CHAPTIR III

THE ACPARATUS ALD IT3 CHADACLSIIRTICS
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2,1 The Apporatus.

The thrgoa~fold coincidconee Wwrs connectoed 28 showun il
the following dizgrom {(Fig.7
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iwoch chonnel ccusdisted of GLH., tubes, anulificr, inmut

puitivibroter and shoawper., L nepative signal from the G,3H. tube

Wes sasdiTicd by tho mwnlificr cireuvdt. The pulsc width ond
roight then were conuipollsd by the fnout  maliivibhrator and shancr
circvit, Thrae identiccl ehenaels wrodivec the same shetie of the

selses at the cubdut of the shoper eircuits, The tine lag of
the »ulse is tThe zasme for all chroe chennels.  The coineidcaco
circuii will e ppovatod only when thyee rulzes from tho shopers

are within the limit of tho resoelviang tine, Befors the pulse Trom

the pubtput of coincicdence zeis inte ths sceoler elrcuit, the pulse
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rust pzas through a diseriminator, which will cut out the =mall
undesiralble srurious pulses from the coincldence cirvcult, Then
the scaler and milliameter recorder will show the number of ¢oin-
¢idence pulges from the G.M, tubes, The detail of emch circult

uged ia degcribed as follows:
(1) Geiger Mlller Tubes.

Hix tubes were used ir three pairs one above each other

to form twe trains of counter telescﬁpe as shown in Fig, 5., This

- . telescope was arranged vertically, and
l 9[' ;
- \h‘;ﬁ its plene was in the directien of the
P \ : magnetic rleridian, These tubes are of

: J’ . . : . .
1o- &—— }_:3 G.il. tubes . \ th )
RS type G.55, 20" Century Electronics Ltd,,

y. The expected working voltage is 1600-

I/—‘_‘-\\'I.-"-"\- .
. 1800 volte, but the plateau as found

Fig,B G,li, Tubes Arrange- was between 1725 to 1975 volis, then
ment, '

the cyperating voltage wos set at 1775
or 18500 valte, The dead time of these tubec is 100 microseconds,
The count rata of each channel is abeout 2000 counts mer wminuta,
Thus the counting less according to the dead time of C,M. tubes
can be neglected, The slgral from the tubew is abenut 100-250 millj~
volts, The brass wall ig used as cathnde, The gas filling is argon

and ethyl formate, The distance between the upper and lower pair

can be set at 50, B0, or 10% centimetres,
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(2) fAplif<or.

Fig, 3 feplificr.

The twin viocuum tuboe is uwsed s twe otapges -0 cousled
pualificr,  The tebal gein of this arplificey cilrewit dis ahount 15,

tlhen the satmt gsignel from the Guil, Bube -ftor oossing Lhis

cireuit is botween -1,5 and ~4,5 wvolis,

(%) Innut Multividrotor,
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Fie, 10 laoput Multivilrator,

L

The two tvbes of Lhis eireuwit wyos riancd to bhe eonducik-
ing at tho at:hlc_ﬁtate. The heoight of the iapwut l-es, which
coe tripper tlhis circwit, nust be greoster than 1 volt, o
output af thig wart iz about -00 welis. 'Yhe »ulse widilh ¢on Lo

convrolled by the conopclitor 20 pdeofcoradszs, since 21l other
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resistors ore fised, ‘bhe ulse widith {or this conecitor iz 10
mieroseconas,  The seasibivily of this cirewit ie So high thst it

¢an be used uith the scintillazion countors, or the coun®t rate un

tg 105 counte por minute,

(4} Shoper

'DL-L]:L:H_{{.

Fig, 11 Shinpeor

:

The pulse poigtt fren the dopubt muliivibrator ic con-
trolled By this sirevit. Aho heignt of the vulos desends on the
resistor 15 ldloglhas oand 2,7 kiloohms, The in@wut, imiich con
produce toe food shooe eutmuy, wmust be prestor thon 15 velto,
The cholie cozl 240 icraloenrics, rescister 3.9 Lileoohms ond dicde
IEE ~re used for adjustiarg the edee of the pwlse of the sgpore
wave oulout, TIa the eircuic oz shsen in Pig,. 11, the outwout ia
sErore wove ith Lhay height of 15 wolts.  The outnut heigit can

e clenced as de<dirved LY chnasing the load resistonce.
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(3} Cuincidunce Circuit,

£300V D)y +300V
2K Z[e0 K
b= 1

! {1 ,thfnt

—150Y

17 Coincidonce Circurni.,

The tube 6ASE wnas uned ss enincidence or soting circuit,
The cliarnetasvistie of this tvbs is zwen Lthoit the cuwrrent wi11l e
3 to S willisnperes, it the »late ond cercen voltoge is 170 and
k.

ttvely, ot th: save tine suorressor grid velteose

r L] Wpms et
150 valts rvooc x I
aad tho eoniocd goid voloo;s iz =3 o O wvolts ond =2 wolts restoe-
Livelsr, Ths conitael grid ocad supsrsessor srid con be uss=d e
individusl egounivoel clewmsnts. It is lown thet fThe sutiui of the
- e a g 1. . 4 1 . 1 . = P L] — Fad
clarcir Le ahoni 15 wvolis™, ond bue comnbianction of Gro chansels {rom

. .. ! l L
woer san luwoer 3,00 tuhen, & and C, is about 2% volis", Then
the svwpresser @id oa set ot 12 volts ond the ceatrsal srid ot

=20 vnltsa, saichk credoec rosplving five of ohout 1O micrcoscanads,

- "

(The detail of resslviap tims oeastroessatb will be diseussad in

Scebior 3,.2,1), The sembinciien f the chanuel & ond C ore also
ied into sactbor tro--fold caincideonice &5 shown in Fig. 12, The

w

L] - N -
control grid i olso bicssd ot -20 velts, The advonioge of this

1Huasurgd by Tocllronisx oescilloscons, tyie 531,

EH;uﬂuy:d by V.0,s. Simmson modold 260,
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circuit is used for checling the stabitity of the coincicence,
which wmoy bp{nuaed Ity £he tube ifﬁqlf ar the chonge in volue of
Dinsed rosistors, Thiz con be oen by cownaring (o coinecidenec
count rate from doubls ond frdicle ecoincidance,  Every trinle
coincidence count wat oseur ot tie soace Line with the double
coinciderce, wui ususlly double goincidence count rote is groster
than trinle ccincidencelcuunt rote.  Another ad*cntﬂgn io ihaot,
it will be ecaszice in the cssce of the detecrnincokion of the active
voluke ond efflcisuey, It is unnecessary te correst the elfeet
of the wapistion of coewdie roays, since the fouble ond trinle

coivcudenes are seasured at Blhe soue tdime intorval.
(6) tenler and Decorder.,

e Fucleor Chicape nmodel 181A, and Texmas Instrunents
Incormorcied odel} PRE 1M, were usced s mcoler and recordoer for
the tirinlc coipcideago. fnother Muclesr Chicopge oodel 1614 was

used o5 s¢-lnr for double ceoincidenco,

{77 Iigh and Low Veolizpe Powsr rfupplics.

Two ueloay Chicago model 161IA, nnd one MNucleor Chicago
medel 1620 ca were voed us hizh voltoge wewer sunplics, The
reguloted cower swily +300 cnd -150 velts was uscd as the low
voltoge »etvar sup:ty,  Tae AC lincs for every sart wos stabilked

by = voltoge siabilizer, Craft type 1X022 Ko 15G36.
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3.2 Adjustuenis oand Mrasurancnts of the Characteristics of the

LSystcm.
3.2,1 Adjustment of Beosolving Tine of Coincidence,

The rosolving time of the coincidence depeonds on the
iaput pulsce uidth ond the bias voltage., In the case.cf the countoer
teleacone, the resolving tirme should not boe less thon 5 micro-
;EECDRdEL If it is teo zn0ll the counting will be aecidental
count, since the norticle sheuld hove n tine for L{roaveling freom

the upper te the lower detector,

The twoe pulse oscillater woas constructed os shawn in
e eircuit diagrsmn in Fig. 13.  The sowiooth wave forn from Lthe
thyrotron reloxction circuit was fod fto two univibration circuits,
The putput frow fhe univibrator is= rs shown in Fiz., 13b, the posi-
tive pulse con be shifted by the change of the pulse width of the
nefgative pulse, which is centrolled by the bissed resistor of the
univibrater., The positive pulsc then wos f2d te o high ompgative
bicsed anplifier, which will owerate only for positive pulsce,
thon the negotive pulse will be formced at £hc output of this tube.
Two identical wuiplificrs were used Tor two univibrators., Then
these twa pulacs fronm the anplificrs ean be uscd for neasuring

the reselving tinc of the coincidenee dircetly,
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fig. 1% Two-Pulse Oscillator
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(bl

Fig, 1%b T™wo=Pulge Qscillator,

The two outputs were fed into the amplifiafs of the
coincidence circuit. The output of twe shapers were seParated to
¢onnect to the inputs of the double beams osci}loscopej The
ogcillator wae adjusted until the time lapg of these two pulses
was 10 microseconds, The pulse width at the output of the shaper
was alsos adjusted to be 10 micrnsécnnds. Then the biag voltage
of coincidence was adjusted until the output pulses from the
colncidence could pass through the discriminator% The same method
was used for another double colincidence at the =ame time, In the
case of triple ¢cincidence at first the twes inputs were at the
control grid end suppreesor grid was connected to ground, It
was found that for double ceincidence the control grid was -20
volts, and for triple coincidence the suppressor grid was at =15

ralts, the control grid at =20 volts,

DLy Egtermination of tha ﬁccidEEtal GDEEEE.

O N R gy oy ey gl B A T ——— ey —— ——

The accidental count statistics was derived by

M g s el o o P e g ] i A T M S g s — g e g S el g g g ——— — -
1 . . . \
Cossor osdilloscope was used in this adjustment,

2 . . . .
Teaktronix oscilloscppe was uzed in this measurenent.
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Sehif{l (29}, ond imvraved and fested by delinrt ond Shonka (300,
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Ehede count rates bo Nﬂ, Hﬁ F1~A HC. YMen the cembinnstion of two
chonnels A ond I3, A apd ©, 4% and C, was fozd Lo Lhe tleuble

a ) 1 - . 3 - - Yo +- ] amr, o= Pl - mye B g 1
coineidonece circuls, icf these couni cobtes bo ﬂﬁB‘ HDC mnd Jﬁﬂ’

ropyeciively, Lt was Fouad thas

Hh = 1500 chm,
I-fB = 1500 epn,
HC = 1700 S,
”13 = 13,5 YL,
HBG = 12,0 el
o= i, e,
T = 10 BSeG.,
tien e = 1,02 T,
fame a,0z €.

Garedy Npoeprnin tion of thoe Srddicicney aof Coincidonceo,

Feor threo sounters glaced in o lins in o vertical
alane, a trisle coincidonee may resrescnit fle honsone ol o single
roy tlireurh the train of gountors o the sinulicigons cxeitaticon
of the three counlers by soverel ooys from - shower. Lillovise
a double coluncifence Detueen the bwo oxtrene countors @y oo
couced by on giaclse sy poasoiay bhooupgh Cheon or 2L ooy b
coused vy showver »ariicles aosoing thiroush tlhie 2rrtrooe countors,
Tf the observed trinle sod denble coincidonce v tow nre corrccoted
fer aecidentnl coupts ud luter coriestsd Joy §

receliing rotes will conresont oo Sing le roy bhienpgh 211 thirce



31

ceunters, Suese two roton chould e caual provided that $he
certral eovnter spoducs - ray nosses chroupgh ikl Liftce the eodite

turs ore 2ot oooisecly of ficient in pradengiag oulnes khe cosrocicd

ratos aire ant o caunl ~ad e efficisncy is siven by Lhe resio of

the trifla rite Ht crnd doubls rote o as showi by the exreripaent of

da?
Strect ong ioodward(23), The efficicnoy NEKH&, if 211 the doullc
rote wore subsiroceved by o constoat 0,052 count wor ndinuvtes, oris-

1

ior Treoiz the distributios duse Lo sbotors, will b true ofTficiconey

and ladenendent of the spoeos bDeitweon thio cobvntors.

The ¢,17, tubses wore 22t ns ian Fig, B, the tri-le aad
doutkle gceinelidence eount rotos wevre rocerded, and then tihooe
count rotes wore correctoed Tor ascidental cownts ond sliovers,

The reculis wvore & fallows:

N, = 16,533 cpm,

Hﬁ = 17,566 ity , aftor the accidentcl counts

wore corrected. Then the officdconcy con be caloulstcd to he

3]

- 36,535
17.556-0.055 = ©+9%-

During crery seasvrencnl the douable ono teial: cedinedidence wos
detectod oll the tinges, sund it was feund that the eoffiedicncy did

rot chongs very such,

5,24, Detcrnination of Active Velume of counters.

The zebive volwie son be detorsdned in the saoc

man:ier as Street and “oodword's enneriment{28). The three
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counters are arranged as shown in Fig.lda, and the ratioc of the
triple to double coincidence were calculnted for variocus dis-
placenent of the c¢entral counter; Py assuming that the ¢ounters
behave as uniformly sensitive rectangular greas as shown in Fig,
l4e, the approximnte exprescion for the ratie as a function of

tlhe displacement and the disneter I is as follows)

Il

(n} (b) N /My K[l-—E(s;’D}Ei for £ <D/2,

Lt O
’M....:*- v . N, /%,
n p— i
xi) ﬂ l*jg?l } The wolues of K and D are
| |

determined from the maximum aond

-
fi;) { TR} half values of NEKH&, and sub=-

A

K(l-siﬁ}z for s >D/2.

strocted the double roate by 0,052

_-—:1_3
T ¢ount per minute from the exXperi-
e :

mental observotion due to chowers.,

132

Then the nctive diameter I con he

d\j-’/ fﬂund'

{% The zctive leagth L can he

rig., 14 Deterrmination of uzasured in the zame way os that of
Active Volume. diameter by turning the centrol counter

through 90%.5 shown in Fig.lhib.

The wooden frame wos constructed as shown in Iig, 15,
The central counter con be poved by adjusting the zcrews, The
single G,M., tube triple coincidence was used, The acclidentnl

count was found again for the single tube, and found that
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Fig, 15 The Arrangement af the Active Volume Deternination,f

Nog = 0186 CPhte
“nnc = &,.005 CPM, -

The triple and deoubls coincldences were recorded at the
some time and at various displacenents of the central countar,
The arrangenent as shown in Fig, 15a was uscd for deternining
the active dianeter and that ac shown in Pig. 15t was used for

the active length measursrent,

The triple ond double toincidence count rates were then
corrected for the accidental counts and showers, The result of

the determination of the active diasieter is as shown in Table Amly



Table 3-1

The active dianctor detersination.

x}

N

a
distanrce doub, ooia,
i e, ratec,

4 E.EHfO:EEHW
o5 5.3220, 22
-2.75 £.1020, 19
-z 2,000,048
-1.75 5. 881079
-1.5 7.40%50, %2
-1 5.33ip, 28
o 6.0730. 31
1 6.0750, 31
1.5 G.6020, 22
.75 5.90%0, 32
2 5,90-0, 3k
2,35 7,1640,3%
2.5 6,500, 32
3 5.9020,30

it

t
tr 1 -~ i o Y
ri, eoiy dtfhd
rate,
T F ¥ -
0.63-0,01 0.1 -0,010
1.5620,01 0.238Z0,016

1.84%0, 01
2.0630,26
2,3920.19
3,95%0, 20

0.%1250.019
+
0. 230=0.042
0, 42250, 038
o.5h0X0 037
0.563030, 0k
0.59520,0063
00,7250, 054
0.420%0, 037
0.44520, 058
0. 47120, 037
0.252%0.00%
0.2357X0, 025

0, 104510, 015

i



Trkle 3=-2 The active lg:nr;ﬂt detcrminction,
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[ 5 N, M,
distonco donb. soin, tri, coia, M, /H
: . . |
i:1 com. rote. roto,
-29.75 6.56%0,16 0.21%0._03 0.031%0.005
-27.25 B,AGT0. 17 0.21%0.05 5, 06070, 006
—zl. 95 L.avio.z0 n.62%0,07 0. 1%3%0. 006
-22,25 6.50%0.39 0,3920.10 0.135%0,005
-17.25 6.o0ka. 32 0,990,127 C.150%0. 008
0 6,7400, 33 1.02%0.1% 0.15226. 005
17,25 G, helo, 3 0.,9750,10 0,151=0,006
22,25 £,5520,32 C,79-0.11 0.418%0. 006
2,75 G.7120.30 o, boXo, of 0.07230, 006
EV L 6.%0%0,33 ¢, 1950, 06 0.02720,003%

The mrronh of the rotioe o L) onG

t

moents was plotted as saowva ia Pig, 16,

Fipg.16

I-.'t.. voersus the displacce-
i

-3iTr1522.1%

The pgraph of Z=.Ft/1‘€1 T
4

i;-:! 5 .;7.1 %

CIsvs S
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Then the active dinueter ﬁ can be found by caiculation
from the graph in Fig,l16a., In the case of the active lenagth, L
should be coleulated frou both =ides of the graph in Fig.léb,
because of the asymmetry of the curve of the twe sides, The coor-
dinate alsc was shilted to fit the expression of the active diameter.
Then the length from both sides of the graph were calculnted, the
agtive length being the average of the length from both sides, Tt

was found that,

(1)} the dismeter D is 3,8 centimetres,

{2) the active length L from the left hand side of the
praph is 46,8 centimetres,

{3) the active length L from the right hond side of the
graph is 54,7 centimetres,

thus the effective active length is 51,25 centicetros,
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