GHATTER IV

EXPERIMINTAL REZLLLS

1, Apparatus.

Twn sets of telescope were used in this werk, Zzeh set
consists of two O.M, counters positicncd parallel to cach
aobther in.hnriznntal nlune and directed along the north - south
direction of the geomagnetie fisld. These two counters arec
held Firsly by the retating frame as shown in Tig. 7. The

wooden frumes of the telescopes can be tilted about two hinges

Zenilh

Fig. 7 : ©Counter Telzacopes Mounted on the Dotating

I'rames

ta desircd zenith angles, Thus, we can adjust the tclescopes
esuch that one is in the east directien, the other in the west

direction.
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Yach counter of the toloscope is connested to o an
amplifier, thon te 2 wave shaping circuit. The signals from
the twe wawve shaping circuits, one from gach counter, are
sent Lo & coincidence direuit, a diseriminator ond a scaler.
THoze Luwn counters and circuilbs form 2 twefold colicidence

teleceape (Fig. 8).
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Fir, & : Tlocx Diagras of a Twofold Coincidence Telescope
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fhe himh wvoltage supply to the G,H. tubes, the diseri-
mina:or and the sceler of one telescope is from a single counting
unit, Thne Abacus G.M. scaler, Model 123 is used for onc teles-
cope; the Atomic Instrument Cowpany scaler, Hedel 101~ is Tor
the other, & stabilised linc voltapge iz suprplicd 4o the counting
units and timor.

The voltage supply for the cmincideréce circutts including
acce raies is from a 9 wolts battery. These parts arc made by
the avilhor using the prianeiple of coincidence ecircuit, transis-
torizod type used in the Institute for NHuclear Study , Univeorsity

af Tol:ya.
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The experiment was poerlormed in the Tleebkronics Labora-~
tory under the rogof of the Physics pulisaling. rig 9 is.the
nicture of the apperatus used in this measurcment. Lach part
is now described in detanil.

A, Telescope., Tre teleacope consizts of two G M.
counters, positioned parailel with each other in the horizon-
tal planc. The distanée between Lwao ;bunturﬁ 15 Eﬁ ema} Ehc
averall diameter of the counter iz 3.8 em. . Tho overall
lensth is G4%.8 em, wit®h the active lerpth of 5%.% cm.. Thus
the resolution angle iz ltfl.?,'ﬁ'Jl in the directlional plane and

6?.5“ in the complementury nlarc as shown in Fig. 10,
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Fig. 10 : FResolution Angles in the Vertical Direction

and in khe Cosplenentary Plana
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The twe counters are lfasterned to a rectangular wonden frame,
through holes at both ends of each counter, The frame is, then,
attached to the wooden base frame by twe hinges,. The base is able
to rotate about the vertical shaft at its center. Two wheels at
onc end of the base are also used to support the structure; One
telescops iz set in the cast dirszction and the other in the west.
dircction. The axes of the counters are in the north=aguth of
horizantzl field of the earth, The zonith angles of directional
telescope can be adjusted from 0% te 907, The wertical and the
hprizontal directicns were carefully set hy a precision lewvel.

fAll anrles were measured by a pretractor,

B. G.M. Goﬁnter. In thic work, Geiger cousnters ende by
the EOth Century Electroniecs Ltd., type €. 53, of pas sclf-
quenching, argon and ethyl formate are used. The tubc is of
mctal construction. The starting potential is around 1750
voltas with a platcau of 200 wvolis (Fig, 11 ), slope of plateau
maximum 0.1 %, The active longtih is 53.4% cm,, overall length
4,8 cm., overall diaweter 3.8 em., and the dead time at

working voltapge ie& 100 M sec as showrn by the facltory.

C, Coincidence Circuit. ‘fhe trapsistorizcd ecincidence
unit whose block dizgram is shown in Fip, 8 consgists of an am-

plifier, a wave shaper and a2 coincidence circuit,
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{i} Amplifier, Hecavse the pulse from the Geilger
counter is eo small that it cannot trigpger the uriviorator, it
is necessary to amplifier the pulse first, For this purpose,
we use feedback in smzll-signal aﬁplifier (15 )té roduce the
distortion and the [eedback makes the nperfeormance nf the am-
plifier less dependent an trancistor parameters and hence less
dcpendent on temperature. The sireuit is shown in Fig. 12,

The total gain of the amplifier is about 28.
, =3y
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Fige 12 ¢ The Feedback in Smali-Signal Amplifier



(i1} Wave shaper or univibrator. 7The output pulse
from the amplifier iz used to trigger a univibratoer so that
the pulse ?.output from the univibratmf-will be uniform sguare
wave and conztant amplituﬁe, The duration time of the pulse |
is 10 S56C.

In Fig. 13 the positive pulse eanters THl's base which
is econducting, thus makes it cut —off and couses THE which ic
beins cut - off to conduct. Wien the input pulse disappears,
TR, start conducling apain and alse makos Tﬁgtﬂ cut - off,

1

Yhen the next pulse arrives the cycle agalin repest. Thus the

I“Fw%

Fip. 1% ¢ Wave Shaping Circuit

put - put of thisz ecircuit will be of unifory Sguare - wove
to be used as input to the ecoincideonce gircudt.

fiit) Ceoingidence cireuwit, The pulse from wave
shapers are fed to the geincidonee circuit., The divider resis-

tance can e adjusted to trigper the scaler either by only a
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gingle pulse froo one wave shoaping cireuit, or by simultancous
rulses [row both wave shaping eircuits, The divider resistance
is nermally adjusted such that only twoe simultancous pulses

from Léth wove shaping sircuits will trigger the sesler.  Lhe
output  is the same shape and is scnt to the discriminator cof

- the sealer to select the nulse to count, Dy means of this, the
fluctuntion signalas are cut out and cnly the coincidence Zignal

from twe channcols are counted,
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Fig. 74 : Coincidence Circuit
D. Discriminater and Scaler, The diseriminator or pulse

height  scleocter is the ¢lectronic unit feor selecting the pulsce
height to pass through the scalter for counting. If the wulae

iz lower than & given value, i.0., in this case 2.4 volils, Lhe

scaler does not count,
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Fige 1§ : Discriminator and Scalsr

The spperatus is sot s decrided abeve. The resoclving
time of amplifier and c¢oincidence circuit are so small that for
this counting rate of about 500 cpm  they are regplipible, and
in thiz exporiment we usod the methed of comparison by interchang-
log the telcscopes in tho vsst and in the west directions, Dy
using & compzss, the l?nc Jeining the telescopes was adjusted to
be along the castewest Girecticn, one in the =nst and the other in
the west,

The observation wvas made in the day time from about eipht
olcleek in the merning to five o'clock im the afterncon in a pericd
of three months. Befcre cuunting, sach upivibBrator was checked
for duration time to Lo 10 MEec. aid praoper coincidedce from the
two channels was also checked., The Oeasurement , then was etarted
with telescome I in the oast side and telescone I in the west
g8ide. The timer connected to tho scaler was used. The counts wero

recordecad about every 30 minutes. By interchanging tre¢ direction
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of  tolescope I to the wost ard telescone IL to the east the
counts wors rocorded opsin. Fovever, tho time of cach couanting
cometimes was ot exactly 30 mimutes bub we contrnl the total time
ef the eountvrs of ench telescope te ¢ equal or nearly cqual
in the east and west dircctiom. The dircciional intensity af
total cosmic radiaticn (e»m) was oserved from the zenith
anrloe o to ?50 in the east 2t the zame time s in the west.
The total tize of counting in ecck zenith angle wias such that

& total counts at least 0,000 counts woas obtained, I | O

Zy Correction for 3Statistienl Fluectuation,
Ly using the metnod of frzgquently interchanging the direg—
tion between telescone I and II £17) , the error of counting rate
of dAircctional intensity is relatively small. Thesc eorrcspond
t; correct the error of Iluctuction and incfficieney of the countors

azs fellows.

4, Any Instrumental Selcctivity. This means that if the
two oot of teluscopes have not the same efficicney we can take the
advantare by chunging the dircctions of two tolcscaones and using
the epgual or nearly cqual total *ime of measurcment of each telce
acole in the cast and wosts

L. Any Short Feriod Change of Cosnie Hay Intensity. Ty
fregquently interchinging the position of <he telescopes, if a

short sericd chanze is oc¢curred in any time, this metheod will
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correct the fluctuztian,

The crrers duc to unccertainty of rotzating the frames and
the timer in this experiment is roelatively small, 1% can Le secno
from the Table 2, at zenith angle 0° the asymmetry does not
exizt, Thus, the imzortant part of fluetuation is due te the
olectronie ecountiug instrument, The distribution of intensity of
otk directicnal teolescopes are in acccrdahca with the Gaussian
distributisn: ¥e may, thereforc uze the standard feviaticn as in

the follewinp equation

o _ 0.6745 {C _ opm. .
T

3., Obsgrved Data.

The result of noosurement is shown in Table ¥, Intensity
in this mcasurement is usedé in cpm by adding the counts in cach
dircetion with two telezcompeos, Thc asymmetrry is obtained By the

vquation

2 0 Jy =~ Jdg )

E

Asymmetry

{ Jw + JE

The error of asymmetry is introduced by using standard error of
any function {1B)}fo be shown in Appendiv.

Tabkle T is showrn the asymmetry of cosmic rays against the
zcnith angle measured in Talble k. The Yest-East ratic and viest-

East different arc alsoe tabalated in Table %,
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Zenith

onple

Position I

Fosition 1T

Total Train I 'Train TI Total iTrain II__ Train B
Lime Venk ost £imae est Enst
minutes [Potal count Total counyiouies |Total cownt} Total 2o
; .
256 S6G% sho2 2z n253% 5421
1043 Lo40D | 165399 1053 18730 182545
ha7 £306 5566 LpB 5832 5400
i 1019 11275 9555 1055 11260 15017
1731 2932 G317 1718 10676 8590
1983 5695 | 5282 2000 5934 5647

The mean barometric pressure in thils measurement is about

752 mm.

of Hit.
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The Lsymmairy at Vardious Zenith Sngles.

L

Zeniti dzi- | Total | Total Intensity J E(JW_JT)
' Asyometry = =
angle Muth time count’ o pm Jw+ JE
o® o 568 | 10906 19.201 + o.124 { 0,008 + 0.009
kX 10823 19.05% + 0,123
15¢ W 2101 | 38130 18,149 + 0.063 | ©,078 + 0.005
% A5255 16,780 + 0,060
30¢ W 895 | 12138 13,562 + 0,083 [ 0.111 + 0.009
E 10866 | 12,141 + 0,078
45° 1 w | 2022 | 22535 | 11.145 & 0.050| O.141 + 0.007
r 19573 9.680 + 0,047
607 | w | 3bho | 20608 | 5.975 + 0.023| 0.086 5 0.007
E 18907 5.882 + 0,027
75" 3983 | 11429 2,869 + 0.018 | 0.045 + 0,009
E 10925 2.743 + 0.018




Table 3, The W=-E DRatieos and V- Differences at Yarious 2Jernliclh
Anples.
Zenith [, . .. | Tntensity I 'WK; Wol 3ifferance
angle cpm i
- . ! N
!
o i 19,201 + 0,24 | 1,008 + 0.065F 0,146 + 0.175
= 19,055 + 0.125 |
15¢ W 18,149 + 0,063 | 1.082 + 0.0055 1.353 + 0,087
E 16,780 + 0.060 |
00 W 15,562 + 1,083 1.117 + o,olnl 1,021 - G.ilh
E 12,141 + 0,073
Gs ) 11,145 + 0,050 | 1.151 + 0,008] 1.'35 + 0,07C
E 9,680 + 0.047
60° ] 5,975 + 0,028 | 1,090 + 0,003 0.%55 & 0,039
E B2 2 027
?5C W 2,869 X o,018 1,046 + 0,009 D.12% + T.024
9 2,743 I 0,018
- ree s - et i e
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