units for use with counters are described in the litera-
ture. The majority depend on the production of a succ-
ession of large voltage pulses by an.induction coil, the
pulses being rectified and smoothed to provide the coun-

(13, 24)

ter supply. In some cases the current through

the induction coil is interrupted by a mechanical device

such as the contacts of a buzzer, while other systems(ls'

16
) are completely electronic in action, The latter
‘type was preferred as being the more reliable, and the

less likely to generate electrical interference.

The supply unit described by Huntoo (15) Los

‘Suitable as regards lightness and simplicity, and was



~53=

made the subject of initial experiments, In this cir-
cuit (lightweight version), the anode current of a nor-
mally conducting pentode valve is repeatedly interrupted
by feeding to its control grid negative pulses obtained
from a circuit containing a flashing neon tube, An
iron-cored choke forms the anode load of the pentode,
and the large pulses of back e.m,f, are rectified by a
triode and smoothed by a high voltage working condenser,
A supply unit of this type was constructed, and although
the performance of the circuit was otherwise satisfac-
tory, it was found that an input current of at least

7 ma, at 120 volts was required for an ofi-load output
of 1,400 volts, While this power could have been sup-
plied if necessary, it would have represented the major
portion of the battery drain of the complete balloon-
borne equipment, and some reduction in this consumption

was very desirable,

A result similar to the above was obtained
when the neon tube circuitry was replaced by a blocking
oscillator, the increased amplitude of the induced volt-
age pulses due to the more steeply fronted waveform of
the oscillator being ofiset by the current requirements
of the extra valve, Although this type of circuit also
had to be rejected, it led to the idea of using a single
oscillator valve to produce directly the high voltage
pulses, The conventional type of blocking oscillator

gave disappointing results with a highly inductive anode
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load, but efficient operation was eventually achieved
with the circuit shown in Figure 17.

V9, the oscillator valve, produces a succession
of high voltage pulses of back e.m,f, across the anode
winding of T1, These pulses gre rectified by the tri-
ode V8, and charge to their peak value the smoothing con-
denser Cl6. This condenser then provides a source of
high potential at low current drain, which is suitable

for supplying the counters,
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Figure 17. EMH.T. supply unit circuit diagram.
(tor component values see Figure 26)

The pentode valve V9, which is normelly passing
current, is connected so that its anode and control grid
circuits are very closely coupled through the transformer
Tl, The transformer is phased so that a potential rise
gt the pentode anode is reflected as a potential drop at
fhe control grid, Since this causes a further rise in
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the anode voltage, the valve is obviously in an unstable
state, and under suitable conditions oscillations are to
be expected. A theoretical analysis of the conditions
necessary for oscillation of circuits of this type, in-
cluding a description of the practical resultis obtained
with different transformer ratios, has been published by
Vecchiacchi(IT). It is shown that when the reactive
coupling between anode and grid circuits is very close,
relaxation oscillations are produced at a frequency much
lower than the fundemental of the I¢ circuit, the cepa-
citance in this case being mainly the self-capacity of
the transformer windings, The period is essentially
determined by the impedance of the pentode valve, A
study of the waveforms in Figure 18 shows that during the
major portion of the cycle the rate of change of anode

and grid voltages is slow, being controlled by the rate
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Figure 18. E.H.T. supply unit oscillator waveforms.
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of flow of current from the transformer windings through
the valve, Owing to the shape of the mutual valve
characteristic, the rate of rise in anode voltage in-
creases more repidly as the grid voltage falls towards
cut-off value, with the result that cut-off occurs ab-
ruptly. on cessation of the anode current, a pulse of
back e.m.f, occurs across the transformer secondary
winding, the anode swinging positively since the ten-
dency is to maintain current flow through the valve,
The valve being cut-off during this stage, the duration
of the high voltage pulse depends only on the transfor-
mer characteristics, with the present design it
amounts to about one sixth of the complete cycle,

The blocking oscillator is a 2-volt R.F. pen-
tode (Mazda type VP23), the anode and screen grids being
stirapped, and the suppressor connected to the negative
filament line, The variable resistance R23, decoupled
by C17, permits adjustment of the E.H.T. output over the
plateau range of the counters, The section of R23 left
in circuit at normal output voltages also provides ade-
quate decoupling of the H.,T. line. on the carrier
transmitted by the balloon-borne equipment the E,H.T.
oscillator note is barely audible, and the only notice=-
able effect is a very slight beating with the audio
signals at certain frequencies, The grid stopper R20

is not essential to the operation of the oscillator, but



L

it was found to reduce the current consumption of V9 for
a given voltage output. No suitable diode being avail-
able, & triode (Mazda type HL23) with grid strapped to
filament is used as the rectifier.

since the filament of the rectifier, V8, and
the associated wiring are at E.H.T. potential, a separate
heater supply is necessary. In flights F1 and F2 small
2.4 volt accumulators which had had a long shelf life
were used for this purpose. Transmission of cosmic ray
signals failed after 35 minutes in flight Fl and after
67 minutes in flight F2, The balioon-borne equipment
used in flight Fl was not recovered, so the cause of
failure could not be determined, On recovery of the
equipment used in flight F2, the trouble was traced to
this accumulator providing the rectifier filament supply.
The internal connection between the negati?e plate of the
battery and the negative terminal had been open-circuited
by acid corrosion, It was definitely established that
this had caused the second failure, since a discharge
test after repairing the bresk showed that the battery
was still almost fully charged. The accumulators were
therefore discarded in favour of 1.5 volt dry cells (Ever
Ready type Ull)., This type of cell heats the 2 volt
filament of an HI23 valve sufiiciently for efficient

rectification, and the run-down time of sbout 7 hours

leaves the necessary margin for checking operation before
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take-off,

Transformer design.

The original E,H,T., supply units incorporated
a commercial audio transformer (Elstone type LF35), of
high primary and secondary inductance, which was satis-
factory in operation and was used in flights Fl-F3.
Further experience showed, however, that the insulation
between windings in this component was insufficient for
the purpose in hand, too great a percentage having to
be re jected, In addition, the maximum temperature for
reliable operation was about 3500., surface leakage along
the paper former becoming serious above this point,

The Elstone transformers were therefore replaced after
flight ¥F3 by a component designed for greater reliabil-
ity.

The new transformers were individually wound
on bobbins turned from thick vulcanite rod, End and
side views of the bobbin are shown in Figure 19(a) end
(b) respectively. All walls, including the partition
between anode and grid windings, were Q.12 cm, thick.
Up to 14 laminations of the dimensions shown in Figure
19(c) could be accommodated inside the bobbin, the type
of alloy having little effect on the performance. The
anode winding consisted of 5,000 turns, and the grid
winding of 1,250 turns of 43 S.W.G. enamelled copper

wire, Winding was of necessity done by hand on a lathe,
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great care being required to prevent turns at widely
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Figure 19. Transformer bobbin and laminations.

different potentials from touching. There was not
sufiicient room to interleave the windings,

45 S.W.G. wire is the finest which can be used
without causing dirfficulties due to the variation of
E.H.T. output with change in temperature, With 45 S.¥%.G.
wire a rise of looc. causes a drop of 25 volts in an out-
put of 1,350 volts, This effect, which is mainly due
to the change in resistance of the transformer windings,
is still detectable with 43 S.W.G. wire but it is much
less pronounced, An autput of 1,350 volts does not
then drop by more than 20 volts for a 50°C. rise in tem-
perature, In flights Fl1-F3, when Elstone transformers
were in use, the temperature coefficient was too great
to be neglected, Its effect was minimised by the in-
clusion of a negative temperature coefficient resistor

‘R21l (S.T.C. Brimistor type Cz2) as part of the anode
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load of V9. The resistance of the Brimistor falls with
a rise in temperature, raising the anode voltage of V3,
and compensating for the reduced efficiency of the trans-
former at the higher temperature, Exact compensation is
not possible owing to the non-linear characteristic of
the Brimistor, and a parallel combination with a fixed
resistor R22 was found to give the best compromise.
Vecuum impregnation of the transformers greatly
increases their reliability. The impregneting material
used was a mixture of high melting point paraffin wax (4
parts), with sufficient petroleum jelly (1 part) to pre-
vent cracking at low temperatures, The following pro=
cedure was employed, The wax, in a small container, was
heated to about 8000. and placed under a bell-jar. The
transformer without its laminations was suspended above
the container, the bell-jar was evacuated, and then the
transformer was dropped into the molten wax, Pumping
was continued until bubbling due to the escape of air
and water vapour from the windings had ceased, a process
teking some 20 minutes, The vacuum was then suddenly
released, forcing the ®aX right to the innermost layers
of the windings, On removal of the transformer, the
windings were bound with Empire tape and the whole covered
with a protective layer of wax,

Construction of E.H.T. unit,.

Since the E.H.T. unit was required to operate
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at very high altitudes in atmospheric pressures of a few
mm., Hg., stringent precautions were necessary to prevent
the occurrence of corona discharges from the high poten-
tial wiring. The importance of this was increased by
the low current capacity of the high voltage supply, a
discharge current of only a few microamps causing serious
reduction of the E.H.T. voltage. An obvious method of
avoiding this trouble was to construct the supply unit
in an air-tight container which would remain at ground
level pressure throughout a flight, It was considered
however, that this method would involve unnecessary com-
plications, and that covering all exposed high potential
points with wax was, in this case, a simpler solution,
Both Apiezon Wax "W" and paraffin wax were used for this
purpose, but the former is to be preferred on account of
its higher melting point (8000.), its closer adherence to
a variety of surfaces, and its lesser tendency to crack
at low temperatures.

In constructing the supply units the valves V8
and V9 were de-based and the metallising removed, The
external leads to the electrodes were given the maximum
possible clearance, and then the hollow round each valve
pinch was filled with wax. The unit was designed so
that, all the high potential wiring, with the exception of
the grid lead to V9, was sandwiched between two paxolin

plates, The complete assembly is shown in Figure 20.



Valves, transformer and smoothing condenser were mounted
on the top plate and waxed into position. All wiring
between the plates was covered with wax, the lower plate
being perforated to facilitate this operation, Four
terminals were provided for the battery supply input,
and two well insulated leads carried the rectifier fila-
ment supply, one of these leads also being connected to
the counter supply line. The grid cap of V9, a high
potentiel point, was removed, connection made to the

protrucing wire, and the Jjoint then waxed over. The

Figure 20. E.H.T. supply unit.

filement supply battery for V8 was enclosed in a cemented
pélystyrenecontainer, To prevent the possibility of the
box crecking on reduction of the external pressure, a

‘very small perforation was made at one end and coronas
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suppressed by lining the interior with cotton wool,

E.H.T. unit performance.

The counter supply units were designed to run
off a 120 volt battery, For a given supply voltage
the current consumed depends mainly on the inauctance
and resistance of the transformer windings, If a suffi-
cient number of turns are employed, an output of 1,400
volts can be obtained at a battery drain of less than
0.2 ma. However, the regulation is then unavoidably
poor, and it is more suitable to use fewer turns of
thicker gauge wire, With the transformer design speci-
fied above, the required output is obtained at a current
consumption of about 1 ma.

The weight is about 320 gm. for the main unit,
plus about 90 gm. for the rectifier filament battery and
container,

Figure 21 shows the relation between output

voltage and output current, The decrease in voltage is

51200 \
8
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Current drain (pA.)

Figure 21. E.H.T. supply unit regulation.
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practically linear for increasing drain, and amounts to
about 30 volts per microamp.

The smplitude of the ripple on the output volt-
age depends on the current drain, but is not greater
than 3 volts peak to peak at fast counting rates, Both
battery and meins driven versions of this type of high
voltage supply unit have been in use over long periods
in the laboratory. Under constant operating conditions
the output voltage is extremely stable, but it drops by
about 15 per cent for a reduction of 10 per cent in the
input voltage.

Ideally the counter supply voltage should re-
main constant throughout a flight, This could not have
been realized in practice with the type of supply unit
employed, and although the use of counters with unusually
extensive plateaux made the stability of the E,H.T.
supply unit much less critical, it is necessary to con-
sider the probable variations during a flight, The most
important causes of fluctuation in counter voltage are
the following:

(a) The effect, already discussed, of temperature change
‘on the transformer efficiency.

'(B) Alterations in battery voltages during a flight,

(c) The variation in counter current consumption with

counting rate,

The effect of (a) has probably been small in all
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flights, the variation in E.H.T. voltage amounting to

not more than 20 volts in flights Fl-F3, and to not

more than 10 volts in other flights. The magnitude of
the fluctuation due to (b) can only be estimated. Nor-
mally the battery voltage is stable to within 1 volt over
a period comparable with the duration of a flight, when
tested on run-down in the laboratory. The resulting
variation in E,H.T. voltage should be not more than 15
volts, This, of course, does not take into account
possible failure of one or more individuasl battery cells,
Complete failure of one cell, apart from its efiect on
the internal resistance of the battery, would lead to a
drop of 35 volts in the counter supply. There has, how=-
ever, been no evidence of any tendency towards cell fail-
ure during a flight, and it is unlikely that there has
been any marked drop in E.H.T. voltage from this cause,
This leaves the effect of (¢) to be considered, the var-
iation due to changes in counter drain, The depenaence
of output voltage on output current shown in Figure 21
relates to a supply unit with the component values and
operating voltages shown in Figure 17, and with suffic-
ient laminations inserted into the transformer for the
frequency of oscillation to be about 350 c¢/s. This

type of supply unit was used with all three-counter
telescopes, when the maximum drain was expected to be

about 1,2 microamps. This would cause a drop of 30-35
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volts in an off-load voltage of 1,350 volts,

The regulsation of the supply unit depends on
the frequency of oscillation of V9, and when a greater
number of counters were to be supplied, certain modifi-
cations to the power unit became desirable, The oscil-
latory frequency could be raised to about 750 c¢/s by re-
moval of some of the transformer laminations, and the
resultant decrease in the maximum obtainable output volt-
age countered by decreasing the control grid bias to
-4,8 or -2,.4 volis, and by reducing the value of R20.
The same output voltage range could then be covered, and
with five- or six- counter telescopes the maximum vari-
ation in E.H.T. voltage due to counter drain was égain
under 35 volts., Under these conditions the battery
consumption of the supply unit increased to about 1.8
ma,

The total variation in E.H.T. voltage during
a flight from these various causes should not have been
greater than the following:

(&) A drop of 10 volts near the point of maximum alti-
tude due to temperature rise.
' (b) A drop of 15 volts in the later stages of the flight
due to the probable fazll in battery potential,

(¢) A drop of 35 volts when the counting rates of the

individual counters were at a meximum during the ascent

and descent,
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The total drop to be expected is at no time
likely to have been greater than 50 volts., With a nor-
mal take-off potential of 1,375 volts and an efiective
plateau range of 1,200-1,500 volts there was ample mar-

gin for this variation.
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(vi) ZIulse control circuitry.

Although various arrangements of counters uere
used in different flights, the transmitted signals in
every case were required to denote the occurrence of a
coincidence between all the counters in the telescope.
The function of the pulse control circuiiry was there-
fore to produce a negative pulse of suitable duration
and amplitude to quench the R.¥. oscillator for 30 millii-
seconds, only on receipt of simultaneous short negative
pulses frAm all counters. For simplicity the descrip-
tion will be confined to the circuit designed for use
with a triple coincidence telescope, and the modifica-
tions required when dealing with coincidences of higher
multiplicity will be listed separately.

The well known circuit developed by Rossi(ls)
for coincidence recording forms the basis of the pulse
control stages. Three pentode valves operate into a
common anode load of value about 1M, which is large com-
pared with the D,C. resistance of any one of the valves
at zero control grid bias. As a result the rise in
voltage at the common anodes remains comparatively small
when one or two valves are cut-off by the negative coun-
ter pulses fed to their control grids. When a triple
coincidence occurs, and all three valves are cut-off to-

gether, the impedance of the valves in parallel becomes

high compared with their common anode load, and a much
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larger positive output pulse is obtained. These output
pulses are therefore roughly separable into three groups,
corresponding in increasing order of amplitude to single,
double and triple coincidences, and selection of the de-
sired triple coincidences is reduced to the simple pro-
blem of picking out the pulses of greatest amplitude,

The facility with which this may be accomplished depends
mainly on the ratio of amplitudes of the pulses corres-
ponding to triple and double coincidences, and this quan-
tity is known as the discrimination of the circuit,

Early experiments using Mazda VP23 R.F. pent-
odes showed that a discrimination of 10:1 could be ob-
tained. Difficulties were encountered, however, when
the circuit was operated in close proximity with the R.F,
oscillator, due to the alteration in bias caused by
rectification of induced high frequency voltages on the
Rossi valve control grid leads. Decoupling was unsatis-
factory, and shortening of the grid leads was found to
be the only efrfective cure. The Rossi valves had each
to be positioned with the control grid connection within
1l inch of the corresponding counter anode, Mounting
valves of normal size so as to achieve this would have
entailed placing an appreciable amount of cosmic ray
shower producing material close to the counters, which it
was desired to avoid, Sub-miniature R.F. pentodes,
Hivac type XWO.75A, were therefore adopted for use in the
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Rossi stages. With these valves the optimum discrimin-
ation obtainable of 7:1 was amply sufficient, but to
achieve this figure considerable care in matching valves
was reguired,

The pulse control circuitry used in flights
F1-F8 is shown in Figure 22, V5, V6 and V7 are the
three Rossi valves, the negative counter pulses being
fed to their control grids through high voltage working
condensers Cl3, Cl4, Cl5. The positive pulses devel-
oped across the common anode load R1l are passed through
Cl2 to the grid of a triode V4 which is biased well be-
yond cut-off, Under normal operating conditions the
amplitudes of pulses due to single, double and triple
coincidences are about 0,5, 3 and 15 volts respectively,
so the bias of -9,6 volts leaves a considerable safety
margin for the rejection of all but triple coincidences.
The bias is lifted each time a triple coincidence occurs,
and a short negative pulse is produced at the anode of
V4, It is necessary to lengthen this pulse to about
30 milliseconds, The simple but effective method em-
iployed is to reflex the circuit, feeding back the short
pulse from V4 anode through Cll to the screen grids of
' the Rossi valves., As a result, each triple coincidence
‘pulse initiates a flip-flop action between V4 and the
Rossi circuit, the negative pulse fed to the Rossi valve

Screens holding these valves in a cut-off state, so that
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their anodes rise to full H,T, potential and a large
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Figure 22. Pulse control circuitry.
for component values see Figure 26

positive pulse is passed to the grid of V4 which remains
conducting. This state is maintained for the period of
the flip-flop cycle, which is governed mainly by the time
constants of R24, Cl2 and R10, Cll, the circuit then re-
laxing and returning to its stable condition with the
Rossl valves conducting and V4 cut off, By suitable
.cﬁoice of component values the duration of the negative
pulse at V4 anode is lengthened to the desired value,

To some extent the requirements of good discrimination,
short resolving time (discussed later), and reliable
flip-flop action producing a pulse of the correct dura-

tion, conflict with one another, and the component
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values and voltages shown in Figures 22 and 26 represent
the best possible compromise, The long negative pulse
at thelanode of V4, now of emplitude nearly 120 volts
and with a sharp leading edge, is fed through Cl0 to the
grid of V3, It is potentiometered down by resistors
R8 and R6, the inclusion of R8 also serving to prevent
the operation of V3 being affected by inter-stage coup=-
ling.

The XWO,75A valves used in the Rossi circuit
have a filament consumption of 33 ma. at 0.75 volts, so
it was convenient to run three of them in series across
the 2.4 volt L.T, supply. This gave rise to the diffi-
culty, owing to the potential drop down the filament
chain, that the efiective anode voliage was not the same
for each valve. The mean anode potential being about 2
volts, this effect was important and could seriously im-
pair the discrimination of the circuit. The difficulty
was overcome by the inclusion of resistors R12 and R13
as part of the anode loads of V5 and Vb respectively,
These resistors were empirically chosen for each eqguip-
ment to equalize the anode currents of the three Rossi
valves, Using well matched valves the magnitudes of
R12 and R1l3 are small compared with the main anode load
Rll, and the presence of these resistors does not inter-
fere with the normal operation of the circuit.

The discrimination obtained with the circuit



of Figure 22 varies considerably with the characteris-
tics of the individual XW0,75A valves, The minimum
accepted figure was 5:1, with the double coincidence
pulses unable to 1ift a bias of -3 volts at a counter
voltage of 1,350 volts,

The reliability of the flip-flop action was
checked by an experiment in which the number of trans-
mitted triple'coincidences was compared with the number
of pulses appearing at the anode of V4 in the same per-
iod. The equipment recording transmitted counts res-
ponded only to lengthened pulses, while a scaler coupled
to V4 was capable of accepting long or short pulses,
Over a long period the two counting rates were found to
agree, and for a wide range of supply voltages there was
no loss of counts due to failure of a triple coincidence
pulse to trigger the flip-flop.

Resolving time.

In addition to genuine coincidences caused by
the passage of a single particle through all the counters
of a telescope or by a cosmic ray shower, accidental co-

;incidences arise when the counters are simultaneously
discharged by two or more random particles. In practice
' these accidental coincidences are counted if all the

' counters are actuated within a short time interval. The
longest interval, t, between pulses at which an acciden-

‘tal is recorded as a genuine coincidence is known as the
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resolving time of the circuit. For a triple coincidence
telescope, the-rate of accidentals N123 is given in
terms of the resolving time and the individual counting

rates of the counters N N and N by the relation

2 B 2 32
N o, = SN NNEE
This is an approximation, but the error introduced by
neglecting higher powers of t is small when the resolving
time is short, During a flight the individual counting
rates become relatively high at certazin altitudes, so a
short resolving time is necessary if =z negligible rate of
accidental coincidences is to be obtained.

The resolving time of the Rossi circuit is de-
termined mainly by the time constants of the control
grid circuits, but a lower limit of Jjust under 1 micro-
second is set by the finite breakdown time of the coun-
ters. In designing the present equipment it was conven-
ient to adopt a suitable type of blocking condenser Cl3,
014, €15, and to reduce the value of the grid leaks R1l4,
R15, R16, until a sufficiently short resolving time was
:obtained. As the value of the grid leaks is reduced
;the counter pulses are more and more severely difreren-
!tiated, with a consequent decrease in emplitude as well
ias in duration, end as a result the output pulses from
the Rossi circuit also become smaller, Since the init-

ial amplitude of the counter pulses depends on the coun-

Per over-voltage, there is a critical counter operating
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potential below which the output pulses from the Rossi
stages due to triple coincidences are of insufficient
amplitude to 1lift the bias on V4, Reducing the grid
resistors will therefore increase the minimum emount of
over-voltage required for operation of the pulse cir-
cuitry, and so reduce the effective plateau length of
the counter telescope. At the selected value of 68K an
over-voltage of 100 volts is necessary, and reliable
operation is obtained with counter voltages in the range
1,200-1,500 volts.

An output pulse from the Rossi circuit due to
an accidental coincidence is of the same amplitude as the
pulse due to a genuine coincidence only if all the coun-
ters are discharged simultaneously. Since the trailing
edges of the counter pulses are by no means sharp, any
time lag in the discharge of one counter will lead to the
production of a pulse of amplitude intermediate to the
groups corresponding to triple and double coincidences,
The resolving time is therefore afiected by the minimum
pulse size required to operate the circuitry following
the Rossi stages., This made it necessary, when deter-
mining experimentally the resolving time of each equip-
ment, to ensure that the operating conditions were so far
8s possible identical to those obtaining during a flight,

In measuring the resolving time of the pulse

pircuitry the following procedure was employed. The
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balloon-borne equipment under test was placed with the
counter telescope horizontal, and the counters were
stimulated to fast individual rates of counting by means
of a radium source, The counting rates N,, N, and Ny
of the three counters, and the triple coincidence rate
of the telescope were measured. The observed coincid-
ences are mainly accidental events, but a correction is
required to eliminate the effects of cosmic ray showers
and horizontally moving radiation, This correction was
evaluated by removing the radium source, and observing
the coincidence rate at a low individual counter back-
ground rate, The difference of the two coincidence

rates gives the rate N due to accidental events. In

125
one experiment the following figures were obtained.
During a period of 8 hours stimulated counting with
Nl = 17,600, N2 = 18,100, N3 = 14,900 counts per minute,

a total of 52 triple coincidences were recorded, After

removing the radium source, counting continued for a fur

ther 108 hours, in which time 103 coincidences occurred,
indicating a correction of Jjust under 1 coincidence per

‘hour, Of the 52 observed coincidences it can therefore
'be assumed that about 44 were due to accidental events.

The resolving time calculated from the formula sbove is

found to be 4.9%0.,4 microseconds.

! This determination of resolving time entailed
|

a total of about 8 x 106 counts per counter, which
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represents a large part of the counting life of an
argon-ethylene_filled counter, Lo reduce the possib=-
ility of counter failure during a flight, the resolving
time measurements carried out as a routine test on each
completed eguipment were therefore of an even lower
statistical accuracy. Since close tolerance components
in identical layouts were used in each case, no great
variation in resoiving time was to be expected, and, in
practice, agreement with the above figure to within a
statistical error of 1 microsecond was obtained for each

three counter telescope.

Flights F9-Fll.

In flights F9-Fll the measurement of & five-
fold coincidence rate necessitated the use of five para-
llel Rossi valves, The only modifications reguired to
the remainder of the circuitry to regain optimum perfor-
mance were the reduction of R1ll to 820K, and of R10 to
68K, Three of the XWO,75A valve filaments were run
directly across the L,T. supply as before, and the re-
maining two were heated in series with a suitable drop-
ping resistor, Small resistors were again used to
equalize the anode currents of the Rossi valves, and a
discrimination of over 4:1 between five- and four-fold
coincidences was obtained with closely matched valves,
Measurement of resolving times by the method described

above was quite impracticable with telescopes containing
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four or more Rossi valves, intense stimulation for a
very long peried being required to produce a significant
number of accidental coincidences, This, of course,
indicates tnat 2 negligible number of accidental co-
incidences would arise during a flight, and therefore
that an exact knowledge of the resolving time is not re-
quired, By selecting the Rossi valves and associated
counters in groups of three, and disconnecting the re-
maining Rossi valves, it was possible to show that the
resolving time remained at about 5 microseconds in all
cases,

Flights F1l2-Fl6,

During the course cf these experiments the
XWO,75A valves beceme obsolete, being superceded by the
type XFW1O0, The latter valves, which were used in the
Rossi circuit from flight Fl2 onwards, have a filament
consumption of 25 ma, at 0,625 volts, Considerable
difficulty was experienced in matching valves in order
to obtain satisfactory discrimination, It was necess-
ary to connect all filaments in parallel, and heat them
through a 50 ohm variable resistor, The value of re-
sistor R11l was much more critical with the XFW10 valves,
and suitable values in the range 900 K to 1.1 M had to
be selected for each equipment used in flights Fl2-Fl6,
The screen resistor R10 was again 75 K, A discrimina-

tion of 4:1 between four- and three-fold coincidences
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was obtained in every case, and no appreciable change
in resolving time was observed.
Flight Fl7,

In this flight a high coincidence rate was
expected, To reduce counting losses, the period of
the fliip-flop cycle was shortened to 20 milliseconds by
reducing Cl2 to 0.2%ﬁF. The three XFW10 valves wmere
heated in parallel; the anode load Rll and screen re-
sistor R10 were 1,2 M and 75 K respectively. Between
triple and double coincidences the discrimination was
5:1, and the resolving time was again close to 5 micro-

seconds,
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(vii) Power Supplies.

In all flights the high and low tension power
supplies were provided by batteries of similar design to
the Meteorological Office Mark III types mentioned in
reference 8, These are improved versions: of the Mark I
batteries used for the Kew radio sonde, the quantity of
inactive material in the electrodes being reduced to a
minimum in order to give a better capacity - weight
ratio, In both H.T. and L.T. sections, the positive
electrodes consist of a layer of lead peroxide mounted
on a grid of metellic lead, and the negative electrodes
are plates of amalgamated zinc, The batteries, which

'require no initial charging, provide an e.m.f. of approx=-

imately 2.4 volts per cell on filling with an electrolyte

Figure 23. Complete battery unit.
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of sulphuric acid (specific gravity = 1.27). By sat-
urating the electrolyte with mercuric sulphate, the sur-
face of the zinc plates is freshly amalgamated at the
time of use., The cell walls in the H,T. section, and
the outer cases are moulded in cellulose acetate,

Ovwing to the difficulty of providing adequate
insulation between adjacent cells at widely different
potentials, it was necessary to obtain the required H.T,
voltage by means of two separate 65 volt batteries each
containing 28 cells. 4 cells of one battery formed a
bias section of 9,6 volts, and the remaining 52 cells
provided the 120 volts H.T. supply. Intermediate volt-
age tappings were obtained by soldering wires direct to
the inter-cell connections.

The complete battery unit is illustrated in
Figure 23, with the L,T. section, a single multiplate

<.4 volt cell, on the right,

A semple of each batch of batteries obtained
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Figure 24, Discharge characteristic of 65 wvolt H.T.
section at constant current drain of 5.2 mA.
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from the manufacturers (Barnard Accumulator Co.), was
tested on discharge in the laboratory. Figure 24 shovus
a typical voltage-time curve for a 65 volt H.T. section
at a constant current drain of 9,2 ma., After an init-
ial rise of about 1,5 volts due to decreasing internal
resistance, the output voltage is stable to within 0.5
volts for the first 5 hours and drops rapidly after 6
hours, This type of discharge characteristic is well
suited to the present work. Most of the initial rise
occurs during the testing of the equipment prior to re-
lease, the battery voltage becoming steady before take-
aff.,

A flight normally lasted for about 3 hours,
with a current consumption of 8-9 ma,, so ample margin
was left to provide against any possible decrease in

battery capacity with storage life,

Battery output (Volts)

o] 2 4 6 o]
Time (Hours)

Figure 25. Discharge characteristic of 2.4 volt L.T.
battery at constant current drain of 550 mi.
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The discharge characteristic of an L.T. battery
is shown in Figure 25, A current output of 550 ma.
can be maintaiﬂed for at least 5 hours at 2,44%0,04 volts.
This capacity is adequate to provide the 500-550 ma. re-
quired by the transmitting equipment for the duration of
a flight,.

These run-down tests showed that trouble might
be experienced due to the destruction of the negative
plates in the H.,T. batteries at the zinc-air-acid bound-
ary, probably a result of faulty amalgamation of the
zinc. The soldered connections between electrodes are
protected from acid corrosion by a covering of anti-
sulphuric paint, and extension of the painted area on
the negative plates in each cell to below acid level was
found to eliminate the trouble. This treatment was
therefore adopted as a routine safety measure on each
H,T., battery.

The batteries were most easily filled by the
use of a large fountain pen filler, this instrument also
providing a means of extracting any excess acid added to
the cells of the H.,T. section, The filling operation
was completed about 1% hours before take-off, to reduce
.the discharge time required for the internal resistances
of the batteries to fall to their minimum values, After
filling, a layer of viscous oil was floated over the acid

in the batteries, to preserve insulation between cells by
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preventing any splashing of the acid due to the motion
of the balloon-borne equipment during the flight,

The weight of a single 65 volt H.T., battery
with acid and oil is about 270 gm, At a discharge rate
of 9 ma. the capacity is not less than 55 ma.-hours, so
the capacity-weight ratio is at least 13 milliwatt-hours
per gram, An L.T, battery with acid and oil weighs
about 184 gm. -~ The minimum capacity of 3,000 ma,-hours
al a discharge rate of 550 ma., corresponds to a capa-

city-weight ratio of 32 milliwatt-hours per gram,
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(viii) Construction of transmitting eguipment.

The complete circuit diagram of the balloon-
borne transmitter used in flights F1-F8 is shown in fig-
ure 26, followed by a list giving the values, ratings
and tolerances of the components employed. To some ex-
tent the choice of values and ratings was influenced by |
the ready availability of components of suitable type,
and for this réason the ratings of many of the capacitors
and resistors are greater than actually necessary for
reliable operation.

A complete eguipment of the type used in
flights F1-¥8 is shown, without its cellophane coverings,
in Figures 27 and 28, from which some idea of the com-
ponent layout and the physical dimensions may be ob-
tained,

The fremework is constructed of aluminium
strips, right-angle sectioned where additional mechanical
strength is required, and held together by bolts or by
aluminium rivets, It is designed to be carried aloft
by two cords attached to the balloon rigging. These
cords are threaded through eyelet holes in the projecting
lugs at the topmost points on either side of the equip-
ment, The lower part of the outer framework is Jjust
sufficiently strong to bear the weight of the apparatus

‘when standing on the laboratory benech.
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Components list - Figures 1, 17, 22 and 26,

P I R R i
Resistor Value Tolerance i Rating
(ohms) (%) - (watts)
R1,2,5,6 ok B =g | 4
R3,4 47K 5 ;
R7 Selected values about 1M, )
R8, 9 100K 5 i
R10 TN s 5 %
R11 1M 2 >
R12,13 Selected values 5K~20K. /10
R14,15,16 | 68K matched to 1%. /10
R17,18,19 10M 10 /10
R20 ! 27K | 10 /10
R21 | Brimistor, S;T.C. type CZ2 (F1-F3 only).
R22 % 15K 10 3
R23 10k variable, linear law. 3
R24 1M 10 %
B
Valve Maker Type
Vl,2,3,4,8 .Mazda HL23
¥5,6,7 Hivac XWO, 75A
| V9 Mazda | VP23
| _
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~ L domn ,
Cepacitor Value | Type Tolerance (%)
Cl O.QT)Jf mica 3

c2 0.01pf mica 15

C3,4 0.001pf mica 15

C5 5=20pf concentric air-spaced trimme;.
coé . 20pf mica 10

c7 | 5pf ceramic 350v. 5

c8 100pf mica 15

C9 500pf mica 15
cl10,11 0.1lpf tubular 350v, 20

12,17 0. 5pf tubular 350v. 20
Cl3,14,15 | 100pf mica 2,25Q0v, 10

Cle 0.1pf tubular 1,500v. 20
Miscellaneous,

Ll Pressure controlled inductor.

L2 Temperature controlled inductor.

L3 28 Mc./s., tank coil,

L4 R.F. choke, 30 microhenries,

Bl Ever Ready, U 11, 1.5 volt cell,

M1l Rev. Motors Electrotor type 24Q,

Tl 4:1 ratio audio transformer (see text),

S1 Changeover switch (see text),

GM Geiger-Mueller counters, Cintel type G.M.4.
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Figure 27. Transmitting equipment - front view.

Constructional details.,

The radio sonde pressure and temperature units
are visible in Figure 28, mounted symmetrically on either
side of the centre, This arrangement was adopted so
that the two elements would be at equal temperatures ir-

respective of the possible existence of a vertical



temperature gradient within the gondola, Under these
conditions the trensmitted temperature data give the
most accurate pressure frequency corrections,

The motor and switch unit is positioned below
the pressure unit, while the mein circuitry of the Kew

radio sonde is built on a chassis formed by two narrow

Figure 28. Transmitting equipment - resr view.
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strips of aluminium. The four_metallised valves in
Figure 27 are,- from the right, the A.F. oscillator,
buffer stage, R.F. oscillator, and coincidence selector
V4, respectively. The high frequency tank circuit is
immediately below the R.F., valve, with sufficient clear-
ance from surrounding components to avoid loss of ra-
‘diated power,

A strip of paxolin which carries the sub-
miniature valves of the Rossi circuit and also the block-
ing condensers Cl3, 14, 15 is bolted along the main
strut benind the R.F¥., oscillator. The valves, each on
a level with the corresponding counter, are visible in
Figure 27. The high potential ends of the blocking
condensers, the connections to the counter anodes, and
the counter load resistors R17, 18, 19, are waxed over
to suppress corona discharges.

The high voltage supply unit is mounted in the
lower half of the apparatus, with the valves upside
down, The smoothing condenser Clé is visible below the
counters in Figure 28, which also shows, at the bottom
right, the polystyrene box containing the filament
battery for the rectifier V8.

The high and low tension batteries are con-

tained in the paxolin box at the bottom of the inner

framework,
Average weights for the transmitters used in

the various series of flights are giwven below, These
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figures do not include the weight of batteries or rigg-
ing. In addition, up to 250 gm. of photograpnic emul-

sions were carried in flights F1-F¥8,

Flights : Average weight (gm,)

F1-F8 4,460 (including 2,100 gm. Pb.).
F9-Fl1 7,560 ( " ;725 " *® 9,

F12-F16 4,660 ( " 2,100 ¥ & Jg
F17 5 2,165,

Counter telescopes,

The various geometrical arrangements of the
counter telescopes, and the physical thicknesses of the
lead blocks are shown in Figure 29, The absorbers were
cast slightly oversize and then machined to the final
dimensions, In all cases the blécks were of length
10,75 cm, which is 0,45 cm, longer than the greatest
measured efiective counter length. The absorber width
was 2,15 cm,, except in flights F9-Fll where a width of
4.35 cm, was required for complete screening of the two
counters in each tray,

To keep the counter telescopes as nearly as
possible vertical during a flight, the lead blocks were
mounted centrally in the framework, being bolted to four
sectioned zluminium struts. Bent out horizontally be-
low the level of the lowest counter tray, these struts
provided the main source of mechanical strength and

carried most of the electronic components, The



absorbers and struts held the counters in position

sufficiently tightly to prevent any slipping, and, al-
though no shock absorbing material was used to pad the
mountings, very few counters were brogen by the impact

on landing at the end of a flight,

oo\ e

(@)
FI—-F8
F17 (pno lead)

Figure 29. Construction of counter telescopes.

To reduce the effect on the coincidence rates
of siace showers created in the surrounding material, the
counter telescopes were mounted high in the frameworks

in relation to the other components. In the eguipments

used in flights F1-F8 and F1l2-F1l7 no major components
were positioned above the level of the central counter
B.

So far as possible the transmitters used in these

fourteen flights were identical in design. The
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additional parsllel-connected counters D used in flights
Fl2-F1l6 were mounted alongside the counters A of the
simple threefold vertical telescopes by slipping them
through light aluminium rings attached to the main struts.
The separation at the closest points petween the effec-
tive volumes of counter A and counters D was about 3 mm.

The lead blocks were not required in flight
F17, but the same construction was used, the counters
being held in position by light aluminium cross-pieces,

The additional length of the counter telescope
in the other three flights F9-Fll made the overall
height of the equipment, some 8 cm. greater, but no radi-
cal alteration in design was necessary. The framework
had to be strengthened somewhat to support the greater
weight of absorber,

Short cylinders of black peper were fitted
over the anode ends of the counters, so that the anode
terminals and connections thereto could be completely
covered by pouring molten Apiezon wax "W" into the
cylinders, The possibility of corona discharges occurr-
ing at these points was eliminated by this procedure,
which also served to black-out the anode ends of the coun-
ters and to prevent surface leakages,

Cellophane coverings.

A fair measure of temperature constancy was

maintained within the balloon-borne eguipment by the
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usual methoa of covering the framework with a double
layer of cellophane, The inner layer was fitted over
the main framework of the equipment, and made as leak-
proof as possible with adhesive cellophane tape. The
outer curved aluminium strips seen in Figures 27 and 28
were cross-braced with thin steel wire, and the whole
apparatus then covered by the other cellophane layer,
The aerial wir€ and the negative L,T. connection protru-
ded through both coverings, flaps being leit in the cello-
phane to allow of testing, last-minute adjustments and
insertion of the batteries, Transparent cellophane of
thickness 0.001 inch and density 0.0034 gm./cm.2 was
used,

For various reasons it is not possible to
achieve an exact balance throughout a flight between
heat losses from the gondola and the heat gained from the
sun, The most suitable compromise for the present equip-
ments was found by trial and error. In the first Test

Flight, to increase the absorption of the sun's radia-
tion, one-guarter of the outer surface area of the inner
layer of cellophane was covered with black paper. The
'internal temperature on this occasion rose steeply after
'the uppermost cloud layer had been passed. The pro-
‘bortion of black paper was.successively reduced in the
following two flights, but in both cases the maximum

‘temperatures were rather high, Part of the inner
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cellophane layer was then covered with aluminium foil to
reduce the rate of absorption, the area of reflecting
surface being increased until satisfactory results were
obtained from flight F2 onward. The area of aluminium
foil was then approximately one-sixth of the area of the
outer cellophane layer, or just over one-guarter of the
inner layer, The aluminium foil zlso served to prevent
direct sunlight falling on either the temperature or the
pressure unit,

Positioning of controls.

In designing the balloon-borne ecuipment pro-
vision had to be made for testing of operation during the
interval betvween covering the framework with cellophane
and take-off, and to allow of last-minute adjustments,
The E.H.T. voltage control resistor R23, and, in later
flights, the dropping resistor for the filaments of the
Rossi valves had therefore to be accessible through flaps
left temﬁorarily in the cellophane, Checking operation
of the pulse coﬁtrol circuitry introduced no complication
in flights F1-F8 and Fl7, owing to the freguency of
occurrence at ground level of the cosmic ray event under
observation. In the remaining flights, however, the ex-
tremely low ground level counting rates made impractic~
able a direct test of correct operation, To reduce the
possibility of releasing a feulty equipment in these

flights the anodes of the Rossi valves were taken to the
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common anode load resistor via a terminal board access-
ible from outside, The anode current of each valve
could then be checked, and, for testing purposes, by dis-
connecting the épprOpriate valves, simpler coincidences
such as ABC and DBC in flights F1l2-Fl6 or PQS and PRT in

flights F9-Fll coula be transmitted.
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(ix) Balloons and Rigging.

Balloons.

In routine meteorological soundings, the Kew
radio sonde is carried aloft by a single rubber balloon
of nominal weight 700 gm. end unstretched diameter about
5. feet., The balioon, inflated to 1ift about 3 Kgm., in
addition to its own weight, provides a free 1lift of some
1,250 gm., end under these conditions a minimum pressure
of 100 mb, is attained on a majority of occasions.

The performance of these 700 gm. balloons at a
lesser inflation was investigated during the Test Flights,
Tvio balloons per equipment were used, and in all three
flights each balloon was inflated to carry 2 Kgm. The
ecuipments weighed about 2,250 gm., which left a free
1lift of approximately 875 gm. per balloon, This gave a
feirly linear ascent rate of 900-950 feet per minute, and
the lowest pressures reached were as follows:

Test Flight 1 34 mb, (77,000 feet)

B Bing2 24 mb, (84,000 feet)
i " 3 26 mb. (80,000 feet)

The relative constancy of these figures indi=-
cates that they may be teken to represent the average
performance of this type of balloon under the particular
flight conditions employed. To carry an equipment weigh-

ing over 6 Kgm. to equivalent altitudes would therefore

have required at least five balloons per flight. Further
|
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reduction of the inflation for the atteinment of greater
altitudes, again increasing tne totel number of balloons
required, would have involved undesirable complexity of
the rigging and the launching procedure, in addition to
the greater possibility of including defective balloons.
For these reasons the 700 gm. balloons were not consider-
ed suitable for use with heavy loads, and a more robust
type was obtained, Balloons of this latter type have
given very satisfactory performances, and have therefore
been used in all flights, They are made of thicker
rubver than the 700 gm. type; the unstretched cdiameter
is about © feet, and the nominal weight is 4% Kgnm,
Because of the combined efiects of ultraviolet
light from the sun, the inﬁense cold, and atmospheric
ozone, balloon rubber perishes rapidly at high levels in
the atmosphere, and thereiore the free 1lift given to the
balloons on inflation must be sufficient to ensure a
reasonably fast rate of ascent if great altitudes are to
be attained, For the same reason, there is little to be
gained by arranging the free lifts in relation to the
load so that the equipment will float at a constant
pressure level after the bursting of the first balloon,
The duration of a flight, and therefore the statistical
éccuracy of the cosmic ray data, are decreased as the
rates of ascent and descent are increased, but this was

not considered to be of prime importance as the statistical
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accuracy could always be improved by repeating the
flight with an identical equipment. The attazinment of
great altitudes was the first consideration in &all
flights.

The 4% Kgm. balloons have proved generally
capable, when inflated with hydrogen to a free 1lift of
about 1 Kgm., of carrying a load of 3 Kgm. per balloon
to an altitude-ﬁf over 90,000 feet (about 15 mb.). The
rate of ascent is then 950 to 1,050 feet per minute,

Two balloons were used in each of the flights Fl-F8 and
¥12-Fl13, the transmitters weighing 5,740-6,532 gm., and
in F17 with a transmitter weighing 3,493 gm. Three
balloons were reqﬁired in flights F9-Fll because of the
greater load (gbout 93 Kgm.), and in flights Fl4-F16 owing
to the importance of reaching the maximum possible alti-
tude. Details of the loads, inflations, and balloon
performances in eech flight are given in tabular form in
Chapter 4,

Parachute.

Owing to the high probability of all the ball-
oons bursting at the point of maximum altitude, or of any
surv.iving balloons being destroyed by perishing of the
rubber during the early steges of the descent, it was
necessary as a safely precaution to include a parschute

in the balloon rigging. The sizes of the parachutes
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which were square Or hexagonal in shape, were adjusted
in accordance with the weight of the transmitter to pro-
vide an area of about 1 square foot per 100 gm. of load.
On most occasiéns the velocity of descent by parachute,
though rapid in the rarified atmosphere at high altitude,
decreased exponentially to under 1,000 feet per minute
before reacning ground level, This was satisfactory
from the point of view of safety, a significant amount
of cosmic ray data could be recorded during the descent,
and the transmitter was generally recovered in fairly
good condition,

General arrangement of rigging.

The lower part of the rigging was arrenged as
shown in Figure 30. The equipment is supported in
flight by two cords, the lengths of which are adjusted

to leave a small amount of slack on the zerial,

inside parachute material
1
Aerial wire

A}
A}
¥ ,1
‘f
'f
% Parachute
_19¢ an

" 10" cords

20" diameter
hoop =~--

JLight bar to keep
| | l«¥applied strain vertical

% 5' cords |
¢--Equipment
A

Figure 30. Lower part of rigging.
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The top ends of these cords are attached to the pare-
chute strings,. which pass round a light hoop, and are
tied one to each corner of the parachute, The hoop,
20 inches in diameter, is made of aluminium strip cross-
braced with fine steel wire for increased rigidity.
Its function is to facilitate opening of the parachute,
The upward pull of the balloons is applied to the central
point of the perachute in the manner shown in Figure 30,
The arrangements of the upper part of the
rigging for a 2-balloon and 3-balloon flight are shown
in Figure 31, Long connecting cords are used to re-

duce the angle of sway during a flight, The bslloon

(a) (b)
Figure 3!. Upper part of rigging.

cords are mainly No, 1 gauge cotton string, but cotton
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tape, of softer texture than the string, is used where
chafing between balloons and rigging may occur, The
tepe cannot safely withstend the combined pull of two
balloons, end is not used to protect the lowest balloon
in Figure 31(b). In practice, during the early stages
of an ascent at least, it is noticeable that the lower
balloons fly well clear of the cords attached to the
upper ballooné; so the use of tspe may be guite an un-

necessary precaution,

Release mechanisms,

From flight Fll onwards, relesse mechanisms
designed to Jjettison the remains of burst balloons were
included in the rigging. The need for some such de=-
vice was apparent in flights F5 and F1l0 when all balloons
burst at maximum altitude, and an abnormally rapid des-
cent rate indicated failure of thé parachute to open

(19) have

properly, Although observations in the Arctic
shown that a rubber balloon tends to disintegrate com-
pletely rather than merely rip on bursting at high alti-
tude, this failure mey have been due to the drag on the
!centre of the parachute exerted by an unusually large
' mass of torn rubber adhering to the necks of the balloons,
Figure 32 shows the design of the relesase

mechanisms, They wvere placed at the points marked "X"

in Figure 31, the rigging being hooked together by
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fitting loops of brass wire attached to the balloon

cords into-slofs cut in aluminium plates. The plates

Figure 32, Release mechanism,

are shaped to allow the loops to slip off easily without

entangling, on removal of the upward pull of the balloons,

while the slots are sufficiently long to minimise the
possibility of the balloons coming adrift while intact,
The order of bursting of the balloons is immaterial, and
so long as one balloon survives the other for a short
time it is probable that the debris of the remainder
will be Jjettisoned,

No direct evidence about the efficacy of these
devices has been obtained, The aanger attached to
their use was shown in flight Fl7, when a balloon came

adrift at teke-off, but conditions on this occasion were

' not normal, This balloon, which had been recovered

' from the previous flight, was being re-used to give
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extra free 1ift, It had become stretched to well be=-
yond its normal size, and in a moderate surface wind

was not stable in flight,
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CHAPTER 3.,

THE GROUND STATION.

The ground station was located in the Natural
Philosophy Department of Edinburgh University. This
site was by no means ideal as regards freedom from elec~-
trical interference, and because of the confined nature
of the only nearby launching area, a courtyard some 35
yards square surrounded by high buildings, a flight
could be safely released only under very calm surface
wind conditions, These disadvantages were outweighed,
however, by the practical convenience of having the
ground station permanently installed in the laboratory,

The receiving eqguipment is shown in Figure 33,
and the various items may be identified from the block
diagram in Figure 34 where the same layout is preserved,

The pressure and temperature frequencies
transmitted by the radio sonde are measured by the stan-
dard method of applying the A,F, output of the receiver
to one pair of deflector plates of a cathode ray oscillo-
graph, while the output of a standard variable audio
oscillator is fed to the other pair, When the two fre-
quencies are equal a stationary loop appears on the
oscillograph screen, During a flight, the transmitted
signal alternates between pressure and temperature fre-

quencies, which themselves are slowly varying. At short
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Figure 33. Ground station equipment.
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Figure 34. Ground station - block dimsgram.
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time intervals each frequency is measured, to a reading
accuracy of 0.l c./s., by adjustment of the standard
oscillator for a stationary loop on the oscillograph,
and the pressure and temperature frequency records are
manually plotted against time,

The standard oscillaior (Muirhead R.C. qsci—
llator type D-207-A) is the same instrument used in the
calibration of the transmitter pressure and temperature
units, and therefore its absolute accuracy of frequency
is less important than its frequency stability. The
absolute accuracy was repeatedly checked by comparison
of the oscillator output with the fundamental and har-
monic frequencies of various tuning forks, and, with
greater accuracy, by counting the peaks of the sinusoiadal
output waveform over a known interval of time on an
electronic scaler, At no time during these tests was
the oscillator calibration at any point in the range in
error by more than 0.8 c¢./s., and the stability at all
frequencies over a period of three years has been better
than 0.3 c./s.

The cosmic ray signals are detected, amplified,
and used to operate a pen recorder (Esterline-Angus
Graphic Ammeter) which provides a permanent record of
the counts, An electricel contact operated by the min-
Iute hand of the plotting clock actuates a relay in the

pen recorder and produces on the paper chart a succession
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of timing merks at one minute intervals, This allows
the cosmic ray data to be correlated to the pressure
and temperature records,

Receiving aerials.

Owing to the orientation of the transmitter
aerial during a flight, the transmitted signals are
vertically polarized, and best reception on the ground
is to be expected with a vertical receiving aerial.

For meximum range of low angle pick-up, and minimum
level of locally generated interference, the most atira-
ctive position for the receiving serial was on the top
of the tower of the Departmental building. This tower,
80 feet high, is surmounted by a 38 foot flagstaff to
the top of which runs the heavy copper earth lead of a
lightning conductor, Because of space restrictions, a
vertical aerial mounted on the tower could not have been
separated from the lightning conductor by more than
about a quarter wavelength at the carrier frequency in
use, and as a result would have possessed undesirable
directional properties in a horizontal plane, This
difficulty could only be avoided by using the lightning
conductor itself as the aerial, A gap, left bridged
except during a flight, was therefore cut in the con-
ductor 19'6" from the top, and the isolated section
adapted to form an end-fed half-wave dipole, The

impedance of this aerial is about 3,000 ohms, and a
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step-down transformer was necessary to match it to the
80 ohm concentric cable used for the down-lead to the
receiving equipment, An auto-transformer in a weather
proof container was constructed for the purpose, and the
optimum step-down ratio of about 6:1 found by experiment
on a radio sonde signal,

The transmitter serial radiates no power in
an end-on direction, and therefore very poor signal
strength is to be expected during a flight when the
transmitter is almost directly above the ground station.
The severity of this efiect depends to some extent on
the characteristies of the receiving aerial, and it is
reduced to a minimum by the use of a receiving aerisl
which responds efiiciently to high angle radiation, It
was found during the Test Flights that the vertical di-

pole, though otherwise satisfactory, did not adequately
fulfil | this requirement, and a second aerial was there-—
fore erected, This alternative aerial, a centre-fed
horizontal half-wave dipole, positioned three-quarters
of a wavelength above a flat roof, has maximum response
in the vertical direction, and it was used when necess-
ary to provide the high angle pick-up. In this connec-
tion its directional property in a horizontal plane is
not a serious disadvantage. 80 ohm concentric cable
Was agein used for the down-lead, no matching trans-

former being required since the aerial was centre-fed,
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Receivers.,

The mein receiver was a sensitive commercial
superheterodyne A.M. set, covering the range of fre-
quencies 20-36 Mc./s. A low noise R.F,, oscillator
and mixer circuit is followed by four stages of I.F¥.
amplification at a frequency of 5 Mc./s. The I.F.
bandwidth, with each stage tuned to 5 Mc./s., is 16
Ke./s., at 6 db, down, which is ample for the reception
of the 700-1,000 c¢,/s. audio frequencies, and sufficient
to preserve the shape of the cosmic ray pulses, The
detector and output stages in the A.M. receiver were
used only to operate the telephones,

Although the transmitted carrier frecguency is
primarily amplitude modulated, the simple Hartley R.F.
oscillator in the transmitter is deviated in frequency
to a marked extent by variations in its control grid
bias, and as a result the R.F. output is also frequency
modulated by the audio oscillator, This made it poss-
ible to use an F.M., superheterodyne set (constructed by
Mr. I.M., Hunter, T.R.E,) as an auxiliary receiver. F.M,
reception gives a better signal to noise ratio, and the
auxiliary receiver was therefore used for measurement of
the audio fregquencies when external interference was
severe, The sensitivity is no better than that of the
A.M. set, however, and at low signal strength noise cap-

ture of the discriminator stage causes intermittent
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reception of the desired signal, and makes continual re-
turning of the R.F¥. circuils necessary. For this rea-

son the F.M, receiver was not used for detection of the

cosmic ray signals.

Selective A.F, amplifier,

The sudio frequency output of either the A.M,
or the F.M., receiver could be passed to a selective
amplifier designed to cover the required frequency
range in five switched steps. The resonant freguency

of the amplifier is determined by two tuned L.C. circuits,

+350 V.
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Input from oOUT OUT? Output to C.R.O. ~
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Figure 35. Sclective audio amplifier circuit diagram.

various capacitors being connected across the fixed in-

ductors L1 and L2 (Figure 35 ") in the different switch

For component values see page 119
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positions., The bandwidth is about 130 e¢./s. for half
response, and therefore five suitably spaced centire Ifre-
quencies give adequate coverage of the important range
720-950 c./s. - The response curves shown in Figure 36,
in which a gain of unity is teken as the reference level
(0O db,) show that a voltage amplification factor of at
least 4 (12 db,) is available over the desired frequency
range. The improvement to be expected from this ampli-
fication, and from the attenuation of all noise fre-
guencies outside the bandwidth of the amplifier, is not
entirely realised in practice, Without the selective
amplifier, noise appears on the oscillogreph trace in
the usual form of "mush", and its eppearance bears no

relation to the audio frequency being measured. When
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Figure 36, Selective A.P. amplifier response curves.

the amplifier is used, those components of the noise fre-

quencies lying within its pass-band are emplified, and
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they combine with the output of the standard oscillator
to produce moving Lissajous' figures, which make it
difficult, at low signal strength, to identify the de-
sired signal. ~In spite of this limitation on its
efiiciency under exceptionally noisy conditions, the
selective amplifier does in general make an important
contribution to the sensitivity of the ground station,

Pulse amplifie}.

The function of the pulse amplifier is to de-
tect and amplify the cosmic ray signals, and to pass
them to the pen recorder, The detector in the A.M, re-
geiver was found to be relatively insensitive to the
quiescent periods in the carrier freqguency, and a more
efficient response was obtained by feeding the 5 Mc./s.
output of the last I.F, stage to a leaky grid detector
included in the pulse amplifier chassis, The control
grid of this valve (V1 in Figure 37 *) is driven nega-
tive by the I,F, signel, and when this signal is quenched
during a cosmic ray pulse the control grid rises momen-
tarily to a more positive voltage, Proper choice of
the time constant of R1l, Cl, gives the optimum emplitude
of the positive pulse at the control grid, and therefore
of the negative pulse at the anode of V1. For con-

venience the components Rl and Cl are mounted in the A.M,

*
For component values see page 120
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receiver, and a short fly-lead carri®s the I.F, signal
direct to the top-cap of V1 in the pulse amplifier im-

mediately below,

A.F. Output to C.R.O.
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Figure 37. Pulse amplifier circuit diagram.

The negative pulses at V1 anode, of duration
J0 milliseconds, must now be amplified, and the 700-
1,000 c./s. audio frequency signals appearing at the
same point filtered off, The signals are therefore fed
through a low-pass filter R4, C4, C5, amplified by V3
which is normally conducting, and again fed through the
filter R9, C8, C9. These filters remove the audio com-
ponent without greatly affecting the pulse shape. The
positive pulses from V3 anode are of sufficient amplitude
to raise the bias on V4 which is normally cut-off, The
value of this bias is the main factor in determining the
sensitivity of the pulse amplifier, since it fixes the
minimum amplitude of the pulses which ere passed to V5

and Vo for further amplification. If the voltage is set
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too low interfering signals of small amplitude will be
amplified and registered by the pen recorder, If the
bias is too great the sensitivity to cosmic ray pulses
at low signal strength may be seriously reduced. The
values of the resistors R13 and R14 forming the cathode
bias potentiometer are therefore critical, and are
selected to give the best possible compromise, R10O is
a pre-set gain control which can be used to reduce the
sensitivity of the amplifier if interference is severe,
Suppression of electrical interference is
greatly eased by the system adopted for the transmission
of the cosmic ray pulses. On receipt of a cosmic ray
signal a negative pulse appears at the anode of V1,
whereas interfering signals drive V1 control grid more
negative and produce positive pulses at V1 anode, When
a positive pulse appears at this point, the diode V2 im-
mediately conducts, and the signal is not passed on to
V3. Interfering signals are still recorded if an in-
dividual pulse or a rapid succession of pulses is of
- sufficient amplitude to drive V1 control grid consider-
ably below its static bias, After the burat of inter-
ference is over the control grid rises sharply to its
normal bias, and the effect is equivalent to the onset
of a cosmic ray signal, In practice the occurrence of

heavy interference is infrequent in the early hours of

‘the morning, when traffic on nearby streets is light,
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and, except when the transmitter is nearly out of range,
the receiver gain can be reduced sufficiently to prevent
undesired signals being registered, Any false pulses
which do come through the filter circuits are usually of
such a nature as to be easily recognisable on the pen
recorder tregce.

The negative pulses at V4 anode are not of
sufiicient amplitude to operate the pen recorder, and
the inclusion of further stages V5 and V6 is necessary.
V5 is normelly conducting, and the positive pulses from
its anode are fed to V6 which is normelly cut-off,. The

pen recorder forms part of the anode load of V6. V6 is
saturated by the positive pulses from V5, except at ex-
tremely low signal strength, and so the amplitude of
swing of the pen recorder needle is nearly independent
of the strength of the carrier signal, and depends
meinly on the pulse duration, With the circuit arrange-
ment showm in Figure 37 the recorder needle is deflected
by about 3 cm. at each coincidcnce.,

It was found during the Test Flights that oper-
ation of the ground equipment would be eased if the
sensitivities of the audio freguency and pulse channels
were balanced, so that both could be set to a suitable
operating level by adjustment of the receiver gain con-
.trol. When using the output stsge in the A.M. receiver

to feed the oscillograph, the audio sensitivity was too
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low, and a more suitable level was obtained by taking
the audio frequency signal from the anode of V1 in the

pulse amplifier,
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Components list for selective audio amplifier;.

(Figure 35)

Code Value Rating Code Value Type
No. (ohms) No. (pf.) PO ey
BT 500K 3 | e 0,00  mica

R2 500 % c2 0.02 "

R3 100K 1 C3 0.03 "

R4 10CK ¥ 3 . C4 0.05 .

R5 47K % i C5 0.01 "

R6 500 3 cé 0.02 "

R7 1M % CcT 0.03 "

R8 150K 1 c8 0.05 "

R9Y 18K 3 | €9 0.07 " 3%

V1 Brimar 6J7G Cl0 0.07 "] tolerance

Ve ¥ " . Cll 0.5 paper tubular

11 0.36H |mumetal cl2a 095 " R

L2 " core Cli3 50 electrolytic 1l2v
Cl4 16 % 500v
i5 . ‘50 " 12v

All fixed resistors are of carbon type, 20% tolerance,
Cepacitors Cl-C8 are of selected values within 204 toler-

ance range of stated capacitance,
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Rl

R2
R3
R4
R5
R6
RT
R8
R9
R10
R11
R1l2
RL3
R14
R15
R16
R17
R18
R19
R20

R21

100K
1.5M
280K

2M

470K

100K
600
470K
2M
1.5M
100K
30K
oK

1l.5M

oK
470K
10K
50K

060K

%

E

o=

S © | B - Y = WV S . R -

rols
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ance (%) |
2
20
10
2V
20
20
20
20
20
(ver.)
20
20
5(ww)
5(ww)
20
20
20
20
5(WK)
5(ww)

5(ww) i

No,
c1
cz
C3
C4
C5
C6
CT
c8
CcS
clo
Cll
cl2
Cl3
Cl4
Cl>
V1
V2
V3
V4
V5

Ve

Components list for pulse amplifier (Figure

Code Value Rat- Toler- ! Code Value
(ohms) "ing

100pf
2ut
500pf
.0lpf
.Q5pft
2pt
50pf
-005pf
.02pt
2pt
50pf
.05uf
50pf
-0opt
50uf

Osram

37).

Type

mica
paper
mica
paper tubu-
lar
ditto
paper
electrolytic
mica
paper tubular
paper
electrolytic
paper tubulsar
electrolytic
paper tubular

electrolytic

KTZ 73M

Mullard EA 50

Osram

L

Brimar

"

KTZ 73M
"
oK7G
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CHAPTER 4.

PRESENTATION OF RuSULTS.

(i) Reduction of data.

At short intervals during each flight the
‘transmitted pressure and temperature frequencies were
measured and plotted against time, so that continuous
frequency records coula afterwards be drawn. The pre-
cision of each measurement was in general sufficiently
good for ine scatter in the readings to be negligible,
and particularly in the case of pressure it was possible
to draw a smooth freguency-time curve passing through
the majority of the points.

Suitable time intervals having been selected,
the necessary control correction was applied to the tem-
perature freguency readings, and by reference to the cali-
bration curve the data were resolved to produce a tempera-
ture-time curve for the duration of the flight. The
form of this curve varies considerably with atmospheric
conditions, but the record shown in Figure 38 exhibits
typiceal features in the initial cooling until the trans-
mitter has reached the clear atmosphere above the upper-
most cloud layer, the steady rise in temperature until
Just_after the point of maximum altitude, and the slow
drop in temperature during the descent. The final rise

in temperature, due to the equipment reaching the warmer
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Figure-38, Temperature record flight F4.

alr near ground level, is only marked when the descent is
made in clear atmospheric conditions.

The pressure frequency record was first correc-
ted for the efiect of temperature variations as calcula-
ted from the temperature-time graph in conjunction with
the temperature correction curves for the pressure unit
in use, and then the appropriate control correction was
applied. The pressure frequency-time record was then
converted to pressure-time, A typical example of this
latter curve is shown in Figure 39 (full line), A large-
scale g;aph is required, particularly in the pressure
range below 100 mb,, to avoid loss of accursecy in the
determination of the time spent within a given pressure
interval,

Although not essential for the interpretation
of the data, an altitude-time curve was drawn for each
flight, since it provides an adaitional check on the con-

sistency of pressure measurements. AL the lowest



pressures attained, a variation of 1 mb. corresponds to
a change in altitude of about 5,000 feet, so any signi-
ficant casual error in pressure measurement is likely to
be detected as an unusual deviation from the normal
linearity of the altitude-time curve in this region.,
Altitudes can be computed by division of the atmosphere
(assumed dry) into selected pressure intervals, and cal-
culation of the depth (d) of each of these layers from
the relation

P
d = 18,400 (1 + /575) loglo 1/P metres,
2

where p, and p, define the pressure intervel, and t (°C)
is the mean temperature of the layer. It wes convenient
however, to use for this purpose the lMeteorological
Office Aerological Form 2813 from which the depths of

stendara pressure intervals may be rapidly eveluated for
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Figure 39, Pressure record (full Ilnc) and altitude
record (brolun Iln:) flight F4,
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a wide range of temperatures, The necessary atmospheric
temperature information was obtained from the routine
observations of the local weather station at Leuchars,
with some rather arbitrary extrapolation at constant
temperature in the pressure range below about 100 mb,
The altitudes of the standard pressure levels, found by
summation, were used to provide a pressure-altitude
graph by means of which the pressure-time curve for the
flight in guestion could be converted to altitude-time.
The altitude record shown in Figure 39 (broken line) is
typical of most in that the rate of ascent is linear
from ground level until the tropopause is reached at
about 200 mb. The ascentional velocity then drops
slightly, but regains its former value in the later
stages of the ascent.

When the poszible error of * 1 mb. in pressure
measurement at high altitudes and the uncertainties in
the atmospheric temperature in the same region are both
taken into aeccount, it is apparent that the maximum al-
titudes given later for each flight may be in error by

1,000 feet at 75,000 feet, 3,000 feet at 100,000 feet, or
6,000 feet at 125,000 feet,

Cosmic ray data,

During each flight the cosmic ray coincidences

and the timing pulses were automatically recorded on the



peper chart of the pen recorder, registration of the
data being under practically continuous observation,

If at any time electrical interference or fading of the
signals became so severe as to make the cosmic ray re-
cord unreliable, the doubtful period was so marked on
the chart, and afterwards discarded as "dead" time,
Except during periods of poor signal strength, coinci-
dences were audible in the telephones, and it was poss-
ible to detect aurally the occurrence of two or more
counts within the period of swing of the pen recorder
needle, By monitoring the cosmic ray record in this
way the majority of spurious counts were eliminated, and
it is estimated that fewer than 1 per cent of the co-
incidences recorded outside the discarded "dead" periods
can be classified as doubtful, Sections of the cosmic

ray record record in flight F5 are shown in Figure 40.
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Figure 40, Sections of cosmic ray data record flight F5
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The slight smudging of the record, and the spparent
"ghost" pulses which are actually on the reverse side of
the chart, are due to the recorder being run at a fast
rate and rewinding the paper before the ink is properly
dry. The minute timing pulses are not shown in Figure
40, but the curved graduation lines correspond approxi-
mately to 15 second intervals.,
On completion of a flight, the minute interval

timing pulses were serially numbered from taeke-off, and
by reference to the pressure-time curve for the flight
in question, the cosmic ray record was divided into sel-
ected pressure intervals, The choice of these intervals
was quite arbitrary. Equal intervals of sltitude, and
therefore nearly constant interveals of time, are most
suitable for the statistical amalysis of the results for
a single flight, and correspond to approximately logar-
ithmic intervals of pressure,. However, when results
extending over the unusually wide pressure range 35,6 -
1,000 mb. are presented graphically on e linear scale of
pressure in conformity with normal practice, the distri-
bution of pressure intervels is unsatisfactory, and
leads either to a congestion of points in the low press-
ure region or to a dearth of points at higher pres.ures,
In the present case, the variation in minimum pressures

attained in each flight, end the distribution in press-
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ure levels at which radio communication was lost, to a
large extent prevent egual time intervals being obtained
for the consolidated results of the series, and, in the
results for flights F1-F8, since too much emphssis is
thrown on flight ¥({ which reached the greatest altitude,
the points at very low pressures have poor statistical
weight, The pressure intervals were therefore chosen to
give a reasonable distribution of points.on the coinci-
dence rate-pressure graphs when plottea linearly.

In the tables of cosmic ray data which follow,
are given the number of counts in each pressure interval,
and the corresponding effective counting times after de-
duction of any "dead" time. Except where otherwise

stated loss of cosmic ray signals was due to the trans-

mitter passing out of range,

No information was obtained in flight F3, take-
off having been attempted in unusually boisterous surface
wind conditi ons, and the aerial wire snapping near the
tank coil end at the moment of release, This trans-
mitter was recovered from Prestwick, Ayrshire. From

the time of flight it is estimated that an sltitude of at

least 90,000 feet was sttained,
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(ii) Flights F1-F8,

Flight histories,

Flight F1 2 | F3 F4
Date - |30/3/49 | 21/6/49 | 8/1/49 | 23/1/49
Total load (gm.) | 5,740 | 5,940 | 5,916 | 6,001

|

|
No, of balloons 2 : 2 . 2 i 2
Free 1lift per i

| | |
Average rate of [ } 5
ascent (ft./min,)|1,000 | 1,000 | - | 1,090
Minimum pressure | |
Maxlmumtﬁifﬁtude 101,000 | 77,000 - 105, 000
Average rate of ! i
descent (ft,/min,) 1,360 740 = . 355
Descent by - ' ? | Balloon | Balloon Balloon
Max. temp. (°C) 48 | 34 - 33
Min, tewe. ('G) | am o a0 o« ] 8

i |

Temp, at maximum '
altitude ( °C) 48 N o 50

Pressure control '
correction (c,/s.) i BEk I 078 ! Qe . st



fes
Flight 1 F5 : 6 F1 | ¥8
Date '25/8/49 ‘ 27/9/49 | 11/10/49 1/3/50

Total load (gm.) | 6,288 | 6,130 6,211 | 6,319

No. of balloons By e e

Free 1ift per | : ‘

beliaon: (ghe) 856 } 885 | 845 | 1790

Averagé*rate of

| | |
| | |
ascent (ft./min.)| 940 | 1,060 1,070 1,000
f | |
Minimum pressure ? : i
16 1 :
Gar) | | 0 | 3.6 | 45
| !
Max‘““m(?%tj““de 94,000 (102,000 124,000 | 70,000
A Xrate of |
verage rate o | '
descent  (ft./min.) 3,320 1,240 1,470 ‘ 1,220
? !
Descent by - . Parachute Parachute ? | ?
|
o | - I
Max, temp, (°C) 28 | 32 ! 515 | (R -
|
Min, temp, ( °c.) 1L 15 ‘ 7 | 11
Temp. at maximum i
altitude (°C) | 25 Shell 43k agijeieas
Pressure control ! 0.4 6.0 i e TYae
| |

correction (c./s.) |

Where no indication of any discontinuity is giwen,
ascent and descent ¥ates may be assumed approximately

linear,
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Cosmic ray data - flight Fl.

" —_— - I —— e

. .
Precssure | Ascent Descent Total

intervel | Time¥* Counts| Time* Counts | Time® Counts

o O s, e N & v A PR
1,000-900  2.50 1 - « | m.ee .
S0C-800 E 3¢33 3 - - 333 3
800-T700 3.50 o - - 3050 6
700-600 3.61 8 - - 3.61T 8
©000~500 4,08 12 - - 4,08 12
500-40C 4,58 21 - - 4,58 21
400-350 2.50 5 - - 2,50 5
350-300 5.00 21 - - 3.00 21
300-250 D29 22 ; - - J3.25 22
2565018 |30 g6 Y| = - = | gpc =6

Ground level test 1,200 1,148

Transmission of cosmic ray data stopped 34,5 minutes
after teke-off, at a pressure of 218 mb., probably due
to feilure of the E.H,T. rectifier filament battery.

Transmitter not recovered.

Times are calculated to nearest 5 sec. (0.083 min.)
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Cosmic ray data - flight F2,

Pressure ' Ascent Descent

1 Total
interval Time Counts | Time Counts| Time Counts
(mb, ) (min, ) ‘(min.l________*‘éié.)

1,000-900 = 2,50 4 ! = -~ | 20 A4
900-800 i 2,92 - I = i 5,82 3
800-700 | 3.58 g A ar < | B
700-600 | 3.58 el 2 i 3,58 16
600-500 | 3,92 15 ? - - ; 3,92 15
500~400 4,58 217 } - - : 4,58 27
400-350 2,50 A Wi : é 2,50 16
350-300 | 2,75 N « | 25
300-250 | 2.83 et BAE & % 2,83 21
250-200 i 3567 39 - b et 2
200-150 | 5.67 ® - i 5,67 718
150-100 | 9.67 - o R - | 9.67 16l
100-80 | 5.4 81 i ? = T w g gy
80-60 | T.42 188 el 5 - 7.42 129
60-43 i_ 5.8 100 ‘ - - 5.83 100

Ground level test |1,260 1,207

Transmission of cosmic ray data stopped 67.5 min. after
teke-off, at a pressure of 43 mb,, due to failure of the
E.H.T. rectifier filament battery,

Landing point - Cardrona, Peebleshire,



Cosmic ray date - flight F4.

Pressure | Ascent | Descent |
intervel Time Counts Time Counts
(mb. ) (min, ) (min, )
1806000l 2075. 5 | - . -
900-800 | 3.08 4 | - -
800-700 | 3.50 3 | - -
100-600 | 4.7 13 | - -
600~500 | 4.3> 13 | 5.58 10
500-400 | 3.17 18 | 6.75 26
400-350 | 2,58 11 | 4.00 28
350-300 | 2,83 19 | 4.67 35
500-250 | i30T 21 | 581
250-200 | 3.58 28 é 675 T2
200-150 | 5.00 63 | 7.2 9%
150-100 | 8.67 132 | 11.00 134
100-80 | 5,08 90 | 5.58 97
80-60 ! 6.92 129 i 607 109
60-40 i 9,50 173 | 825 - 139
40-20 (13,00 240 13,00 237
20-10 ¥11.67 224 | 7.83 W4T
10-9.9 J Ty i - BT

Total

Time Counts
(min, )
Etmas
3,08 4
5450 3
4,17 13
Y9s92 23
9.92 44 ‘
0,58 39
7.50 54
8.84 ol
10,33 99
12,42 159
19,67 266
10,67 187
15,25 248
L8 312
26,00 477
19,50 J71
Q.55 6

Ground level test

Lending point - Duns, Berwickshire,

1,401 1,341
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Cosmic ray data - flight F5,

Presuure w. Aécant ‘ Descent I Total
interval : T%me Counts‘ Tlme Counts | T@me Counts
(mb, ) u(mln.q o (min. ) {(m;n.{_r_‘__.m_
1,000-900| 3.33 4 | - ISR T 4
900-800 | 385 3 | - | 325 3
8005760 | st | s = 5,58 4
700-600 i 3.92 17 S L - | 3.92 10
660-500 | 4,25 13 - SR T R
5002400 | 4.67 23 | & & laay e
igoesse |z dir | 2 2b o Eset . ag
350-300 | 2.67 v S (N = | 2.67 19
300-250 pLopr 2B - = 2.92 22
250-200 T N = 2,58 22
200-150 485 k% - - 4,83 41
150-100 8.17 144 = 5 | 8.a7 44
100-80 | 4,75 88 = = | 4.75 88
80-60 4,92 92 > - | 4.92 92
60-40 | 4,00 93 L - | 4.00 93
20-16 L_6'17__“%33___L_“' i E Ny -
Ground level test | 995 950

heception was intermittent in the latter stages of the
ascent, and the descent was too rapid for reliable pres-

sure measurements,

i Landing point - Balerno, Midlothian.
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Cosmic ray data - flight F6,.

Preésure]
interval | Time
(mb.) | (min.)

|

1,000-900  3.50

900-800 | = 3,33
800-700 | 3,58
100-600 | 3.58
600-500 4.08
500-400 |  4.50
400-350 2,42
350-300 | 2.83
300-250 | 3.25
250-200 3.58
266-150 4,92
150-100 7.00
100-80 | 4,17
80-60 515
60-40 8.25
40-20 | 14,08
20-10 | 16.50

Ascent
Counts| Time

10
15
il
23
26
40
Tk
11
71
12
18
31

5

| Descent

(min, )

2,92
4,83
3,25
3.50
4.08
4.75

| 6.08
9 ; 35

| 4450
5 4.50
0o | 8.83

¥ gaig

10

a2

29

168

/s P

Ground level test

Total
Counts| Time

Counts
' (min,)
| 3.50 4
3¢33 )
3,58 5
3.58 9
7.00 20
9.33 37
5.67 28
6,33 47
1,33 68
8,33 85
11,00 162
14.33 241
8.67 164
10.83 219
12,75 284
22,93 478
23.67 518
il,l90 1,123

Lending point -~ Chirnside, Berwickshire.
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Cosmic ray data -flight F7,

[
Pressure

e o

1 Ascent Descent ! Total
intervel | Time Counts  Time Counts | Time Counts
(mb.) | (min.) (min, ) | (min,)

1,000-900 3.35 4 | - < | mamE 4

900-800 | 3,50 5 - o Wi 5

800~700 | 3461 6 - - 3467 6
700-600 4,08 12 - - 4,08 12
600-500 é 4.56 18 - - 4420 18
500~-400 2:25 24 - = 5.25 24
400~350 3547 22 - - F+d7 22
350-300 J+25 2l - - 3.25 21
300-250 Jeb2 34 - - 3.42 34
250-200 4,17 52 - - 4.17 52
200-150 5.58 81 - - 5.58 81
150-100 9.33 164 - - 9.37 le4
100-80 | 5.17 99 - = Bed 99
80-60 ! 2.42 110 - - ! 5.42 110
60-40 | 8.83 190 - =0 | s 186
40-20 | 23,1 310 13,83 318 27.00 628
20-10 1167 254 | .75 216 2l.42 470
10-3.6 3.7 350 i 9.42 202 ; 24,58 552
Ground level test | 1,396

Transmitter not recovered.

1,440
!
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'Cosmic ray data - flight F8,
|

Pressure Ascent Descent Total
interval | Time Counts| Time Counts | Time Counts
(mb, ) (min. ) | (m;fi) (min, ) Sl & |
1,000-900 3,35 4 ‘ - = 3,35 4
900-800 Sk By | - - 3442 3
800-700 35, 1 ‘ - - 3.15 1
700-600 e 4 O ; - - 4,17 14
600=500 | k2. 1bol |- e 2 4042 14
500-400 5,08 25 - = | B8 25
400-350 | 2.83 14 2.42 14 % 5.25 28
550=300 2,83 22 2,25 15 | 5.08 37
300<250° | 311 29, | 342 38 6.58 61
250-200 | 3.67 52 | 4.33 55 | 8.00 105
200-150 575y ke 5.17 61 : 10.93 126
150-100 | 8.33 154 | 6,00 107 ! 14,33 - 261
100-80 | 5.67 114 | 3.08 68 | 8.75 182
80-60 | 6.17 120 4,17 87 ; 10,33 201
60-45 i 7.67 166 230 66 | 10,85 .. 226

Ground level test [1,170 gl

Landing point - Allendale, Northumberland,
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Consolidated cosmic ray data - flights F1-F8,

Pressure Ascents Descents Total
interval Time Counts Time Counts Time Counts
(mb. ) (min, ) (min. ) (min, )
'1,000-900| 21,25 26 - - 21,25 26
900-800 22,83 27 - - 22,83 27
800-700 25,17 38 - - 25«10 38
700-600 ! A R | 82 - - 27.17 82
600-500 } 29.;8 95 8.50 20 38.08 135
500-400 31,83 153 11.58 48 43,42 201
400-350 | 18,50 96 9.67 59 | 28.17 185
550-300 ! 20.17 137 10.42 76 30,58 23135
300~250 22,00 181 E Iyl Wy 4 114 35,117 295
250-200 24,25 255 15,83 169 40,08 424
200-150 31,75 405 | 18,67 248 | 50.42 653
150-100 ! 51,17 874 | 24,33 363 159:00 1,237
100-80 30625 243 | 12171 258 43.42 801
80-60 36,58 708 15.58 296 ST 1,005
60-40 44,08 907 i 412,92 298 60,00 . .1,205
40-20 40,25 860 35.67 123 15,92 1,583
| 20-10 46.00 984 24,75 504 10,75 1,488
10-3.6 15433 392 9.58 206 24,92 258 |
Ground level tests | 8,656 8,282
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Calculation of counting rates - flights F1-¥8,

In adcition to the depression of the counting
rates by a constant factor (shown to be Jjust under 0,5
per cent for a triple coincidence telescope) due to the
intrinsic inefiiciency of the counters, three further
corrections have to be considered in calculating the
true counting rates from the observed data.

Firstly, allowance must be made for the loss
of triple coincidences owing to the finite recovery time
t, of the counters. This redwes their individual

N, &

efiiciencies by a factor e , where N. is the back-

1
ground counting rate of a single counter, The magnitude
of this correction varies with the intensity of the total
omniairectional cosmic radiation, which, in the 40 mb.
pressure region, reaches a maximum value of some 200

times the ground level intensity, At grounda level the
counters in use have a background rate of about 25 counts
per minute aue to cosmic radiation, and so the maximum
value of Nl is about 5,000 counts per minute, The effec=-
tive recovery time tl has been shown to be 75 microseconds,
giving a maximum correction of just over 0,6 per cent perj
counter, and tierefore of 1,9 per cent for the three |
counter telescope, In computing this correction for the

various pressure intervals, the values of N, have been

;aken from the results obtaim.d by Bowen, Millikan and
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and Neher(zo) at geomagnetic latitude 60°N.

The second correction, of opposite sign to all
the others, takes into account the effect of accidental
triple coincidences, As mentioned before, the rate of
occurrence N of accidentel triple coincidences is

123
given sufiiciently accurately by the relation

4 2
Byp5 = SMgioBsts
uhere Nl, N2 and N3 are the counting rates of the in-
dividual counters, and t2 is the resolving time of the

associated circuitry, Taking Nl== N, =-N3 = 5,000
counts per minute as a maximum, and t2 = 5 microseconds
as found by experiment, the meximum rate of accidental
coincidences is of the order of 1 count per 6 hours, so
the contribution to the counting rastes from this source
is negligible,

The third correction is necessary to aliow for
counting losses occurring during the 30 millisecond

period t.j of the flip-flop cycle, This insensitive

period reduces the coincidence rate N by a factor e NEs E
In flights F1-F8 the value of N varied from just under 1
count per minute at ground level, to Jjust over 22 counts
per minute at the highest altitudes reached, The corre=-

ction is therefore negligible at ground level, but in-

creases to 1,1 per cent at low pressures.
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In the table which follows are shown the con-
solidated counting rates for the seven efrective flights
of this series, together with the mean pressure levels
in the selected intervals when weighted with respect to
time, The standard statistical deviations and the total
percentage correction to be added to each counting rate
are also listed, and it will be observed that at low
pressures these‘quantities are of the same order of mag-
nitude.

The results, with corrections applied, are pre-

sented graphically in Figure 41,



Consolidated counting rates - flights Fl-¥8,

=ldi=

Observed

Pressure Mean
interval |weighted counting
(mb.,) |pressure rate
(mb. ) Hbounts/minJ
1,000-900 | 949 1,22
900-800 849 1.18
800~700 748 Le2d
700-600 648 3.02
©00-500 548 3.02
500-400 | 448 4,63
400-350 i 374 5.50
350-300 | 324 6.97
300-250 ! 274 8.39
250~200 224 10,58
200-150 173 12,95
150-100 l 122,5 16,38
100-80 89.5 18,45
80~60 69,3 19,26
60-40 49,1 20.08
40-20 28,3 20,85
20~10 14,4 21,03
10-3,.6 6.0 22.39
GESEE 1,007 0.957

Standard | Total
s?at%st@cal i Correction
deviation (%)
(counts/min,) ‘

0.24 ‘ 0.5
0.23 ‘ 0.5
0.25 ! 0.6
0,33 | 0.8
0,28 0.8
Q.33 0.9
ke | | - 2.0
0.48 | 1,2
6,48 © | au
0.51 ; 1.9
.51 1 L3
0.48 i 2o
6.65 | 3.
0.61 Jsi
0,58 3.4
0.52 3.4
0.55 Je3
0.95 3¢3
0.011 0.5
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(iii)

Flights F9-=F11,

Flight histories.

~143-

Flight F9 Fl10 F11
Date 8 May 50 2 June 50 | 22 Qct 50

Total load (gm.) 9,447 9,518 9,493
Number of balloons 3 J 3
Free lift per

e lides (o) 800 760 786
Average rate of .
ascent (ft./min,) 980 P30 Sl
Minilmum pressure

: : ' |
MQle“?fflglt“de 108,000 93,000 | 109,000
| l -
Average rate of 1,153 2,770 1,400
descent (ft./min,) |
|

Descent by - ? Parachute | Balloon
Meximum temp, (°C) 33 29 38
Minimum temp, (OQ) 10 6 r
Temp, at maximum
altitude (32) 32 28 35
Pressure control -
correction (c./s.) Qeb 0.9 0.7
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Cosmic ray date - flight F9,

_;;essuré Ascent ‘ Descent | Total
‘interval Time Counts| Time Counts Time Counts
(mb. ) (min. ) . (min,) (min, )
1,000-900| 3,83 Q - - 3,83 0
900-800 A2 0 - B 3.42 0
800-700 | 3.58 0 ‘ - - 3,58 0
700-600 3,67 0 - B 3.67 0
600~500 | 4,25 e | = - 4,25 0
500-400 4,58 2 E 6400 0 10,58 2
400-350 2,67 L. o 35 1 6.42 2
350-300 | 2,75 - - 2. 15 0
300-250 3,00 0 - - 3.00 0
250-200 3:83 1 6.08 3 9,92 4
200-150 4,50 2 | 6492 5 11,42 1
150-100 7,92 5 | 8.92 7 16.83 12
100-80 4,33 1 | 425 5 8.58 6
80-60 6,08 4 |55 7 11,42 el
60-40 842 12 | 1.08 15| d5556 « oF
- 40-20 13,42 16 10,33 15 2315 31
| 20~10 T 25 8.83 10 22,00 35
- 10-8 | 5.00 8 2,42 615" T2 14

Landing point - Hurlford, Ayrshire,
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Cosmic ray data - flight FlO,

Pressure |
interval

Ascent

Time

(mb., ) i(min.)

1,000-900 3,33

900~800
800~700
100~600
©00~500
200-400
400-~350
350-300
300~250
250-200
200-~150
150-100
100-80
80~60
©0~-40
40-20

20-16

3425
3.58
312
4.42
5,67
2492
3617
B )
5,00
1042
12,00
3.07
10,67

10,83

20,17

8.17

Counts |

D 10 o LN TP 0 WD e e

S

19
17
40

18

Descent |

Time
(min, )

2,50
2092
3.00
1.50
1,75
2,00
2,08
2.42
2,67
1.08

1.67

Counts |

t
|

- 0O W KON & HF & 0 o ©

n

Total

Time Counts
| (min, )
3633 0
J52d 0
3.58 (6]
6,25 0
133 0
8,67 2
4.42 2
4,92 1
579 0
7.08 =
9.83 >
14,67 12
4,75 )
12,33 23
12,83 19
23.00 47
8,17 18

Initial descent rate too rapid for reliable pressure
measurements,

Lending point ~ Colinsburgh, Fife,
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Cosmic ray data -flight Fll,

Pressure Ascent ! Descent ; Total
interval Time Counts | Time Counts Time Counts |
(ab,) | (min.) | Gained : (il
1,000-900| 3.85 0 | 2.50 0 | 6033 0
900-800 3.7 0 2.85 0 6.00 0
800-700 i © 335 © 7.08 0
700-600 .68 0 3.56 O 7.58 0
600-500 4,33 0O %75 0 8.08 0
500-400 5,00 O 4.25 0 9,25 0
400-350 2,08 0 505 0 | 4.83 0
350-300 | 3.50 O 3,08 0 | 6.58 0
300-250 | 3is2 1 3.33 © 675 1
250-200 | 4.00 4 4,08 2 8.08 6
200150 | ‘508 5 | @5 3 9.85 8
1505100 | se 0 | ez 1 | 13433 8
100-80 f 4.50 5 285 30 | 150 8
80-60 | 5.15 9 3.50 4 ‘ 9.25 13
60-40 i g 1l 582 & i 19,58 15
40-20 | 14.50 31 5,08 8 | 19.58 39
s | e 5 9.17 20 i 21075 430 |
10-7 8.08 18 8,00 20 j_la.oa 38

- Initial descent on two balloons, second balloon bursting

at 50 mb.

Transmitter picked up by trgwler in Firth of Forth,
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Consoliuated Cosmic ray data - flights FI9-Fll,

Pressure Ascents Descents LTotal
intervel | Time Counts Time Counts Time Countq
(mb. ) (min.) (min, ) (min, )
1,000-900| 11.00 0 2,50 0 13,50 0
900~800 9,83 0 2,83 0 12,07 0
800~700 10,58 C 3633 0 13,92 0
700-600 11,50 @ | 5500 0 17,50 0
©00-500 15,00 0 } .67 0 19.67 0
500-400 15,25 4 | 13.25 0 28.50 B
400-350 T1.67 3 8.00 1 15,07 4
320-300 ~9.42 0 4,83 d. 14,25 1
300~250 10,17 i 5033 0 15,50 1
250~200 1:,83 1 12,25 7 25,08 14
200~150 17.00 9 14,08 9 | 31.08 18
150-100 2T.42 21 17.42 1l 44,83 32
100~80 12,50 1 8.17 8 20,67 15
80-60 22,90 . 32 10.50 15 33,00 41
00-40 | 27.42 40 13,50 21 40,92 6l
40-20 | 48,08 87 18,25 30 60,33 117
| 20-10 | 33.92 70 | 18,00 30 51,92 100
- 10-7 15,08 26 10.42 26 23,50 52

. Ground level test - Fll equipment only 5,,160. 25
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Calculation of counting rates - flights FO9-Fll,

Owing to the greater multipliicity of the gen-
uine coincidences observed in this ceries of flights, the
correctiion due fo accidental counts is not significant,

Because of the low coincidence rate the loss
of counts during the inective period of the flip-flop
cycle is never grester than 0,1 per cent,

The';orrection due to the inherent inefficiency
of the counters is, to a first spproximetion, =bout 0.8
per cent, This correction, clready negligible in view
of the statistical uncerteinties of the datz, is probzbly
too high since many of the observed events will have been
large showers with seversl particles passing simultzn-
eously through some of the counters,

The only appreciable correction is that re-
guired to offset the loss of coincidences during the
counter recovery period. Celculatea as before, the
maximum loss of counts is about 3.1 per cent in the re-
gion of 40 mb, atmospheric pressure.

Wiith the pressure intervals selectied, tine
statistical devietions at high sltitude are of the
order of 10 per cent, The maximum totsl correction
of 4 per cent is therefore barely significant,

The corrected results of flights F9-Fll =re

shown graphically in Figure 42,
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Consolidated counting rates - flights FO-Fl1,

e 1 I - . 1

| Pressure Mean Observed Standard
interval Weighted counting stetistical Total
(mb, ) pressure rate deviation Correc-
(mb, ) (Counts/min, ) (Counts/min) tion(%)

' 1,000-900 949 0 - 0.8
900-800 ‘ 849 0 - 0.8

' 800-700 | 748 0 - 0.9
700-600 648 0 ~ 0.9
600-500 548 0 - 1.0
500-400 448 0.14 0.07 1.1
400-350 374 0.25 0,13 1,3

' 350-300 324 0.07 0.07 1.5
300~250 274 0.07 0.07 1.7
250=-200 224 0.56 0.15 2.0
200-150 173 0,58 0.14 2.4
150-100 12259« | 0.71 0.13 | 3.0
100-80 89.5 0.73 0.19 365
80-60 09,3 1.42 0.21 3.8
60-40 49.1 1.49 0.19 3¢9

| 40-20 28,3 B 0.16 4.0
20-10 14,17 1485 0.19 DD

- 10-7 8.7 2.2l 0.31 3.8
brm;na

level

1,004 0.004 |0.00l | 0.8
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(iv) F¥lights Fl2-Fle,

Flight |
Date
Total load (gm.)
Number of balloons

Free 1lift per
balloon (gm.)

Average rate of
ascent (ft./min,)

Minimum prescure
(mb. )

Meximum gltitude
(ft.)

Averege rate of
descent (ft./min.)

Descent by -
Meximum temp, (°C)
Minimum temp. (°C)

Temp., at mgximum
&ltitude ( C)

Pressure control
correction (c./s.)

=151~

¥12
25 Oct 50

2
874

1,032

98,000

1,100

0.4

F13

6,159

2

870
1,000
14
94,000

892

0.6

Fl4

28 Jan 51 1 Jun 51

6,403
3

8606

525

16

92,000

1,080

Balloon
36

8

36

1.0
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Flight F15 F16
Date 9 Sep 51 13 Apr 52
Total load (gm.) 6,480 6,485
Number of balloons 3 3
Free lift per
Ballbon (&) 840 1,540

Avergge rate of
ascent (ft,/min,) 69 290
Minimum prescure

(mb. ) 16 14
Ma"mui]fi‘:}?ltude 91,000 95,000
Average rate of
Gescent (ft./min.) 45000 290
Descent by - Balloon Balloon
Meximum temp. (°C) 36 31
Minimum temp, (°C) 13 4
Temp, at maximum
altitude (°C) 38 44
Pressure control 0.2 0.4

correction (c,/s.)
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Cosmic ray data - flight ¥F12,

Prescure Aﬁbent Descent Total
interval | Time Counts Time Counts Time Counts
(mb. ) (min, ) | (min.) (min, )

1,000-900| 5,58 0 6.92 0 12,50 Q
900~800 4,92 0 5425 0 10,17 0
800~700 4.25 0 4,33 0 8,58 0
100~-600 4,00 O 5,83 0 71.83 0
©00-500 4,25 o) 4,33 0 8.58 ¢}
500-400 4,92 0 5625 0 10.17 C
400-350 2,67 0 3.33 0 ©.00 o
550-300 2492 0 3.58 0 0,50 C
30C-250 3.08 Q 4.17 1 {25 1
250-200 = 3,92 0. 4,33 2 | JLB25 2
200-~150 4,07 Q 5¢25 A 9.92 1
150~-100 8,00 8 8.08 8 16,08 16
100-80 4,33 7 .42 3 | 1515 10
80-60 6,00 3 4,00 5 F 10.00 8
©60-40 8.58 10 5.08 11 13,67 21
40-20 11.50 24 6,33 8 17,83 32
20~12 ;12.50 42 - - 12,50 42

Date lost during early stages of descent due to rapid
signal fading,

Transmitter not recovered,
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Cosmic ray date - flight ¥l3,

Pressure
interval
(mb. )

1,000-900 |

900-800 |
800~700 I
700-600
©600~-500
200-400
400~-350
550-300
300-~250
250~-200
200=-150
150~-100
100-80
80-60
00~-40
40-20

20-14

0,67

Total
Counts

Time

min, )

% (
533

3.58
3529
3415
4.08
11.50
7.00
7,92
9.117

10,33

14.08

Aécent Descent
Time Counts Time Counts
(min, ) (min, )

5433 0 ; - -
358 0 | - -
5422 0 - e
3235 0 ; - S
408 0 | - =
4.75 L ; 6.75 1
2419 0 4,25 0
3425 0 4.07 0
4,00 1 b3 N | 0
4425 2 ©.08 1
0,00 4 8.08 3
9.42 2 10.00 1
,2.00 7 5425 11 |
6.58 13 .33 |
9.08 16  8.92 8 ;
12,42 22 |13.33 29 |
16 5.67 19

19.42
10.25
12,92
18.00

25,75

| 12,33

Transmitter not recovered,

N

(Vo] - LYl - (@] o

18

18

o 60 ©® O o |
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Cosmic ray data - flight Fl4,

Pressure Ascent
interval | Time Counts
(mb,) (min, )
1,000-900 | 3.25 0
900~800 | 3.50 0
800~700 3467 0
700~-600 4,08 0
©00~500 4,42 (o]
500-400 4,75 0
400-350 2.617 0
250-300 i 292 i |
300-250 | 3.25 0
250-200 | 5.50 3
200~150 i 11.00 3
150-100 19.50 12
100-80 10.83 12
80-60 14.17 22
00-40 21.42 24
40-20 | 39.15 102
20-16 | 19.17 48

Ascent rate -

400

Landing point - Comrie,

Descent
Time Counts
(min, )

3.58
| 4,17
| 4.92
5,83
3425
3.83
4.17
5,00

WM R e 8 e W

5.07

8.83

o=

| 4.50

5.33

-] &~

.67
9.58 18

‘ 333 8

Total

Time Counts
(min. )
3425 ¢}
3.50 ¢}
T1.25 0
8,25 0
9,33 0
;10058 0]
5.:92 0
.75 B
7.42 &
10,50 6
.16.67 6
28,33 16
515.33 17
| 19.50 26
28,08 31
1 49,33 120
(22.50 56

Perthshire,

1060 feet/mlnute from 1,000 to 220 mb.
" 22Q to

16 mb.
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Cosmic¢c ray date - Ilight F15,.

Pressure Ascent Descent 1 Total
interval Time Counts Time Counts Time Counts
(mb.) | (min.) (min, ) | (min,)
1,000-900| 3.75 e - - ; 3:15 0
900~-800 3. 15 0 - % 0
800-700 4.08 0 Iy o - | 4.08 0
700-600 4.2 0 = % : 4.42 0
600-500 | 4.50 o | - ~ | 4.50 0
500-400 | 5.33 0 | - S Wi 0
400~-350 f 2,83 0 - - | 2.83 0
350-300 | 3.08 - S - 3.08 1
300-250 | 5ed3 ] : - = | 333 1
250-200 | 5.58 3 E + - | s.58 3
200-150 | 10.92 6 i 2 - | 10.92 6
150-100 | 17.83 16 - - 17.83 16
100-80 | 9.25 4 ; < - | 9.25 4
80-60 261 13 || = - | 12,67 17
60-40 19.50 36 = o ‘ 19,50 36
40-23 21,75 40 - - ‘ ikl 40

1000 feet/minute from 1000to 220 mb,
470 " " " 220 te 16 mb,

Ascent rate -
Iransmission of cosmic dats stopped (137 minutes after
take-of1), at a pressure of 23 mb,.,, probably cue to fail-

‘ure of filament of V7,

Landing point -~ Blair Atholl, Perthshire,
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Cosmic ray dats - flight Fl6.

Ascent

Descent I

Pressure Total
intervel | Time Counts | Time Counts| Time Counts
(mb,) {min,) (min, ) (min, )
1,000-900| 2,92 B " - 2,92 0
900-800 2667 0 - - 2e0T 0
800~-T700 2517 0 - - 36T 0
700~600 3650 1 - - 3650 1
©600~500 4,117 (0] 5+83 0 10.00 0
500-400 4,58 0] 633 0 10,92 0
400~350 2433 0 3483 0 6adl (6]
350-300 2475 Q 4,17 1 6.92 i i
300-250 3450 d 4,92 0 8.42 i
250-200 4,25 (0} 5,92 3 10,17 >
200~150 5,58 4 7.92 2 13,50 6
150-100 8,50 8 9,25 3 17,75 9
100-80 2.42 8 4,58 1 10.00 9
80-60 Te33 10 5.92 o 15.25 16
60~40 9.67 15 7.82 9 17,50 24
40-20 18,33 32 15,00 38 33,33 70
20~14 13,67 42 71450 16 21T 58

Transmitter picked up by trawler off Fife Ness.
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Consolidated cosmic ray deta - flights F12-Flo,

Pressure Ascents Descents Total
interval | Time Counts| Time Counts Time  Counts
(mb, ) (min, ) (min, ) (min, )
1,000-900 18.83‘ 0 0,92 0] 25e1D 0
900-800 18,42 0 DelD 0) 23,67 C
800~700 18,42 0 1092 0 264,33 0
700-600 19,75 b 4 8.00 0 L Y ) A
600-500 2104é 0 15,08 0 36,50 0
500-400 24,33 8 | 24,17 1 48,50 2
400~350 1325 (o] 14,67 0 27692 0
350-300 14,92 2 16,20 1 85 B I | >
300~250 17.17 b 18,42 2 35,58 2
250=-200 23,50 8 21,33 9 44,83 8y
200~150 38,17 l"‘l'- 26,92 9 65,08 26
150~100 63,25 46 36,17 22 99,42 68
100-80 - 34,83 38 17.75 20 22435 58
80-60 40,75 63 21,58 22 68,33 85
60-40 68,25 101 28,50 35 96,175 136
40-20 103,75 220 44,25 93 148,00 313
20-12 52,00 148 16,50 43 68,50 191

Ground level test - Fl2 ecuipment only

4,520

68
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Consolideted counting rates - flights Fl2-Flo,

Mean Observed Standard I Total
Pressure |weighted | Counting statistical correc-
interval |pressure rate deviation tion ¥
(mb. ) (mb,) (counts/min, )(counts/min, ) (%)
1,000-900| 949 0 2 0.7
900~-800 849 0 - Q.7
800~700 743 0 - 0.8
T00-600 048 0.04 0.04 0.8
600-500 548 0 - 0.9
500~400 448 0.04 0.03 1.0
400-350 374 0 - Lol
350-300 324 0.10 0.05 1.4
300-250 274 0.14 0.06 1.6
250=-200 224 0.38 0.09 1,8
200-150 175 0,40 0.08 243
150-100 1225 0.68 0.08 2.8
100-80 89,5 141k 0.14 342
80-60 69.3 1.24 0.13 3.4
60-40 4951 1,41 0.12 3.6
40-20 28,53 2411 Q.42 3ol
20-12 16.8 24719 0.20 3e5
frass 1,006 | 0.015 0.002 0.7
%

counter fewer.,

Similar to corrections for flights F9-Fll except one
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(v) Flight F17.

Flight history.

Flight F17
Date 7 Oct 51
Total load (gm.) 3,493
Number of balloons 1
Free 1ift per
balloon (gm.) =48
Averzsge rate of 680
ascent (ft,/min,)
Minimum pressure 17
(mb. )
Maxlmu?fi?gltude 92,000
Aversge rate of
descent (ft./min,) 15500
Descent by - Parachute
Maximum temp. (°C) 40
Minimum temp. (°C) a5
Temp.at maximum
eltitude (°C) 40
Pressure control 1
correction (c./s.) o7
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Cosmic ray data - flight FlT.

Pressure Ascent Descent Total
interval | Time Counts Time Counts Time Counts
(mb, ) (min, ) (min. ) (min, )
,1,000—900 5«33 Al - - 2¢33 11
900~800 6,00 1 - - 6,00 7
800~-700 s 1700 B (R W ¢ - - 2.17 i 117
700-600 11,83 43 - ~ 11.83 43
©00-500 1.50 47 2,83 25 10,33 12
500~400 .17 56 4,17 60 10,33 116
400-350 3.25 48 2,08 34 2,33 82
350-300 3,83 66 1,83 39 5.67 105
300-250 4,25 107 - - 4,25 107
250-200 2:67 15 - - 2.061 15
200~140 5,67 238 - - 5,67 238
140-100 10.58 502 - - 10,58 502
100~-80 Tedid: 3T 1.50 86 8,067 463
80-60 9.33 4ol 2e33 89 1167 550
00-40 10,00 3893 - - 10.00 393
40~-28 10,17 398 0.67 1le 10.83 415
28=-20 10.83 401 1.50 38 12,33 439
20-17 0,50 198 0,92 33 Te42 251
Ground level test|1,740 2,225

interference.

Reception intermittent during descent owing to radio

Landing point - Inverarity, Angus.
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Counting rates - flight F1l7.

Mean Observed Standard Total
Pressure weighted |[counting statistical | correc-
interval | pressure rate deviation tion *
(mb, ) (mb,) [counts/min.)|[counts/min,) (%)
1,000~900 949 2.00 0,62 0.5
900~-800 849 1437 .44 0.5
800-~7C0 748 3430 0.80 0.6
700~600 648 3.64 0.55 0.7
600~500 548 6.97 0.82 0,8
500~-400 448 11,23 1.04 1,0
400-350 374 15,38 1.70 1.3
350~300 324 18,52 1,81 1,6
300~250 274 25,18 2043 - 19
250-200 224 28,09 3.24 244
206-140 167 41,98 2.12 2.9
140-100 118,3 47.44 2412 304
100-80 89,5 53.40 2.48 3.9
80-60 ; 09,3 47,13 2,01 3.8
©0-40 49,1 39.30 1.98 Jod
40-28 3345 38,32 1.88 3.6
28-20 2341 35.61 1.70 3.4
20-117 18,4 P 2.05 362
ey 1005 | 1,279 0,027 0.5

X " "
Cwing to reduction of period of flip-flop cycle,

. corrections almost idcntical to those in flights F1-F8
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CHAPTER 5

DISCUSSION OF RESULTS,

(1) Flights F1-F8 and Fl7.

The consolidated results of flights F1-F8
(Figure 41, pege 142) indicate a continuous smooth in-
crease with altitude in the verticzsl intensity of the
penetrating component at latitude 59°N. Above about
the 50 mb, level the rate of change of intensity is
slow, but there is no indication of a maximum within
the renge of atmospheric pressure 3,6 to 1,000 mb,
The data from individual flights show no significant
departures from the composite result, experimental
points from each flight in general agreeing with the
mean counting rate in the appropriate pressure interval
to within standerd deviation, At ground level the co-
incidence rates of the telescopes were matched to within
3 per cent, At high altitude, in the pressure inter-
val centred on 122 mb., for example, all experimental
points lie within 15 per cent of the average value, and
all except one within 5 per cent, At 69 mb, and at 14
mb, no point difiers from the mean counting rate by
more than 10 per cent, Also the ascent data are con-

sistent with the descent data, This general agreement
indicates the absence of any marked time variation of

intensity and justifies consolidation of the data.



~166-

Extrapolation to zero pressure, which is not greatly in
doubt since only =zbout 3,6 gm./cm.2 of the atmosphere
remains above the highest altitude reached, shows an
increasse in the coincidence rate ABC by a factor of 23
over the aversge ground rate of 0,957*0.,011l counts per
minute,

The results of flight F1l7 are shown in Figure
44, pege 1lb4,” After a rapid increase from ground
level, the vertical total intensity passed throﬁgh the
expected maximum in the region of 100 mb,, the coinci-
dence rate there reaching its peak value of about 43
times the ground counting rate of 1,2739:0,026 counts
per minute,

At any given latitude the earth's magnetic
field setls a lower energy limit for vertical incidence
of the primary cosmic ray particles., At 59°N. the
critical energy for protons, vhich are known to form

the major part of the primary flux, is calculated(zl)

to be azbout 0.5x109e.v. From balloon flight data ob-

tained at many latitudes it is shown by Neher(ze)
assuming only protons, that the average energy of the
incoming particles is much higher than this figure.

To penetrate 8 cm., of lead a proton requires a minimum

energy of 2,8x108e,v, It may therefore be expected
that most of the primary particles will be capable of
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penetrating this thickness of absorber, and hence that
the curves representing the vertical penetrating and
total intensities will converge at the limit of the
atmosphere,

In view of the fact that only one flight was
made with no lead absorber, and that the statistical un-
certainties in the total intensity data are thnerefore
large, agreement between the counting rates with and
without absorber extrapolated to zero pressure is guite
good, Exact convergence of the two curves depends on
several factors, The total intensity observed at high
altitudes with a vertical telescope may be increased re-
lative to the penetrating intensity by the presence of
an appreciable flux of soft upward moving or re-entrant
radiation, At the same time the penetrating intensity
may also be relatively increased by a contribution due
to extensive showers occurring in the lead blocks where
the perent particle is moving outside the solid angle of
the telescope, or it may be diminished by absorption of
primary and secondary particles in the lead and by
scattering of radiation out of the telescope, The
rate of change of total intensity observed in flight
F17 above the 100 mb, level is too rapid for extrapola-
tion to be sufficiently reliable to establish or rule
out the existence of a small discrepancy in counting

rates at zero pressure due to a combination of the above
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effects, The total intensity may be in excess of the
penetrating intensity, but the difference is not likely
to amount to more than 20 per cent,

In comparing these measurements with those of
other workers it must be remembered that the possible
correction for the effect of side showers has not yet
been considered, Since this may vary with the geometiry
of the telescoﬁe employed, & direct comparison of the
uncorrected results may not be valid, Hovwever, in view
of the fact that previous side shower measurements in-
dicated a negligible effect, and that the data from
flights F12-F16 will be discussed later at some length,
the comparison will be made now,

Comparison of vertical penetrating intensity measurements,

Mention was made in Chepter 1 of the measure-
ments of the altitude variation of the vertical inten-
sity of the penetrating component which were reported
before this resegrch commenced, Of these early results
only the data obtained by Schein et al(é) in their sec-
ond series of flights show the continuous increase in
intensity to extreme altitude and are therefore in gual-
itative agreement:with the present observations., A
more exact comparison with these results is made im-
pos.ible by the lack of published experimental detail,

During the last few years, however, seversl

'high altitude balloon flights with shielded verticsal
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telescopes have been reported, and attention can mainly
be directed to those which were conducted at geomagnetic
latitudes between 50°N, end 60°N., and in which thick-
nesses of lead absorber comparable with 8 cm, were dis-
posed between counters,

In 1949, POmerantz(zj’ 24)

published the results
of an extensive series of flights at latitude 52°N,, in
which vertical four-fold coincidence telescopes contain-
ing verious thicknesses of lead or carbon absorber uere
used, Contrary to the results of Schein et alﬁs) the
coincidence rete except at extreme zltitude was found to
vary markedly with absorber thickness in the range 4-7.5
cm, of lead. Because of this variation the data from
only one flight, with 7.5 cm, of lead, can be used for
comparison with flights Fl1-F¥8,

Also in 1949, Winckler et alg25’ 26 reported
the completion of & series of flights at latitude 56°N.
Triple coincidcnce telescopes containing difierent ab-
sorber thicknesses and inclined at various zenith angles
were used, Two flights of the series included a verti-
cal telescope with 7,6 cm, of lead interposed between
counters,

When the results obtained in these flights by
Pomerantz and by Winckler et al,are compared with the

consolidated data from flights Fl-F8, it is found that

all coincidence rate-pressure curves are very similar in
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general form, In no case does the intensity pass
through a maximum at high altitude, Sufficient experi-
mentel detail is provided to make possible a more guan-
titative comparison, =znd this is given later, One fur-
ther set of data will first be considered,

After a preliminary reportLQT), Vidale and
Schein, in 1951, published s detailed secount'?®! of g
series of flights with vertical four-fold telescopes at
various latitudes. 7.5 em, and 12 cm, of lead absorber
were used in tuo separate flights at 55°N. In ezch
caese the coincidecnce rcte is considered to pass through
a very flat maximum in the region of 60 mb, On exem-
ination of the published data, however, it is evident
that the essumption of a maximum on the curves obtained
at 55°N, is berely justified on the data from these
flights alone, This is particularly the case in the
flight with 7,5 cm, of lead, where the maximum depends
on a single experimental point of low statistical
weight, Both Pomerantz and Winckler find that the
maximum on the total vertical intensity curve dissppears
with lead zbsorber thicknesses greater than 4 cm, The
balance of experimental evidence at high latitudes is
therefore in favour of regarding the mexima found at
. 550N. by Vidale and Schein as due to statistical fluc-

tuetions rather than to instrumenta)] differences or



-171l-

geomegnetic effects, An explenation in terms of side
showers is considered later, The zuthors' interpreta-
tion is supported by their observations at latitudes
28°N, 2nd 41°N. where similer maxima were observed,
Confirmation of this result at low latitudes comes from
the work of the Bombay group(zg) close to the geomagnetic
eguator, The composite results of five flights at Ban-
galore, latitude 3°N., with four-fold telescopes con-
taining 10 cm. of lead show a well defined maximum at

120 mb,

Present evidence therefore indicates that the
vertical penetrating component increases continuously in
intensity with altitude at latitudes above sbout 50°N.
At lower latitudes it is probable that = meximum appears
vhich becomes more marked and occurs at a slightly in-
creasing pressure on nearing the magnetic eguator. An
efiect of this sort must be connected with the incressed
aversge energy of the primary particles at low latitudes
or else be due to meteorological conditions, It can be
interpreted as showing that the multiplicity of meson
production varies rather rapidly with the energy of the
parent particle,

A convenient method of comparing data obtained
with different telescopes which has frequently been used
in the past, is simply to normalise the counting rate to

‘2 common scale at some particular pressure level and
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then to consider the adjusted curves, This progedure
cen, however, be considerably in error, and although
agreement at one point, usually ground level pressure,
is assured in arbitrary fashion, consistency of the nor-
malised coincidence rates throughout the atmosphere does
not necessarily result, This is partly due to the al=-
titude variation of the directional intensity of cosmic
radiation, in eonjunction with the finite bul probably
dissimilar solid angles of the telescopes in use,

The distribution of the intensity of the hard

(30) to

component with zenith angle © has been shown
follow closely a cosze dependence at ground level, Var-
ious values of the exponent have been reported, but the
departures from the cosine sguared law are small enough
to be neglected here, From the sbsence of any large
regular time variations of intensity it is assumed that
the primary distribution is isotropic outside the sphere
of influence of the earth's magnetic field, and there is

experimental evidencetze' 51)

at high latitudes for the
region of isotropic distribution extending down to the
extreme altitudes reached in free balloon flights,
Hence, the relative multiplication of the counting rstes
of different counter telescopes with increasing altitude
will depend on the effective angular apertures of the

verious arrangements, and even when the geometries are

known the coincidence rates can only be grecisely
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compared at those pressure levels where the zenithal
distribution of the radiation is well established, At

these points the observed coincidence rates can be con-

verted into absolute intensities, which, being independ
ent of the type of telescope employed, form a proper
basis of comparison,

Teking into account all significant end corr-
ections due to the cylindrical shapes of the counters,
the absolute vertical intensity I of downward radistion
is given in terms of the observed coincidence rate N of
a particular vertical telescope by the following rela-

(24, 30)

tions %

Isotropic distrY¥bution:

N=Td[ 4 arctan £ 4 ‘r—d{l-izﬂ ;

a a La o*+4

cos @ distribution:

e P

a @ﬁ+£9% Lo a*+

cosie distribution:
s d Al e R e -
N _'I ‘_H_"|:";:‘ E+af‘+£"+ Z‘Q- {I_(O}—fez‘)}:]?

wvhere d is the efiective counter diameter, L the

effective counter length, and a the perpendicular dis-

tance between axes of extreme counters. If N is



~174~

expressed in counts per minute, I is obtained in units
of particles per cm.zmin.steradian. In Table 1 the
approprieste dimensions have been substituted in the

above relations, and the resulting values of the con-

N/

version factors /I refer to the telescopes used in the

flights mentioned above,

- TABLE 1
Conversion factor N/I
(1) (2) (3)
| Isotropic case cose case cosze case
Telescope
ABC 2621 2,17 2,08
Pomerantz 1,45 1,29 1423
Winckler
ot gl 1.84 1,80 1s 19
Vidale .
abd Skbais 141D 1,15 R

Comparison is first made at nigh altitude,
assuming an isotropic distribution, The factors shown
in Table 1, column (1), are divided into the appropriate

coincidence rates at 15 mb,, this pressure level being

For telescope ABC, d =1.95 ecm,, {-10.0 cm. ,

a=12,4 cnm,
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chosen to avoid the necessity of extrapolation, The
resulting values of the absolute vertical intensity at
15 mb,, which are shown in Table 2, column (2), are in

very close agreement,

TABLE 2,
(1) (2)
Observed counting |Absolute intensity
3 rate at 15 mb, at 15 mb,
(counts/min, ) (Particles/cm.
min, steradian)
Telesc0pe ABC 9. D% 8+ 2
(8 cm. Pb.) 2 L] —-003 90 -—00
Pomerantz 5 i
(7‘5 cma Pb.) 14’7—0I3 lo-l—0.2
Winckler et al. it
(7.6 cm. Pb,) 8pproX, lilst BgreL, A2
Vidale and Schein 3 +
(7.5 cm. Pb.) 12.0-—0.2 10.4-—002

It should be noted that these figures relate
to the vertical intensity at 15 mb, when the radiation
is filtered through 85-95 gm./cm.2 of lead. They would
only refer to the primary intensity if the coincidence
rate at this point were shown to be independent of the
presense of the absorber, Estimates of the primary
vertical intensity, somewhat higher than the values

shown in Table 2, have been published by Winckler et

21(26) and by Vidale and Schein(28), They are obtained

from the coincidence rate at high altitude without
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absorber,

A similar comparison of the coincidence rates
at a lower altitude using the conversion factors in
Table 1, column (2), requires a knowledge of the pres-
sure level at which the zenithal distribution of the
penetrating intensity follows a cose law. Measurements
by Jenkins‘?2) in seroplane flights at latitude 43°N.
provide some evidence that this occurs in the region of
250 mb, This finding is fairly well confirmed at 56  N.
by Winckler et a1§26). Using the appropriate conver-
sion factors the agreement in absolute rates at 250 mb,
is found to be within 10 per cent, This comparison,
however, loses much of its value because of the statis-
ticael uncertainties of some of the data at lower alti-
tudes, A discrepancy of this order of magnitude lies
well within the combined experimental errors around 250
mb, Indeed, as may be expected from the consistency of
the absolute rates at 15 mb, and the general similarity
of the data at lower altitudes, these other mezsurements
show very little variation from the present results
throughout the upper part of tne atmosphere, Apart
possibly from the data of Vidale and Schein in the re-
gion of 60 mb,, allowance for solid angle effects brings
all discrepancies well within probable statistical
fluctuations,

The calibration data obtained near sea
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level can be compared using the conversion factors shown
in Teble 1, column (3). Absolute velues of the verti-
cal intensity so obtained are given in Table 3, column

(2). The interesting point which emerges is that the

TABLE 3,
(1) (2)
~ | Observed ground | Absolute intengity
counting rate ¥| (Particles/cm,
(Counts/min, ) min, steradian)
Telescope ABC f &
(8 em, Pb,) 0.957 £0,011 0,460 + 0,005
Pomerantz & :
(7.5 cm, Pb,) 0,672 * 0,014 0,547 *+0,011
Vidale and Schein " 4
(7.5 cm, qu) 00567-.0-020 0,511._0,018

percentage differences in absolute rates near sea level
are greater than at meximum altitude, The figures re-
lating to the telescope used by Vidale and Bchein may be
reduced by about 5 per cent to allow for a difference in
altitude, but otherwise the calibration data appears to
have been obtained under very similar conditions with
only a light protective covering over the telescope,

The remaining discrepancies cannot be entirely explained

X Ground counting rate with absorber in position not
stated by Winckler et al,
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in terms of different absorber thicknesses, They may

be due to a true variation in intensity resulting per-
haps from geomsgnetic effects, or else to the influence
of showers occurring in the lead blocks, Since various
dispositions of zbsorber were used these showers may have
affected the lower counters to a difierent degree,

Comparison of total vertical intensity meazsurements,

The various series of flights by Pomerantz, by
Winckler et al,, and by Videle and Schein each included
a determination of the zltitude variation of the total
verticel intensity with telescopes containing no lead
but of the same geometrical patterns as before, The
data from these flights can be compared with the results
of flight F17,

In 211 cases a pronounced intensity maximum,
lying within 10 mb, of the 100 mb, level, was obtained,
Ageeement is not so satisfactory, however, concerning
the multiplication of intensity at the maximum, From
the data obtained by Winckler et a2l. with inclined
telescopes at 56°N. it appears that the zenithal dis-
tribution of the total radiation at zenith angles less
than 60° must pass through isotropism very close to the

100 mb, level, This conflicts with the esrlier measure-
ments by Swann(33) in which isotropism was observed at
about 250 mb,, but a tentative comparison of coincidence

rates using the conversion factors for an isotropic
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distribution can be made. Estimated maximum counting
rates converted to absolute vertical intensities, to-
gether with the minimum counter wall thickness to be

penetrated by a particle discharging all counters, are

given for each telescope in Table 4.

TABLE 4.
Latitudel Counter wall! Absolute intenfity
N | thickness (Particles/cm,
| (gm./em.”) | min, steradian)
Telescope ;
o 24,2
ABC 29 17 4
Pomerantz 52 4,2 2545
Winckler ' :
et E‘J.. 56 j 303 11.6
Vidale and ‘
Sehain 55 2.0 20,9

The figures obtained by this procedure are in
doubt because of the variation between telescopes in the
minimum energy required for penetration of tne counter
walls, The radiation is observed by Winckler to be iso-
tropic over a range of zenith angles greater than the
angular opening of any telescope, but this finding is not
necessarily independent of the low energy instrumental
cut-oif, The distribution of very low energy radiation
may not be isotropic, Greisen(jo) has shown at sea

level that measurement of the total intensity is greatly
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affected by absorption in the counter walls, From the
absorption curves obtained by POmerantz(24) it may be
expected that this effect will increase with altitude.
It has also been reported(34) that the total vertical
intensity at high altitudes varies markedly with time,
In these circumstances, end in view of the statistical
uncertainties of all data near 100 mb,, the agreement in
absolute vertical rates at the point of maximum inten-
sity is probably as good as can be expected.

From the rapid decrease in total intensity ob-
served in flight F17 above the 100 mb, level it seems
likely that the inclusion of up to 8 cm, of lead absor-
ber in the telescope ABC does not reduce the coincidénce
rate at extreme altitude by more than 20 per cent.

This is in agreement with the resultg of Pomerantz and
of Winckler et al, with comparable guantities of absor-
ber, though VWinckler finds appreciable absorption of the
primary radiation with 16,7 cm, of lead, On the other
hand, in the results of Vidale and Schein szt 550N., even
with only 7.5 cm, of lead, the counting rates with and
without absorber do not extrepolate to a common point,
This same feature appears in their observations at

lower latitudes, but this time it is not confirmed by
the experiments of the Bombay group at 3°%,

It is of interest to compare the ground count-

ing rates of the telescopes used in these total
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intensity measurements, The figures given in Table 5,
column (2), have been obtained assuming a cos*@ distri-
bution, Allowance can be made for a more rapid(jo) de=
crease in intensity of the soft component with zenith
angle, but since only about one-quarter of the total in-
tensity is affected and the error is in the same sense
for all telescopes, the change in the relative values of
the total absolute rates at ground level is hardly sig-
nificant, Discrepancies of the order of 20-30 per cent
remain, which do not bear a simple relationship to coun-
ter wall thicknesses, and cannot be completely resolved

in terms of known differences in calibration conditions,

TABLE 5,

Observed ground | Absolute intensity
counting rate at ground level
without lead (Particles/cm,
(Counts/min, ) min, steradian)

Telescope ABC 1,279 0,027 1 0615 0,013
Pomerantz 0,917 £ 0,007 0.745 £0,006
Winckler et al, 0.944+ 0,015 0.539 20,009
Videle and Schein [0,700 £ 0,020 0,631* 0.018

So far as this research is concerned the main
importance of this variation in ground counting rates,
poth with and without absorber, is to emphasize the dan-
ger of comparing different measurements by simple normal-

isation, The error introduced by normalising
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independent sets of calibration data mey be much greater
than that due to the chenge with zltitude in the zenith-
al distribution of radiation, In the measurements con-
sidered above, normalising the ground rates would hide
the anomalies at that point, but the discrepancies in
counting rates would reasppear at higher altitudes, where,
in the penetreting intensity curves at least, agreement
is actually good: Normalisation at 15 mb, would be pre-
ferable here, but in this case the scale, if linear,

would be such as to mask the differences in ground rates,
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(ii) Flights F9-¥ll,

The object of this series of flights was to in-
vectigate the zltitude dependence of penetrating chovers
occurring in a block of lead mounted in the telescope.
The arrangement of counters and absorber is shown in
Figure 29, five-fold coincidences PQRET being recorded,

The desired event was one in which a single in-
cident ionizing pérticle discharged 2 counter P and pro=-
duced in the top lead block (4 cm, thick) a shower of
penetrating secondaries, This type of event was con-
sidered to be the most probable czuse of five-fold co-
incidences, at least two secondary perticles being re-
quired to discharge counters Q, R, S and T, For maxi-
mum sensitivity to showers of small angular divergence
the counters in each of the two lower trays were placed
in physical contact, Herd showers occurring in the air
above the telescope may also be recorded, but for par-

9

ticle energies less than about 5 x 10" e,v, the probab-
ility of vertical electron showers penetrating the ab-
sorber is small, The arrangement of counters discrim-
inates strongly against the possibility of a large pro-
portion of the coincidences observed at high sltitudes
being due to knock-on events since a2 double knock-on is
required, and five-fold coincidences due to the parent

particle and decay products of mesons stopping in the

lead are improbable,



The consolidated results of the three flights
with this type of telescope are shown in Figure 42,
page 150, The statistical errors of the data from each
individual flight -are large, but substantislly the same
result was obtained on esch occasion, Few coincidences
were observed below the 200 mb, level, but at greater
altitude the counting rate rose sharply. At 7 mb,, the
lowest pressure reached, the coincidence rate was about
2,3 counts per minute,

From the absence of a meximum on the counting
rate curve, it is probable that the shower producing
radiation is part of, or is very closely connected with,
the primary cosmic ray flux, Also, those primary par-
ticles giving rise to recorded showers are likely to be
travelling at small zenith angles, If the direction of
motion of the primaries is limited to the solid angle de-
fined by the extreme counter trays, the average amount
of mattier traversed in passage through the atmosphere is
less than 5 per cent greater than for vertical incidence,
The intensity of shower primaries incident on the tele-
scope may then be regarded as varying with atmospherie
pressure in accordance with the simple exponential ab-

sorption law,

where I(t) is the vertical intensity at atmospheric
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depth x gm./cmog, I(O) the primary vertical intensity,
and Xq the attenuation length of the shower produc-
ing particles in air,

I X is the thickness of lead absorber pro-
vided, and XI the interaction mean free path*-in 1ea§x
of the shower primaries, then a constant fraction [P-é-xi]
of the incident radiation will suffer collision in the
absorber, Hence, with decreasing atmospheric pressure
the rate of occurrence of these local events may be ex-
pected to follow the exponential increase in intensity
of the primary radiation. The upper lead block of
thickness 45 gm./cm.2 represents an apprecizble fraction
of the interesction mean free path of the known primary
particles, At low altitudes Cocconi(35' 36) has ob-
tained a value of Xl(lead) = 160 .gm./c:m.2 for the
charged nucleonic primaries of penetrating showers; this
is consistent with the value calculated from the geomet-
ric cross section, and with the results of other workers
(37, 38). At high altitudes this figure may effectively
be reduced by the presence of an apprecisble flux of
heavier nuclei, but this will serve only to increase the
fraction of the primary flux colliding in the absorber,

In the top lead block alone, about 25 per cent of

* For definition of these terms see reference 46,



vertically incident primsry protons znd a larger frac-
tion of any hesvier primasries must cause interactions,
Thus if comparable reactions occur in 2ir and in lezd,
the contribution to. the coincidence rate PQREST due to
air showers ie likely to be negligible in comperison
with the contribution due to loczl showers in the lezd,
In this case, provided the nature of the local showers
does not vary grectly with altitude, the coincidence
rate PQRST should increase exponentially with decreesing
residual atmospherie prescure,

When plotted to a logarithmic scale of coun-
ting rate, as shown in Figure 45 (full line), it is
found that the data can be fitted quite well to the ex-
ponential ebsorption of primery rediation with

N g =115 £15 gm. /cm.> This is in agreement with the
results obtained by Vidale and Scheintgs) in balloon
flights at latitudes 28°N, end 55 N., end with the

£(39; 40) ¢ s3°y. 2

aeroplane observations by Tinlo
comprehensive list of references to other experimental
findings, mainly consistent with this result, is pub-
lished else%here(él).

The present results constitute: strong evid-
ence that the shower producing radiation is part of the
primery flux, but do not necessarily indicate that the

cherged shower primeries are of purely protonic nature,

It has been shown(42’ 43, 44) that at least 20 per cent
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Figure 45. Absorption curves for shower producing radiation.
Full line - Primary particles of A~=115 gm./cm.
Broken lines - (a) o-particles AN,=45 gm./cm.

b) Protons A=140 gm./cm.
c¢) Sum of (a) and (b).

of the primery beam consists of «L-particles, with a
small proportion of still heavier nuclei, Since pene-
trating showers initiated by heavy nuclei have frequently
been observed in'photographic emulsions, it is poscible
that a significant fraction of the events recorded at
high altitude in the present flights are due to X-part-
icles, Since these particles are more rapidly absorbed
than protons the presence of an sppreciable contribution
to the coincidence rate from this source should be de-
tected through a certain non-linearity of the curve in
Figure 45 at the low pressure end, Investigating from

this point of view, it is found that the accuracy of the



~188=

data is inadequate to establish vhether or not showers
due to heavy nuclei were recorded., If an attenuation
length greater than 115 gm./cm,2 is assigned to the pro-
tonic component a contribution due to K-particles be-
comes possible, For example, as shown by the broken
lines in Figure 45, the data can be interpreted equally
well in terms of the absorption of a proton component of

xﬂ(air) = 140 g:m./cm.2 plus an « -particle component
of Aﬁ(air)== 45 gm./cm.2 At extreme altitude about
one-third of the penetrating showers may be due to

oL -particles, The attenuation length for protons is
then compatible with the value obtained by Walsh and
Piccioni(45) in aeroplane flights, and on the assumption
of catastrophic interactions the attenuation length for
KL~-perticles is consistent with the interaction mean
free path measured by Bradt and Peters(éz).

Whether particles heavier than protons play an
important part in the production of the showers recorded
in these flights could be decided if the absorption co-
efficient for the protonic component could be precisely
determined from the experimental points in the region of
200 mb, Unfortunately the statistical accuracy here is
insufficient for this purpose. Also, the calibration
data can only be regesrded as an upper limit to the pene-
trating shower rate at ground level, and may not safely

be used to fix the slope of the absorption curve for
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protons, In the laboratory, e period of 96 hours coun-
ting gave only 23 coincidences, while on removal of the
top lead block 21 coincidences occurred in a furtner
period of 96 hours. It is probable therefore that a
large part of the counting rate observed at ground level
is due to anomalous eftects such as air showers and
knock-on events in the tuo lower lead blocks.

The following date give some idea of the
guantitative reletionship between the intensity of par-
ticles vertically incident on the telescope and the rate
of recorded showers, At ground level when the two
counters in each tray are connected in parallel, the
rate of three-fold coincidences P, QR, ST, is 1,30%0,04
counts per minute, By relating the geometry of tne
telescope to the known increase in the verticel absol-
ute intensity it is calculated that at maximum altitude
the three-fold coincidence rate would be about 30 counts
per minute, The observed shower rate PQRST of 2,3
counts per minute at 7 mb, indicates that a five-fold
coincidence is recorded in only about 1 in 13 of these
occasions, although roughly 40 per cent of vertically
incident primary particles should interact in the lead
above the tvwo lower counter trays.

It is impossible, from this informstion alone,
to reach any firm conclusion about the multiplicity of

meson production in the cverage event, but the results



of other workers with different counter arrangements may
be taken into considerstion, Vidale and Schein(28) per=-
formed similar experiments in balloon flights reaching
the 15 mb, level at latitudes 55 N. and 28°N, For =
shower to be recorded in their gpparatus at least three
particles were reguired to emerge from a lead block 12
cm, thick, In spite of this extra requirement the ob-
served shower rate at high altitude, when considered in
relation to the solid angle of the telescope, was very
similar to that in the present experiments, While
difierences in geometry meke the validity of a direct
comparison of these data doubtful, the results indicate
that although the average number of penetrating particles
produced per absorbed primary is probably small, an im-
portant fraction of events must occur in lead in which
mesons are created in rather high multiplicity. This
conclusion is consistent with the results obtsained by
Tinlot(jg’ &0). He interprets penetrating shower
measurements with discimilar apparestus at seroplane al-
titude in favour of large multiplicity and large angular

aivergence of the recorded events,
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(iii) ¥Flights Fl2-Fl6,

In this series of flights it weas intended to
investigote whether the previous vertical penetrating
intensity measurements were influenced to any signifi-
cent extent by lateral showers - i.,e. evenis in which
a minimum of three shower perticles come in from the
side and discharge &ll counters simultaneously. Any
contribution to the coincidence rate ABC from this
source should be deducted from the results of flights
¥1-F8 to get the true vertical penetrating intensity.

The correction could, in principle, have been
measured with the seme telescope as before, either by
moving counter B just out of line with A and C, or else
by screening any of the original counters with further
coincidence-connected counters, From the results of
flights F9-F1ll it was known, however, that either
arrengement might record bursts occurring in the &absor-
ber in adcition to side showuers, To get over this
difficulty the second method had to be adopted, the
police counters being mounted above the level of the
upper lead block, Two parallel-connected counters D
' were placed one on either side of counter A, and four-
fold coincidences ABCD were recarded.

A negligible amount of material remained above

and to the side of counters A znd D, so showers produced



Addendum.

In a preliminary communication about
these experiments (Phil. Mag. 42, 663, 1951) the
- results of flights Fl2-F16 were interpreted in
terms of side showers. Further consideration has
shown, however, that this explanation is unlikely

to be correct.
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in the materizl of the transmitter should have been
eliminated, In spite of this the coincidence rate
ABCD was by no meens insignificant throughout the atmos-
phere as had been expected, Substentially the same
result was obteined in eazch of the five flights, the
consolidated data from which are shown in Figure 43,
page 160, Again a sharp rise in counting rate was ob-
served in the top 200.gm./cm.2 of atmosphere, the maxi-
mum rete occurring at the minimum pressure reached (12
mb, ), and asmounting to nearly 3 counts per minute or
close on 15 per cent of the corresgonding rate ABC.

This was z most surprising result, If it is
attributed to the effect of side showers, and the sppar-
ent correction applied to the data from flights F1-F8,
it is found, as shown in Figure 46, that the true verti-
cal intensity represented by the difference curve, curve
3, exhibits a sharp maximum in the neighbourhood of 35
mb, due to the production of penetrating secondary par-
ticles by the primary beam, In adaition to this impor-
tant modification of the results of flights F1-F8, some
doubt arises as to the type of event observed in flights
F9-Fll, since only three particles from the side are re-
quired to give a coincidence PERST.

If, however, coincidences ABCD are not mainly

due to side showers, the results of flights Fl2-F1l6 do

not represent a direct correction to the data from
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Figure 46. Effect of oapplying side shower correction to results of flights FI-F8 .

flights F1-F8, and significant modification of the pre=-
vious measurements may not be required. Thus the im-
plication of the results of flights Fl2-F16 depends to

a large extent on the direction of motion of the showers
recorded in these flights, The deta must be interpre-~
ted with care, and all pos.ible explanstions of the ex-
perimental results must be considered,

Possible types of recorded event,

Various distinct types of gosmic ray event can

give rise to a coincidence ABCD. The following sre the

most obvious causes:
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(s) Side showers containing three or more charged par-
ticles of any type.

(b) Vertical air showers of two or more charged particles
containing at least one penetrating particle.

Considerction has also been given to the fur-

ther possibilities which are discussed below,

(c) A coincidence ABCD can be due to a nuclear explosion
in the upper lead block. If, for example, the
initiating particle is charged and passes through
counter A, shower particles may discharge counters
B and C while radiation e jected backwards discharges
a counter D, The observations of Lord and Sche{ﬁT)
show that over 90 per cent of extensive stars occur-
ing in photographic emulsions exposed at high alti-
tude are due to charged particles, Hence, on the
majority of occasions the back radiation need only
discharge one counter in the top tray to complete
the coincidence,

From a study of the published photographs of
events of this type it is apparent that the produc-
tion of penetrating particles together with an
appreciable amount of beckward radietion is charac-
teristic chiefly of the very high energy disinte-
grations, in which the penetrsating pearticles are

mainly confined to the forward direction, The

telescope ABCD will be most sensitive to these
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showers when the direction of motion of the primary
particle is aligned with the axis of the telescope,
In general a relatively small number of particles
is ejected backwards, so, from considerations of
solid angle, the probability of a counter D being
discherged is not high, Also, the back radistion
is largely composed of low energy particles which
are likely to be absorbed before re-emerging from
the leed, In view of the inefiiciency of the re-
cording arrangement for this type of event a very
high proportion of explosive disintegrations would
be required to explain the relative frequencies of
coincidences ABC and ABCD at high altitude, This
would be qguite inconsistent with the irequency-size
distribution of stars in photogrephic plates ex-~

(47)

posed at high zltitudes by Lord and Schein and

by, Camering ok aly 10

in which large evenis are
guite rare, Explosive disintegrations may be more
common in lead, but the results of flights F9-Fl1l
give no evicence of any radical change towards more
extensive showers, While a contribution from this
source is possible, it is considered unlikely that
a major pert of the coincidence rate ABCD is due to

interactions occurring in the absorber,

Local shovers may be created in the material of the

gondola above the telescope. As mentioned above,
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this possibility was reduced to a minimum, Exclud-
ing the top counter walls, but including cellophane,
aluminium foil and framework, the average tnickness
of material sbove counters A and D is less than

0.02 gm,/cm.2 In terms of the interaction mean
free paths of the primery particles this is quite
negligible,

(e) At high 2ltitudes there is known to exist an spprec-—
iable flux of upmgra moving radiation., The possi=-
bility arises of coincidences ABCD being due to
shovers cre.ted in the leaé by particles entering
at the lower end of the telescope, Bven ot extreme
altitude events of this sort must be rare, however,

since the observations of Lord =z=nd Schein(4?)

at
95,000 feet show the proportion of penetrating
showers in which the parent particle is travelling

at zenith angles greater than 120° to be extremely

small,

Direct evidence zbout the type of event res-
ponsible for the rcpid rise in the coincidence rate at
high gltitude might have been obtained if it had been
possible to extend the range c¢f observations to cbout
5 mb, It was for this reason that measurements with
the telescope ABCD were continued after the general

form of the experimental curve had been estsblished in
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the first two flights, The extreme altitude data could
be used to distinguish between poscible types of event
in the following manner, Consider first the response
of the telescope to vertical showers created in the air
by the primary cosmic ray flux. In the telescope ABCD,
unlike the previous arrangement PQRST, there is no local
artificiel source of showers, Only events occurring in
the atmosphere sbove the telescope can be recorded.
Again a layer of atmosphere of given thickness in gm./
cmo2 acting as absorber will remove by collision a con-
stent fraction of the primary beam, but here the physi-
cal depth of the layer will very with altitude. Al-
though the coincidence rate ABCD will increase with
diminishing residual atmospheric pressure on zccount of
the greater intensity of shower producing resdiation, it
will decrecase on account of the greater spacial sepera-
tion betreen events as the atmosphere becomes more rare-
fied, and must tend to zero at the limit of the atmos-
phere owing to the infinite separation between collis-
ions, Hence the coincidence rate, if due to vertical
shovers, must pass through a maximum at some point which
the experimental data show to lie above the 15 mb., level.
This may be compared with the probable response of the
telescope to events such as (¢) and (d) above, For
events of this nature the coincidence rzte depends only

on the intensity of the shower producing radiation, and
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may well increase continuously to the limit of the atmos-
phere, The position with regerd to side shovers is

more uncertain, | To a large extent the same reasoning

as for vertical showers applies, and again the coincid-
ence rate must tend to zero at zero prescure, but it
seems less probable thet maximum counting rate will

occur at accescible altitude, A sherp fgll in the co-
incidence rate ABCD due to side showers near the top of
the atmosphere should be accompanied by a corresponding
drop in the coincidence rate ABC in flights Fl-F8, Cer-
tainly at pressures greater than 5 mb, the date from
these latter flights show no such apparent decrease in
the vertical penetrating intensity. For consistency

the efiect of side showers must therefore remain very
appreciable at least up to the 5 mb, level,

No further information on the poscible exis-
tence of a maximum on the experimentzl curve was obtained
in flights Fl4-F16 and the data at present available in-
dicate a continuous increase in the shower rate through-
out the range of observations, The form of the curve
is most easily reconciled with the effect of such phen-
omena as explosive disintegrations in the absorber, but
events of this nature do not appeear adequate to provide
more than a very minor contribution to the coincidence
rate, Further discussion is therefore confined to con-

sideration of the experimental data in terms of lateral

and vertical showers occurring in the air around the

telescope,
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(2) side Showers.

Showers occurring in the atmosphere may be re-
garded as being made up of three types - high energy
events in which penetrating particles are produced, low
energy eveaporation stars, and the electron-photon cas-
cades of the soft component, Showers of the first
type are more likeiy to be recorded by the telescope
ABCD when moving in the vertical direction, and of the
other two types only the electron cascades occur in
sufiicient abundance and have the particle density re-
guired to produce an appreciable coincidence rate due to
lateral showvers,

Some idea of the altitude dependence of the
vertical intensity of the soft component may be obtained
from the present experiments by subtracting the curve
for the vertical penetrating intensity from that for the
vertical total intensity. The result so obtzined is
based on the arbitrary criterion of absorption in a given
thickness of absorber, A better approach to the pro-
blem of resolving the verticzl flux into its electronic
and non-electronic components is that of Pomerantz(23’24)
based on observations with telescopes contzining differ-
ent quantities of absorber. It is shown that the
quickly absorbed radiation reaches its maximum intensity

near the 100 mb, level. The curve is reproduced in

Figure 47(a). This, of course, refers only to particles
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the exact form of the soft vertical intensity curve, is
the marked collimation at very high sltitudes of radia-
tion at large zenith angles,

Individuel counters of the telescope ABCD are
partially screened from soft radiation coming from all
directions except close to the horizontal by the adjac-~

ent lead blocks, The present problem is to decide

whether the observed veriation in the four-fold



coincidence rate can be expleined in terms of the great-
er intensity of soft low angle radiation at high alti-
tudes, and the larger effective counter zreas visible
from directions close to the horizontzal,

It is clearly impos.ible to do more than to
assess the re}ative efiect of cide shovers on the co~
incidence rate at different heights, In perticular the
pressure levels 50 and 12 mb, will be considered, The
coincidence rate ABCD increases by close on 100 per cent
in this intervzl,

To make progres: with a strict analysis it
would first be necessaryito make some very arbitrary
assumptions zbout the nesture of an individusl cascade
shower and the penetrating power of its constituent par-
ticles, A zolution obtained in this manner without
sufficient experimental foundation could not be regarded
as satisfactory. It is preferred to consider a most
favourable case by meking two tentative assumptions,
both almost certainly incorrect, but each of which has
the effect of making probable a repid incresse in the
side shovwer counting rate at high altitudes, The first
assumption is that all side shower coincidences are due
to radiation which is at full development. This simpli-
fies matters since the shower size distribution of cas-
cades incident on the telescope can then be regarded as

| indepenaent of gltitude, The general efiect of the
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as.umption is agparent from Figure 47(c). TWhen the
telescope is at 12 mb,, a very large proportion of the
soft radistion is incident from a fairly limited range
of zenith angles centred on 850, the zenith angle of the
radiation at full development. On the other hand, at
50 mb, where radiation from 60° reaches its meximum in-
tensity, cascadé-showers from a much wider band of zen-
ith angles are of comparesble development, Hence, the
neglect of incompletely developed recdiztion must lead to
very considerable underestimate of the relative effect
at 50 mb, The second assumption is that while individ-
ual cascades have a lateral spread large in comparison
with the dimensions of the telescope, all shower counts
are due to events in which only one perticle passes
through each counter, This gives maximum effect to

the screening of the counters by the lead blocks; the
counters can be considered as plane rectangular areas,
and the sensitivity of the telescope to side showers
vill vary in proportion to the visible cross-section of
each counter,

By considering the finer geometric details of
the telescope, in the manner shown in Figure 47(d), it
is found that 28 per cent of the meea of counters B and
C are affected by screening from zenith angle 600, rhere~-
as the entire sensitive counter cross-sections are ex-

posed to soft radiation from zenith gngle 850. Since
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two counters are affected,the grestest fractional de-
crecese in the coincidence rate which could be expected
under the assumptions above on going from 12 mb, to 50
mb, is 48 per cent, This requires that the shower par-
ticles are completely stopped even by ‘the corners of the
lead blocks. From the absorption curves for the total
rediation at high altitudes obtained by Pomerantz(ZE) it
is possible to meke fairly accurate sllowance for pene-
tration of the lezd blocks by the soft radiation irom a
fixed zenith angle, When this is done the efiective re-
duction by screening of the areass of counters B and C at
50 mb, is found to be only 10 per cent, Hence the co~-
incidence rate at 12 mb, should not exceed that at 50 mb,
by more than 19 per cent, Two relatively unimportant
fectors which have been neglected so far, the end effect of
the cylindrical shape of the counters on the screening
by the lead blocks, and the variation with zenith angle
in the projected spacing between extreme counters, both
tend to reduce this figure of 19 per cent, One ofher
factor, the sligntly incomplete coveresge of the sensi-
tive area of counter A by the counters D for radiation
from §0°, will tend in the other direction, The efiect
of this is small, hovwever, since at least 85 per cent of
the radiation passing through counter A from zenith
angle 60" must pass through a counter D as well,

It would appear, therefore, that even in the

most favourable case no satisfactory explanation of the
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experimentsl data can be obtained in this manner, In-
deed, on applying the seme reasoning to other pressure
intervals, and on considering the probable efiect of the
mejor assumptions above, any increase due to side showers
in the coincidence rate ABCD above epproximately the 50
mb, level seems most unlikely,

In obt;ining this result several important
factors have been overlooked, and the treatment above
has certainly presented an over-simplified picture of
the cascade processes at high altitude, Some modifica~
tion of the conclusion may be ;equired for either of two
reasons, Firstly, in postulating that all coincidences
are due to electronic radiation which is at full devel-
opment, and then assuming the type of radiastion falling
on the telescope to be independent of aliitude, any
poscible efiect of changing meteorological conditions
end zatmospheric density on the lateral spread of the
showers was disregarded, A change in shower type giv-
ing an increased counting rate at exireme altitude might
also arise if soft showers initisted by the decay of
Jp-mesons in flight were of particulsarly high particle
density and were relstively more ebundant at high level,
It is considered unlikely, however, that such effects
could be of sufficient importance to explain the rgpid
increase in the observed coincidence rate above the 50

mb, level, Secondly, it is possible that in the rsgioﬂ
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of 12 mb, the intensity of soft low-angle rediation is
greater than expected. This would most probsbly be due
to the efiect of the eesrth's magnetic field on the paths
of the primery or secondary particles, However, if the
intensity of soft low-angle radiation is in excess of
expectations, then, no matter from vwhat casuse it arises,
the effect should be observed in balloon flight messure-
ments with tilted telescopes.

Such experiments heve been performed by Winck-
ler et al,(26) and by Vernov znd Kulikov(49). Winckler,
referring to the total znd penetrating intensity data at
zenith angles ZZQPand 450, reports thet the observations
in the vertical direction are duplicated at =2ltitudes
increased almost exactly in accordance with the secant
law, At 6'{%o the penetrating intensity et 211 zltitudes
is lower than expected, a result attributed to the decay
of mesons in flight. The soft radiation at 67%°
reeches its mcximum intensity in the region of 60 mb,,

a pressure rather grecster than Figure 47(b) indicates,
vhile the pegk soft intensity does not differ signifi-
cantly from that for the wverticsal direction, It is
unfortunate that anomalous results utere obtained with

the original horizontsal telescope, snd that in the re-
determination of the horizontzl total intensity by

(26)

Shenley the observaticns only extended to 28 mb,

vhere the coincidence rate may mot have reached its
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mgximum velue, It must be remembered thzt in measuring
the horizontal intensity in this manner, geomasgnetic
effects gpert, radiation may enter equally from either
end of the telescope, and a considerable excess of the
horizontal maximum intensity over the vertical maximum
intensity at & lower altitude does not necescarily indi-
cate a departure from the secant law, At 28 mb,, the
horizontal =oft intensity observed by Shanley is actually
considerably lower than the meximum vertical sofit inten-
city.

Vernov and Kulikov performed an experiment in
which & simple triple coincidence telescope uithout lead
was continuously rotated between zenith angles 0° and
9’ , It was found, when the data was correlated with
zenith angle, that the horizontzl total intensity be-
ceme gppreciable only ebove 22 Km, (40 mb,). In the
engular intervel 0’ to 70° from the vertical the secant
law wes obeyed with an accurescy of better than 10 per
cent, the observetions extending to 26 Km, (21 mb.).

There is no evidence from either experiment of
an unexpecitedly large concentration of low-asngle soft
radiation, The indications are that the collimation
of soft rediction at high altitudes shown in Figure
47(c) is to some extent smeared out during the develop-

ment of the ceascades, with the result that the soft
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radietion does not reach the seme maximum intensity st
lerge zenith angles as in the vertical direction,
Hence, the conclusion that the experimentzl date can
not be interpreted in terms of side showers im further

cirengthened,

(b) Vertical showers.

If the events observed in flights F1l2-Flo are
mainly vertical showers created in the atmosphere above
the telescope, it is reasonable to assume from the form
of the experimentel curve that they must result directly
from the repid sbsorption of some component of the pri-
mary cosmic ray flux. If the absorption is exponential,
an upper limit for the attenuation length for production
of the showers may be obtained from the slope of the
curve in the pressure range 15-200 mb., by disregarding
the variation with altitude of atmospneric density and
assuming that all recorded events occur close to the
telescope in a layer of zir of given depth. In analogy
with the interpretation of the results of flights ¥9S-Fl1l,
a logarithmic plot of the experimentzl data shows that
the attenuation length in =zir, Xﬂ , is less than 80 gnm./
cm.2

The actual value of )\n must be considerably
lovier than this figure, but it is difficult to make
accurate allowance for the effect of gltitude variation

in the density of the atmosphere above the telescope
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since this controls not only the relative frequency of
collisions between primary particles and atmospheric
nuclei in the neighbourhood of the telescope but also
the geometric range of the secondsry particles, A re-~
duction in the number of coliisions occurring within &
fixed distance above the telescope, due to a decrease in
density, is gartiéily compensated by the increased pro-
portion of secondary radiation capable of rcaching the
telescope, The nature of the secondery perticles must
therefore be teaken into account when the date are ana-
lysed in terms of vertical showers, By considering the
response of the counter arrangement to the products of
disintegrations occurring in a volume of defined shepe
above the telescope, various attempts have been made to
interpret the experimental data on the basis of exten-
sive showers produced by a rapidly absorbed primary ra-
diation, It is found, however, that the effectiive
range of the secondary particles plays as important =a
part as the rate of absorption of the primasries in deter-
mining how the coincidence rate should vary with sltitude.
The greater the range of the secondaries the less pro-
beble is a rapid increase in ‘the counting rate at very
high altitude,

From directions close to the verticel, & mini-

mum of two particles is required for a coincidence,

They may both be mesons, but no satisfactory explsnstien
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of the present results has been obtained in terms of
sufficiently long-range secondaries, It may be that in
general only one penetrating particle is concerned in
each coincidence, the out-of-line counters being dis-
cherged by compearatively short-range radiation produced
in the same disintegration. In this case, assuming that
the coincidence rate passes through a maximum close to
the 15 mb, level, the experimental dala may be consis-
tent with the effect of showers due to primary radiation
of attenuation length about 40 gm./cm.2 Such findings
are, however, treated with considerable reserve because
of the uncertainties of the calculations, which reach
prohibitive complexity unless many simplifying assump-
tions are made,

Other considerations support the view that if
the recorded showers are moving close to the vertical
the out-of-line counters in the top tray must usually be
discharged by relatively soft radistion., If this were
not the case it is difficult to see how the results of
flights Fl2-Fl6 can be interpreted consistently with the
data tfrom flights F9-F¥1l. Extensive air showers of
small angular divergence ere reguired to give an apprec-
ieble coincidence rate ABCD at the 15 mb. level, where
a 500 metre layer of atmosphere is only 1 gm./cm.2

thick, Except if very different interactions occur in

lead, the presence of the primary radiation responsible
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for such events should be detected with much more
efiiciency in flights F9-Fll because of the greatly in-
creased proportion of local events in the telescope
PQRST. In spite of this, the coincidence rate ABCD at
15 mb. is higher than the rate PQRST at considerably
greater altitude, Even though allowance is made for
geometric difierences, the results of the two series of
flights seem quite incompatible with one another unless
in the normal event the police counters in flights Fl2-
Flo zre discharged by radietion inczpable of penetrating
the absorber.

An objection to the vertical shower theory,
more fundamental than the Torm of the experimental
curve, concerns the frequency with which coincidences
ABCD are recorded at high altitude in relation to the
corresponding rate ABC from flights Fl-F8, Teking the
primary sbundance ratio as 80 per cent protons to 20 per
cent d-particles, with interaction mean free paths of

2 2
70 gm,/cm.” and 45 gm./cm.” recpectively, it is found
that almost 80 per cent of the total primary flux should
pass through the uppermost 15 gm./cm.2 of zir without
intercacting with atmospheric nuclei, The results of
flights ¥F1-¥8, if extrapolation to zero pressure is per-
missible, show little variztion in the vertical inten-
sity of particles capable of penetrating 8 cm., of lead

over the prec.sure range 0-15 mb. Also the cnergy lost
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in traversing 15 gm./cm.2 of air is small compared with
the average primary energy, so not much more than 20 per
cent of coincidences C at 15 mb., can be due to pene=-
trating perticles associated with a disintegration at
higher level, To explain the 15 per cent ratio of co~
incidences ABCD to ABC at 15 mb. would therefore reguire
that a four-fold ceoincidence is registered on a large
fraection of the occasions that the in-line counters are
discharged by a penetrating shower particle, With only
about 1 per cent of the primary flux interecting within
500 metres above the telescope, this could only be the
case if the bulk of the secondary radiation near the
"top of the =stmosphere" vere produced in events of very
high multiplicity, the particles travelling in well
collimated showers over air paths of great length.

There have been reported isolated instances of
very large stars occurring in photographic emulsions,
many of which are due to primery heavy nuclei, Hoviever,

(47)

the observations of Lord and Schein at 95,000 feet,

vhere most of the disintegrations must be due to primary

particles, and those of Camerini et al.(BO)

at ©8,000
feet, show that the vast majority of showers are too
small and the constituent particles too widely divergent

to be detected over great distances in the present ex-

periments,
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Shower radiction incident on the telescope
need not necessarily all be created in the same catas-
trophic event, since the particle density may be built
up in successive interections of the shower particles,
but in this case it is difficult to see how the maximum
counting rate can occur with less than 15 gmo/cm.2 of
alr zbove the teleséoPe. Secondary procesces have
little chance of development in this small quantity of
matter, It is probasble that a large part of the elec-
tronic radiation originates from the decay of neutral
mesons emitted in the high energy interactions of the
primary flux, and some increase in the shower multipli-
city may come from this source, It has been estimated
(50,51), however, tnat the average ratio per event of
neutral to charged mesons is less than unity, the pro-
portion decreasing with increasing shower size, and no
important development of the resulting cascades above
the telescope in less than half a radiation length of
air is to be expected.

Thus the evidence obtained in photographic
plates indicates that individusl events of the requisite
size are relatively too infrequent to account for the
present results, A higher probability of an appreciablé
contribution to the coincidence rate ABCD from vertical
showers will exist if the known trend towards a larger

proportion of high energy events with increasing
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altitude becomes more merked zbove the 100,000 feet
level, or if the production of short-lived non-ionising
secondary radiation is more frequent than at present es-
timated. These factors would increase the possibility
of recording individual events, The main recuirement,
hovever, is for a much larger fraction of the penetrating
intensity at smzll atmoczpheric depths to be of secondary
origin, Since the results of flights F1-F8 determine
the vertical intensity of perticles capeble of penetra-
ting 8 cm, of lead at any altitude, this can only cone
about if the interzction mean free paths of the primary
protons and -perticles are much shnorter than thnose as-
sumed above, or if the relative abundance of incoming
nuclei neavier than &L-particles is much grecter than is
at present believed, Otherwise it is difficult to re-
concile the frequency with which showers are recorded at
high altitude with the effect of events occurring in the
alr above the telescope.

Experimental evidence.

The experimental eviaecnce which is discussed
below comes mainly from previous attempts to measure the
influence of showers on the counting rate of a vertical
telescope in the upper atmosphere, Comparison with the
present data is dirficult because in all other experi-
ments (apart from some by Schein(34) and by Vidale and
(28) '

Schein the results of which remain unpublished) the
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out-of-line counters were positioned below absorber
level with the resulting possibility of recording local
events,

In their 1941 report, Schein et al.(é) indi-
cate that shower corrections were measured by the in-
clusion of adaitiqnal counters alongside the main tele-
scope, The position of these police counters was such
that & nigh probebility of shower detection was to be
expected. However, the results showed that up to the
27 mb, level only a "few per cent" of particles tra-
versing the main telescope were accompanied by shower
counts, Because of the limited data provided and im-
portant difierences in geometry no accurate comparison
with the present results is possible.

Winckler et a1, (29s 26)

used extra counters
to detect shower events, and by employing a multi-
channel system of radio transmission were able to de-
tect those particles passing through the main telescope
which were accompanied by shower radiation, The few
such events observed occurred at pres.ures greater than
200 mb, Screening of the central counter of the main
telescope by the absorber may have largely excluded
soft side showers, but it is diificult to understand
why bursts in the lead were not detected, It seems

probable, as the authors suggest, that the radio

channels carrying the shower signals mey have failed
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(23, 24)

Pomerantz meesured the side shower
effect in a separate flight in which one counter was
moved Jjust out of line with the other three in &z tele-
scope containing 4 cm, of lead. His highest out-of-
line rate was about 5 per cent of the corresponding in-
line rate, Though not specificelly stated, this pre-
sumebly occurred a£ 17 mb, the lowest pressure reached
in this particular flight, At similer pressure the co-
incidence rate ABCD is about 15 per cent of the rate
ABC. From the point of view of side showers this
diffierence could be due to the extra particle required
to give a coincidence in the four-fold telescope used by
Pomerantz, In this case, however, unless the efiect is
masked by showers created in the sbsorber, the in-line
intensity measured by Pomerentz should correspond more
clocely to the difierence curve, curve 3 Figure 46,

than to curve 1, This is clearly not the case, I.f,
on the other hand, the events recorded by each telescope
are mainly verticel air showers, a discrepancy of this
nature in the observed shower retes is to be expected
beccuse of the relatively greater sensitive erea pre-
sented to the shower particles by the out-of-line coun-
ters in the telescope ABCD. Further, the zsgreement
between measurements of the absolute verticsl intensity

of the penetrating component at 15 mb, can only be
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regorded as fortuitous if 15 per cent of the coincidences
ABC and only 5 per cent of the four-fold coincidences ob-
served by Pomcrantz are due to side showers,

Though not confirmed by Pomerantz' data, the
maximum appearing on the vertical penetrating intensity
curves published by Videle and Scheintes) can be inter-
preted in favour of the side shower theory. Their
measurements at latitude 55ON. with a four-fold tele-
scope containing 7.5 cm., of lead bear some resemblance
to curve 3, Figure 40. To explain this in terms of
side showers &sgain assumes & lower sensitivity to these
events for the four-counter telescope. The objections
are that the maximum observed by Vidale and Schein is
much flatter than that on curve 3, and that it occurs
at sbout 65 mb, as opposed to 35 mb, Also, if the ‘
three-fold telescope is the more sensitive to side ‘
shovers, the absolute intensity at 15 mb. calculzated |
from the coincidence rate ABC should be greater than
thet calculated from the date of Vidale and Schein.
Although eny latitude effect would tend in the same dir-|
ection, the data show that this is not the case.

Several experiments relevant to the present
problem have been performed by Russian workers. They
are interesting because significant shower effects were
observed, but in most cases it is difficult to correlate

the findings with the results discussed above, For
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example, Baradzei et al,(52) found that about 25 per
cent of the penetrating particles observed at high alti-
tudes with a telescope containing 8 cm., of lead were
associated with showers detected by an out-of-line coun-
ter, while on removal of the lead the number of such
shower counts was small, This means that the effect of
side showers and vertical air showers was relatively
small compared with that of events occurring in the lead.
Unless the efficiency of this type of shower recording
arrangement. depends critically on small difierences in
the disposition of absorber in relation to the position
of the out-of-line counter, the frequency with which
shower events vere recorded in this experiment seems in-
consistent with the observations of Pomerantz and Schein
et al, In enother experiment, by Alekseeva and Vernov
(53), three countere separated by 4 cm, of lead were
surrounded by eight police counters all in parallel, the
police counters efiectively screening the two lower
counters of the main telescope though positioned out of
line, At the minimum pressure reached, about 15 mb,,
approximetely 33 per cent of three-fold coincidences
were accompanied by discherge of the police counter
arrengement, To account for the freguency of the
shower events it seems probable that a contribution from
some source other than wide-angle showers in the absorber
is reguired., This might come from side showers or from

vertical air showers, If it is the latter, an effect
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relatively larger than that observea in the present ex-
periments may be expected from the increased police coun-
ter area. The contribution from side showers at very
high altitude, where most of the soft redigtion is moving
at large zenith angles, should be recorded with similar
efiiciency by each telescope.

Conclusions,

The present interpretgtion of the results of
flights F12-Fl6, so far as they affect the previous ver-
tical penet;ating intensity measurements, is necessarily
based meinly on the rather indirect experimental evidence
discusced above,

Using verticeal four-fold coincidence tele-
scopes, either with one counter displaced out of line or
with suitebly disposed police counters, Pomerantz and
Schein et al, detected less than 5 per cent of the co-
incidences recorded at high altitude as being due to
shover events, This figure includes an unknown contri-
bution from bursts occurring in the absorber. In the
present experiments, although preceautions were taken
ageinst locel disturbing cffects, a considerably greater
proportion of shower events was observed, It has been
shown that no consistency among the various vertical
penetrating intensitly measurements results from assuming

the showers recorded by all telescopes to be ingéident
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. from the side, their influence being determined by the
number of particles reguired to produce a coincidence,
Appearently, therefore, the multiple events nmust be de-
tected by the arrangement of counters ABCD with greater
efficiency than was the cease in previous experiments.
There is no reason. to believe that in the telescope

used by Schein et al, the police counters gave any less
acgequate coverage of the shielded counter to radistion
moving at large zenith angles thean in the present ex-
periments, or that the sensitivity to side showers of a
vertical telescope, as used by Pomerantz, is signifi-
cantly reduced by a smell displacement of one counter.
The greater response of the telescope ABCD can only be
attributed, by reason of the position and the relatively
larger effective cross-section of the police counters,
to an increased sensitivity towards showers moving at
small zenith angles, Much better consistency =mong the
experimentel results is obtained on the basis of verti-
cal motion of the shower particles.

Consideration of the data from flights Fl2-Flo
in terms of side showers has shown the improbability of
a rapid increase in the coincidence rate ABCD up to the
15 mb, level due to this type of event, The observed
veriation of the coincidence rate with decreasing atmos-

pheric pressure is more compatible with the response of
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the telescope to showers produced at higher altitude by
the interactions of the primary flux. To explain the
experimental results in this manner reqguires that the
average intersction mean free path in air of the primery
particles be shorter, and that the average event be of
much higher multiplicity than is indicated by the data
obtained in photogrephic plates, These difiiculties
are formidable, but they may be resolved when it be-
comes pos.ible to expose emulsions over long periods at
5till greater heights,

Although the coincidences recorded in flights
F12-F16 are attributed mainly to showers moving close to
the vertical direction, some modification of the vertical
penetrating intensity measurements may still be re-
quired, In adaition to single particle coincidences
and those due to side showers, the latter being defined
as requiring a minimum of three charged particles, the
results of flights Fl-F8 will include a contribution
from events in which two adjacent counters of the tele-
scope ABC ere discharged by one particle while the
other counter is actuated by a second particle. Co~-
incidences of this nature are caused by radiation mov-
ing outside the angular sperture of the three-fold
telescope but inside the solid angle defined by two ad-
Jacent counters, The geometry of the telescope ABCD

is such that the majority of these events will be



recorded as a four-fold coincidence in flights F12-F1l6
provided the shower particles are moving along nearly
parallel paths, In the most probable cases a single
penetrating particle will traverse the counters D, B
eand C while associated radistion discharges counter A,
The relative importance of events of this type may be
estimated from the ground level counting rates, At
this point the coincidence rate DBC is Jjust under one-
third of the rate ABC. Only this fraction of the four-
fold rate ABCD can be regarded as a correction to the
three-fold rate ABC at corresponding level, The maxi-
mum correction of zbout 5 per cent at high altitude is
barely significent in view of the statistical uncer-
tainties of the dats.

It is unfortunate that deterioration of bal-
loon performance made it imposc.ible to extend the range
of observations in flights Fl2-Flo at least to the maxi-
mum altitudes attained in previous flights, On the
other hand, it is doubtful whether the information ob-
tained in a single successful flight reaching, say, the
5 mb, level, would have been of sufficient accuracy to
simplify greatly the interpretation of the experimental
data, As an alternative to the attainment of extreme
altitude, discrimination betwreen events through various

modifications to the telescope was considered, The



difiiculty is to devise a simple counter arrangement
which would give unambiguous results, Owing to the low
ceunting rsztes many more flights would have been re-
cuired to obtain the necessary accuracy of infermation.
The present equipment, designed with z single channel

of rzdio transmission for the meagurement of single par-
ticle intensities, is not suited to the study of mul-
tiple events, Further investigation by counter tech-
nigque into the characteristics of air showers and dis-
integrations in wbsorbers at very high altitude is ob=-
viously necessary, but this type of work requires more
conplex telescopes and the simultaneous recording of

coincidences between difierent combinstions of counters.
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