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R e s e a rc h  c o n c e rn in g  to  th e  s tu d y  o f  "C osm ic r a y s "  by u s in g  th e  
N e u tro n  M o n ito r  h a s  n o t  b een  p r e v i o u s l y  c a r r i e d  o u t  i n  T h a i l a n d ,  b e c a u s e  
i t  i s  d i f f i c u l t  to  f i n d  s u f f i c i e n t  money to  buy a  re a d y -m ad e  a p p a r a tu s .  
As a  r e s u l t ,  th e  a u th o r  was o b l ig e d  to  c o n s t r u c t  h i s  own a p p a r a tu s  from  
p a r t s  a v a i l a b l e  i n  th e  P h y s ic s  D ep a rtm en t i n  o r d e r  t o  c a r r y  o u t  th e  
r e s e a r c h .

^ะๆ GENERAL VIEW OF THE APPARATUS
The a p p a r a tu s  u s e d  i s  s p e c i a l l y  c o n s t r u c t e d  to  p o s s e s s  th e  

f o l lo w in g  c h a r a c t e r i s t i c s :
ๆ. The n e u t r o n  p i l e  i s  S im p s o n 'ร ty p e  (ๆ ๆ ).
2 .  The g a s  u se d  i n  th e  c o n t a i n e r  i s  b o r o n - t r i f l u o r i d e  ( B ^ F , - c o u n t e r )  •33» The e l e c t r o n i c  c i r c u i t s  a r e  t r a n s i s t o r i z e d .  (M ost p a r t  o f  th e  t r a n ­
s i s t o r i z e d  e l e c t r o n i c  c i r c u i t s  w ere c o n s t r u c t e d  on th e  c h a n g e a b le  
b a k e l i t e  p r i n t e d  c i r c u i t s . )
k .  The c o u n t in g  r a t e s  a r e  r e c o r d e d  a t  e v e ry  15 m in u te s  i n t e r v a l  by a  
g ra p h  r e c o r d e r .
5 . The tim e  m a rk e r i s  a d a p te d  from  a d ra w in g  p e n , and  th e  r e l a y  i s  
s p e c i a l l y  c o n s t r u c t e d  to  f i t  th e  e l e c t r i c  c lo c k  u s e d .
6 .  A ll  th e  pow er s u p p l i e s  u s e d  a r e  r e g u l a t e d .
7 .  The AC. l i n e  i s  s t a b i l i z e d  by "CRAFF" AC. s t a b i l i z e r  m odel 1KD 22
n o . 15632 .
8 .  T e m p e ra tu re  v a r i a t i o n  o f  th e  eq u ip m en t i s  l e s s  th a n  two d e g re e s  
c e n t ig r a d e  th r o u g h o u t .  (The room te m p e r a tu r e  i s  c o n t r o l l e d  by a  th e rm o ­
s t a t  i n  an  a i r  c o n d i t io n e d  ro o m .)

The b lo c k  d ia g ra m  o f  th e  a p p a r a tu s  i s  a s  shown in  F i g .  k , ๆ.
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E F
p h o t o g r a p h ,  o f  t h e  A p p a r a t u s

*1 P r e a m p l i f i e r  (Eh ) A m p l i f i e r  ( ร 2 )

P i g .  ^ . ' ]  B l o c k  D .ia g ra m  o f  t h e  A p p a r a t u s
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k : 2  BF^ -  COUNTERS
The c o u n te r  i s  th e  s t a n d a r d  sim p so n  cosm ic r a y  n e u t r o n  d e t e c t o r  

ty p e  m odel NC 219» The tu b e  w hich  a c t s  a s  c a th o d e  i s  made o f  b r a s s ,  and 
f i l l e d  w ith  b o ro n  t r i f l u o r i d o  Gas i s o t o p i c a l l y  e n r ic h e d  to  96 % B -10 
u n d e r k^o  OKI, Hg4 p ressu res»  The t o t a l  l e n g th  o f  each  c o u n te r  i s  k2  
in c h e s  w ith  an  a c t i v e  l e n g th  o f  3̂ + i n c h e s ,  The d ia m e te r  i s  1 ,5  in c h e s  
( a c t i v e  d ia m e te r  1 7 /16  i n c h e s ) .  The ano de  d ia m e te r  i s  0 ,0 0 1  i n c h e s .

The p l a t e a u  o f  t h e s e  c o u n te r s  i s  b e tw een  1700 to  1875 v o l t s ,  
and  th e  o p e r a t in g  v o l t a g e  i s  1800 v o l t s .  The p l a t e a u  s lo p e  o f  th e  
c o u n te r s  i s  l e s s  th a n  0,085 % p a r  v o l t  1 and  c o n s e q u e n t ly  th e  chan ge  o f  
th e  c o u n t in g  r a t e  due to  th e  v a r i a t i o n  o f  th e  h ig ’h v o l t a g e  s u p p ly  i s  
v e ry  s m a l l .



29kl 3 THE NEUTRON PILE
The s tru c tu re  of the 3-counter un it neutron monitor i s  shown

Photograph of the P ile

P a ra ff in

Wood

F ig . 4.3 Cross sec tio n  of the p i le  (ๆ: 10)
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The BF  ̂ counters l i e  in  a h o rizo n ta l row. Each counter i s  

surrounded by a lay e r of p a ra ff in  (Hydrogenous m ateria l) about 1.23 
inches th ick  (11) which i s  ca lled  the "inner m oderator". The func tion  of 
th is  moderator i s  to slow down, or to moderate the neutrons to the s u i t ­
able therm al energy to f a c i l i t a t e  th e i r  capture by the boron t r i f lu o r id e .  
The inner moderator i s  a block of p a ra ff in  of X น,, cross sec tio n  area 
and a t the cen ter i s  a hole ๆ.5 inches in  diameter fo r f ix in g  the counter. 
The block i s  inches long. A counter in s id e  an inner moderator i s  
ca lled  a "Counter assembly".

Surrounding the "counter assem blies" i s  a mass of lead (10)
2 inches th ick  which i s  ca lled  the "Producer", and a c ts  as the main source 
of neutrons in  the m onitor. The producer i s  b u i l t  of s ix ty  2" X V'X8" 
lead b r ic k s .

Surrouding the producer and the counter assem blies i s  a p a ra ff in  
enclosure 10.5 inches (11) th ic k , ca lled  the "R efle c to r" , which also  
moderates the neutrons and r e f le c ts  back the neutrons th a t might escape 
from the p i l e .  Another function  of the re f le c to r  i s  to absorb unwanted 
low energy neutrons from the atmosphere and from m ate ria ls  in  the v ic in ity  
of the m onitor. The re f le c to r  i s  b u i l t  of 2 3 0  d if fe re n t s iz e s  p a ra ff in  
b locks. Most of them have dimensions 10" X 19.3" X 1 .5 :,«
k ik  ELECTRONIC CIRCUITS

Most of the e lec tro n ic  c i r c u i ts  are t ra n s is to r iz e d , and th e ir  
general c h a ra c te r is t ic s  are as follow s.
1. They are highly s ta b i l is e d  by the feed-back loops.

The noise i s  kept low by keeping the c o lle c to r  cu rren t low.
They are independent of tem perature over a f a i r  range.
They have high input impedance to match the BF_-counters.*

2 .
3 .

5. The o v e ra ll c i r c u i ts  are w ell p ro tec ted  from any ou tside  d istu rbances
such as tr ig g e rs  or sparks.

The c i rc u i ts  co n sis t cf p ream p lif ie r, am p lif ie r , d iscrim ina to r 
and wave shaper.
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ะ 1 P ream plifier
The p ream plifier i s  a fo u r-s tage  R-C coupled c irc u it» . Four 

"OC 70,! t r a n s is te r s  are being used. The c i r c u i t  i s  designed to possess 
a high input impedance and a low output impedance. The gain of the 
p ream plifier i s  maintained almost constant a t  about 100. F ig . (a)
and (b) show the c i r c u i t  and the c h a ra c te r is t ic s  of the p ream plifie r 
re sp e c tiv e ly .

0C70 0C70 0C70 0C70

F ig .h .k  (a) P ream plifier C irc u it
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F ig . 4 .4  (b) P re a m p lif ie r  c h a r a c te r is t ic s *

4 : 4 : 2  P u leo  A m plifier
The p u lse  a m p lif ie r  com prises s ix  R-C coupled feed-back  loops# 

S ix  "0C?0" t r a n s i s t e r s  a re  used . The ga in  of t h i s  a m p lif ie r  i s  co n s tan t 
a t  า05 times.. F ig , 4 ,5  (a) and (b) shows the  c i r c u i t  and the c h a ra c te r ­
i s t i c s  of th i s  a m p lif ie r  r e s p e c t iv e ly ,



0C 70 0C 70 0C 70  0C 70 0C 70 0C 70

F ig , k ,5  (a ) A m plifie r C ir c u i t ร̂Cm



* Fig» k , 6  and. 7 show the c h a r a c te r i s t i c s  of the  p re a m p lif ie r  
and a m p lif ie r  o p e ra tin g  to g e th e r .

co m b in ed *  v o l t a g e *
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k i k i j  D isc rim in a to r
The d isc r im in a to r  i s  a one t r a n s i s t o r  c i r c u i t  as shown in  F ig .

If.8 . The n eg a tiv e  p u lse s  from the  a m p lif ie r  a re  fed  in to  the d isc rim in a ­
t o r .  The d isc r im in a to r  i s  s e t  by b ia s in g  the  base v o ltag e  o f the  t r a n s i s ­
t o r .  A 2*f ohms v o ltag e  d iv id e r  i s  added to  th e  in p u t to  get r id  of any 
u n desired  p u ls e s .

2SB17Ô

' I -9V
5
?  $

F ig . Jf.s D isc rim in a to r C i r c u i t .

Wave shaper
The wave shaper i s  a u n iv ib ra to r  as shown in  F ig . *f.9 . The 

p o s i t iv e  p u lse s  from th e  d isc r im in a to r  a re  f i r s t  fed  in to  the  wave 
shaper to  change them in to  re g u la r  shape and co n s tan t p u lse  h e ig h t, 
and then converted  to  n eg a tiv e  p u lse s  by a co n v erto r c i r c u i t  30 th a t  
they oan be fed  to  the  s c a le r s  and graph re c o rd e rs .



36

2SB176 2SB176 2SB176

F ig . if. 9 Wave Shaper C i r c u i t .

if ะ if:5 Recorders
The re c o rd e rs  being used  are  of tv/o ty p e s  ะ s c a l e r s  and graph 

re c o rd e r , ABACUS G.M. s c a le r  model 12 3  and TEXAS Instrum enta  Incorpo­
ra te d  model PSR IM are  used as s c a le r  and r e c o r d e r .
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