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CHAPTER IIX

EXFERIMESTAL TEUAILS

111 Detection at Yariguws Altitudes of Cosmic Raoy Stars By Nucle

Enmulsion.

Eighteen of Tlford 6% Huclear Hescarch Emulsion plates 300
microng thick were wsed in this experiment. The manufecturing date
was tyenty cixth Bovember 1962, and the date of arrivalat Jangkol
being 19th December 1962. Whe platc%&cre divided into five groups.
Each croup had twe packets, contsining two plates cach. Thesce four
groups wore exposcd in feur differeat places in Chiengoai at the same
tine on the first of January 1263 in veoriticel posgition. The rost uscd
o bzckground determination were developed ot the Depariment of Fhysica
Chulzlengkorn University on the cighth of January 1363 r~fter returning

from Chicngmai.

Orne packet of plaotes in cach jroup wos processed on the twoenty-

TiTth of Fooruary. The rests were processed on the tenth of April 1963.

The dutopil eof places, exposure times ¢tc. are given in Tzble 1.

R Altitudes Time of ecxpo-| Numbor of
Flecces in meters. | surc in dzy. stare.
() 1 (B} !
Wat Suen Dok 313,76 49 92 - 135996
Doi Suthep 1,680.00 40 9z 2,241 -
Doi Intonone 2,000, 00 49 92 1,767 | 5,539
Doi Intancne 2, 995,00 49 92 1,701 | 3,525

{4) = after 49 days {B} = after 92 days
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IT1.2 Theg Developmont

The process of development of nuelcar enulsion plztoes 300
ricrons thick is bazed on temperature develorment of Iilworth,

Qcchialini and Payne (18) as shown below:

Solution's Preparationss

g2+ Developer ("Erusszels amidol” developer)

distilled wzteor 1,000 c.c.
boric acid 3% sns.
sodium sulphite anhydrous 10 ems.
10% potagsium bromide solutiion 8 C.Cae
ﬂmidol Johnzon de5  EMS.

boric cecid 3% gms. and sodiun sulphite 9.5 gms. were dissolwved
in 500 ¢.c¢e distilled water at 60 G. Thiz solution was cooled down

to 20 €.
EteE 2
Ariidel 4.9 gmg. and sediuvum sulphiie 9.9 pms, Tes disolved

in 500 c.e. distilled water &t lower tempersture than 20 ¢.
Step 3

the solution in step 1 was peurcd ints the solution in step

2 mently.

Step 4

potagsium bromide was =z2dded in the solution of step 3, then



b
[ ]
caglad Ao 5 0L
ha ﬁtop bath: acetic azclid 0-2 - 0.5 %
¢. Flxing solution: ypo 500 gma.
spdium bisulphite A gmgy.,
water add Lo 1,000 c.o.

d. Hype indicator:

distilled walor 180 o.c.

Fotossium pertiancanato 0.3 @us.

scdium hydroxide D.6 gna.

woter addecd {o 250 c.ca
2. Glycerine solusion: 0.5 « 1 %

The develowment's procoss

1. The plates were sosked in distilled water at 5 C. ior

T5 mirutes.

.

¢. Thnen they were soaked in "Drussels zmidol" developer

-
szt 5 0 for 79 minutes. The chemical rcactiorn did net occur becmige
of low temperature, but the developer is zllowed to penetratc
through emulsions and the mzximum pencirating nower of the solution

ig spproxizatcly at 5 O.

3+ The develspinag actian was set to work by warming the

selution up te 23 - 25 C for abeut Abminutes,

4. The plales werc cooled down %o 5 C for 30 minutes.
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o,
5. The plates were transfored te stop bath at 5 Cofoer 1

hour,.

£. The stop tath was rcmoved by washivg in slow running

o
water a2t 5 C. for 1 hour.

T- The uncxpoased silver Yromide was removed Uy zsozking the
. o o ) ) _
rlates in fixing scluticon at 10 - 15 G. with ogitetlion for 14

hours.

e The plated wore remcved from the fixing both aadé washod
ka o }

in sleow runring water 10 - 15 8. for 24 hours. The hyppo was cog-
pletely romoved to proevent lapicr facding of the developed lmane sc
that the hype indicatoer was used to assure complete removal.
Soveral drops of thic sulutien, cwdinerily vicleki in colour,
when added to a ganmple of water containing hyso wili furl fto orahge
in less ther a2 ninute. ©On the contrary with largc hypo coneentra-

tions, the resull will te 2 yellow celoraticn.

9. A larse shrinkapge in thickness agcured begausco of the
gilver bromide wazs roemoved during fixmirg. The eualasiong wiore o=
praimated with sufficient glycerine sfter processing so that the
final thickrness may te brnughtto the original if desirei., This

stex the time required was 45 minuteas.

[

(4 . . B
10, The plates were kept in a desiegater harizcntally, using
czleium chicride to dry for 3 days and werce left to ﬁr?t@ completely

ir at¥ for 4 or 5 days.
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-

A Shin film of silver is uaually foramed on the surface of

the emulsions during developrent because of hizh concontraticn of
sllver brenile in nuelear emulsicns and its partial solubility in
the develcper. 3By using z wet chamcis oy the finger tips, silver

Loposits coull. be removed in final washiars,

fdtercguvively, the mieroscope inmgrsion o1l znd lens tissue
nay be used te wipe the silver off wheon the emulsion was completely
]

dry. Caotton, zeistened with alechol or xylene was usced in clean-

ning the microscope imcersion oil.

IE.3 Ingtrunent and Exnerisental Froecoedure,

The Migeroseope.

L low power pBjectiwe o was uscd in the scenning. In the
present work, a Cooke - Trouchicn wucleszsr Znulsion Microscope tync
B 40364 was used. The mlcroseope 1s eguipped with eyepicees and

onjeciivesz. In ithis exporiment s o polr of 210 compenscting

C‘FE-PiCCDE and an (_‘-bj(.‘{:ti"-"ﬂ o 10 magnii’j.caticns Fore U.EEdq.

Micx»cnoope Setting

The plate was placed upen the stage of nicroscope and with
o low newer oojocetive (x10) im the aperating position, the spoaci-
nen was oroucht into focus by the motion yhich raisces and lowors

the stage.

. L . . . o 3,
The concenser iris was closed and using the condonscr Locusine:
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sdjustment, the iris wes brought inte focus. The iris aporture was
set to the center of the field of view of the ecyepiece by means of

the two condenscr centoring sprows.

The condengser iris was then oponed and the lamp iria wes
closged and the field iris was brought inte focus by mcans of <he
.condenser focusgssing aﬂjustmunt. The iris operture waa set to the
center of the field of view by the.two mirror adjusting screwno in

the basc nt the Ifront of the instrumenti.

The eleciric light DUlb was sildcd inwards or oulwards oy
the lever provided until the filament was brought inte foeus;, and
nrought to the center of the field of view by the two lamp contering

SCIDWSa

The lamp wus moved ocutwarda or inwards until the [ield was
evenr illuminated. If the light beam was not direceted exially into
the condenser, the track would be twisted. The subsidiary condenser
loens in the base of the instrument was used to ensure oven illuming-
tion witk the lower power objectives. It was done by sliding it

behing the window in the base by means of the lever on the leflt.

Tho iwo eyepiesce bubes can be vsricd by =liding the adjust-

ment irwards or out-wards for the comfort of the obaeocrver.
II.4 Procodurc.

The plate was sconned by placing upon the stage of 1ho micro-
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scope that cen be woved slong two mutually perpendicular directions,
the X = and ¥ « directions. The siagc wolion is facilitated by
means of two screw gauges which @give the distance travelled in

each direction.

The woy Lo wove the plate tc right and left along the axis
i copdled X-axis znd porpendicular to this direction is called Y -
nxis, The coordinctedof events X ond Y were recerded o avoid cepea-
ting the same cvents mare then oncc.  The imzga of wig stars were
sketched wund the nuaber of 2 prong sturs, 3 prong stars to 5 prong

star were countbed,

Thne sconning area in each plate which wes exposed in the
olher placcs wes 4 x 5 square centimeters. Az the nuclea» emulsion
plate was bigeor then the movemont of the stape, the plate vwres
divided inte four areas. All stars from each area were counted in

crder to find the star rate in siprs per c.c. por dey.
The star rate can be calculated by usingt

The difference botween the number of sbars in lwo plates
which was ecxposed and developed on the same day {ron cach place
and the nwabers of stara in two plates from Lockground divided by
the number of plates, multiplied by scanned arca {4 ¢m. X 5 cme)
ard the thickness of nuclear cmulsgion on the plate (300 x 15_4cm¢}

and the number of days which the plates were exposcd {8 Janusry -

25 February)
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and -G Jan. - 90 April)., The results are shown in table 11, L1I,
IV ond V respectively. The errors ghown are standard errors and

he

caqﬁcalculated faam: as followed,

Let d Lo the number of stars which ggour in o volume ¥V oc.o.

of an cmilsion cxposed in £ days

Star rate = _ B sturs / c.e. / day

I

Error of atzr rate




Tgble 1T Frequency distribution of stars at Wat Suan Dokf{313 m.

altitude

lio.of 1 Jo.of stars Star rates in star/c cfdhy |
por et S g oo et [osie sl T
2 | 188 595 1- 3,68 T 0,10 3,68 £ 0.18
T T e [ T e se e s e
g e | 1161 | | 7.51 % 0.26| 7.51 % 0.26 '
5 72 | 1?6 E -_“5_96 ;-é-aé Oy 9¢-;_6 Ga
T T T A R oo Gé_:t__[_h_;]_5_:”;}"(]_;;;]'..(:.13“
o7 s s ] -0.02 £ 0.01{-0.02 = 0.01
IR R Y /0. . h"b"éé.:'b“ée 0.04 £ 0.07 |
) é-_._ "g-- ------ “i“J. g b2 ) G.GE i 0.51- o 5§_¥ G.u;.%
_ “ﬁé‘“j"“;"i"'"" 1111111 {“‘“"' ] i ;O DE-;“6.611l0 02 i-Daﬁiw
Mo - ' ""-a"d{'l 0.01[-0.01 % 0,01 |
1é . "2“-." e D 0-1-1‘“0 01 | D_Oé"—‘ .*5}-.()1
.;j__ _{_ . _H_ LD LML g, ,:.‘ I D —___m_1
EVRR S D 1| | ©0.02 £ 0.01; 0.01 % 0,01 |
v R R
Totel rete of produciicon of stoars = 24.481 + 0. 47 stars/c.c/ﬁay
The rate of production of stars 32 prongs = 20.1 £ 5,40 L
The rate of producticn of stars 5 prong = 0,118% C.03 " i
"plates were damaged during expesure
i
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Table III Freguency distribution of stars at Doi Suthepgaltitude

t
[

1,650 may

Ho.af o.of stars Star rates in star/c,cfday

PR ST 0 o, rospnt svan - il
2 1566 [532 2.50 £ 0,21 | 2.50 = c.21]
5. 5541122 75110 55 el 751 - 035
1 332 ﬁné 5 "-4.?9 : 029 - _4_?9 tozg
6 | 6l 11| leos=zoworl 1 0,09 % .04
70 sy 3| |-003ftow2f | 0003 %002

e | 4| s leworrowos| | 0.07%0c.03
s ' 2] 4| | 0.03% o2 | 0.09 t 0.0
10 E 3 3 v -
2 | oo | 0.02 £ 0.02 0.0z £ 0,04
13 1 1 - | -

R N T B T 0.02 £ 0.02
LE S S 1
Total rate of production of stars = 16.21 T

The rate ¢f production of stars ¥2 prongs

The rate of praduction of stars > 5 prongs

* plates were damaged during exposure

0.52 starsfe.c/lay
13.62£0,48
0. 17£0.05

LE]

i
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Table IV Frequency distribution of stars at Doi Intanone(altitude

25000 m.y
Ho.af Ho, of stars Star rates in star/c,cjday
PronEsE T . 257 bl0ApTIL . Mean
: =2 Jp-r-l - eh. .- .
FE;_starn196* 71963] 1963 | ) an-2oreb. Blan.~104pril

2 158 1 255 525L 1.26 * 0.18 } 3 05 ﬂ 1? 2.42 I 0.24

0
3 J 6&4 555 1751 | 3.02 ¥ Q.22
SR P I T
4 332 451 i JLE} 3.02 £ 0,23 5 83 + O 2} 4.01 % 0,30

9 65 t 10.30 6.26 T o, 37

= 3
5 T2 12t | 222 0.85  g.12 | 1. 24 t 0,10 | .03 t 0.16 r
é."_- -méq 10 | 16 ﬁ.a? X ﬁ.oﬁ C.0y = 0 o3 .08 % 0,01
71 s| '9"""&3['é'.o%"f"&:.'o; 6.07 * 0.03 | 0.07 £ 0,0
'_a“_"-m"_1“"hvﬁhtl ;é “D-DT ¥.0.03 .10 * ©.03 0.03% £ 0,01
__éq_“ - mé_u__g_L.._a”_, ph ol 56,65 _Maaé;'“"_§165 : gnééwf
.;a__. .“méq."mz_! ”"H'_o Dz t_énﬂé_ . R d_:;;é;_; g:aé_
S R TN e — U R
"o L [ - T el T
12 - 1 31 0.02 £ 0,02 | 0. 03 T 0.02 g.c2 = 0,02
R TN ST R B Py VAP 02 [0.02 £ 0,01 | 0.02 % 0.02
14 - 1-- _“; ;5 n? £ O 0? 0. 01 i U 01 0.01 # C.02

Total rete of production of stars = 14.16 T 0,57 stars/e.c/day
The rate of production of stars » 2 prongs = t1.7T19QD.51 I* |

The rate of production cof stars »5 prongs = 0.27%0,.08 "
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Table ¥ Frequency distribution of star at Dol Intananqu,SQS Tis

ﬂltitudel)

loeof Yo, of stars IStar rates in st r/c. fdﬂy

1L T T T T Mean
PICNES | g1an ESrEbFOﬂnlll Foo, | 67

: e - N Fay — 1O rll 1
pox_stari963] 1963 1963 ] e oo T

2 185 | 269G | 505 1.77 0,90 | 2.07 * .16 2

(.
-4
v
[

e Y . A

*
3 634 | 52)11?16 2:45 t 0.21]9.35 t p.29 5.82 t0.37
Z 332 | 428! 920 1,6? T 0.7 5:32 t D.22 .45 L0,
5 ] 299 | 1.08 % 0.45} 2.06 £ 0,15 | 4,51 % 0.19

L
I
. - e e . 4 d . . - ..
c A 19! 25 | o. 25 t 0.0610.17 £ 0. Gér 0,20 £ 0.07
RV DU S _

j 7 5 10 13 | 0.09 t 0.04 { 0.07 t 0.03 o.@a_; 3.05

8 o B 131 0.12 % .05 | 0.1 + ¢.03 J.1% Q.06

i ;
g 1 2 61 12 | 0.07 £ 0.03 0,09 * 0.03 | o.08
|

L 9 2 0. 05 0,02 | 0.03 toe.c2

B} R A SR B S IR _

11 i 1 f - | 0.05 t 0.02 0.0% L g,02

1200 - 2 3] 0.03 * 0.0210.03 X 0.02 | .03 E: ¢.03

e _].h_ e T el I R

13‘ 1 1 1 ! -‘l T - _ . - - - - -

' ..,_,__,__...|._.________ R B i

s P - - E - - - -

- ....l_-. - - - - [} . ——— - ; - - _._.._.;_....._
Lo - 1 - 0,01 T 0.01 0.01 X c.on

LS W B N 001 - B0 | 20l 2 R

| Totel rate of production of sters = 13.75 ¥ 0.55 stars/c.c/day
The rate of produstion of stars » 2 prougs = 11.45 T o.50 "

The rate of production of stars 25 prongs = 0.56 T Q.11 "
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Yzikle VI~ Comperizsfoi star rotez per numbargaf prongs Por siar

vetween Wat Suen Doiy, Dol Suthep and Deoi Intanono.

ﬁg,gf prongs Btar reteo per c.C. por day
per star 7at Suan Dok _"_d Doi Suthoﬁn_ Doi Iﬁtﬁnonc_
313 m, ] 1,65__D . ‘24595 m, |
S 2 20,1 £ 0.470 | 13.62 + g.a82 11.45 £ Q.50
PR Bi5T £ 0.278 | 6.16 £ 0,322 575 £ 0,359 |
>4 1.06 £ 5,058 1.48 £ O"."'15B' 2.11 % 0,225
=5 0,115 T G.033 | C.17 T 0.05% 0.56 £ 0,11 !
> 0:021 £ 9,017 | 0.035 2 0,038 | 0.1 % 0.11 |
1 Tc:utel I__2111 t{}.c','r 'l 16.21 £ 0.523 | 13,706 % 04551J
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