GHAPTER IIT

THE APPARATUS AND CONSTRUCTED CIRCUITS

From the basic circuits of Chapter iI, the stabilized trane
sigtor. . elrcuits for standard neutron monitor are constructed.,
They will be used for the monitor intended for rescarch concerping
the study of “oosmic rays™. Tnils makes it nout so difficult to change
any component broken, ¢lther hecause thgy are worn out {after Heihg
ased for a long time) or becuuse of accident, ® 211 coapobents used

for the circuits constructed ¢in be casily obtained inEThiiland.
3.1 General view of the apparatus |
The apparatus waseonstructed with the followéng featurss
1 The neutren plle is Simpson's type (1),
2 The gas used in the container is boron-trifluaride (EqGFj%counter}
3 The electronic circuits were constructed on plastic plates.
Y The power supplics uscd are regulated.

2 The AC. line was stabilized ay "CRAFPT" AL, stazbilizer mcodel KD
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Fig. 3.1 Block Diagram of the apparafus.
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The BFﬁ « gounters lie in a horizontal row. 3Bach countor is
surrouniled by layer” f paraffin {hydrogeneous materinl} 3.2 cm. thick
which is called the "irmer moferator'. The function of the moderator
iz to slow down, or to moderate the neutrons to the suitahle thermal
ensrgy to facilitate $heir capture by the boron trifiuoride in the BFﬁ:
counters. The inner moderator is a block of paraffin of 11.L X 1.4
cmaﬂ cross section aren ond &t the center is 2 kele 5 em. in diameter
for {ixing the counter. The block is 110 em, loang.. A counter inside

an inner moderater is called o "counter assembly'.

Surrotnding the "count.r assemblies" is a mass of lend 5 cn.
thick which is ¢2lled the "Producer' , and acts as the main spurce of
neutrons in the mopitor. The producer wis built of ninely 20 X 10 X 5

cmﬁ ard twenty fiwve 20 X 11,4 X 5 ij lead bricks.

Eurréundin? the producer and the counter assemblies is 2
paraffin enclosurc 15 cm. thick, ealled the "Refizctor%, which also
moderztes the neutrons and roflects back the nsuirons which might
escane from the pile. Anotusr functicn of the reflector.is to zbscord
unwante:d 1ow encrgy neutrons from the  atmesphere and from mnterial in
the vicinity of the woenitor. The reflector was built of £w3 Lblocks of
paraffin of dimeasioas 112 X 102 X 18 cmj . and four blocks of paraffin

af Jdimersions 116 W 39 XK 15 czn3 o
Z.3 BElectronle clreouits

The seneral chizracteristies of the circuits are as follows(3).

1. They are highly stobilized by the feed-bock loops and hios compeasnticn.

£+ The noise is kept low by wsing low roise fransistors oaund Ly keegsins
tre golliszetor curreant 1o,
z L v N LR X : -
Ze  Taey arc irdependent of femperature over a fairly wide range.
S e T . . :
o Tiey nave hign inpulb ampedance and low output izoedance to match

tha EFE = counters and the cable line to the scaler repectively.
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5 The ggerallcircuits are well protected from acy outeside disture

bziices such 23 tripgers or sparks.

Yhe circuits censist of pre-preamnlificr, preanplifier,

aaplifier, discriainatér, and wave shaper,

3e3¢1 Fro-przoasplifier

¢

The pre-preafplifier is o four-staze direct-counled circuit,
Tuo YA 119" and two "2 53 12" transisters were used. The circuit
was designed to possess a high dinput iwvedance -nd o low output impe-
cance to mateh the EFj = counterz and the cavle line to the preampli=.
fler respectively., Its gain is maointzined almost constant at about
20. Fig 3.3 shows the circuit of the pre-preamplificr.

Direct-counled amplifiocr oan be used ot frequency that ranzes
right down to zopo and it is possible to reduce the stability factor
ef 2t least one stage to less than unity by comblaing direct-couzling
with a resistive feed back circuit arourd several stages. Phasoe shift
aroblem by ccupling gan be ngglected hy this methcd,

Direct-coupied pre-preamplifier is most suitanle for the

wWOTK .
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Refer to Fig 3.3
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Cq #as used to block high voltage. The first two transise
tors used {AF 117} have low collector capacitance and low noise level,
They are both common-emitter; so it is suitable for temperature com-

pensation {2,910}

High frequency i1s negatively feedback through EE . R5 and Rh

was used for negative de.c. feedback while only R, wss uszed for a.c.

3

Negativ. voltage, feedback locps from the emitter of TE to the emitter

of T1 y - dncreases the stability or decreases the stability fachor

and also increases the input impedance of T1 to match the EFjucounterc

E? and R8 were used for the same purpése that R5 and R}+ warpe used feor

T1 v RB was 2lso used for d.c. feedback to the base of T1 while R8
was used in series with H1 for increasing the stability or decreasing

the stability factor of T {zee Table 2.71).

G? wos used for low frequency compensaticon; passing high
frequency sigraols from the collector of 'I'2 te ground. R1ﬂincreases

the lipearity of the pre-preamplifier.

The last stage is the emitter follower in order to match
the cable line to the prcnﬁplifiera EQ and R13 were used as filter

and C9 is also mest important for protecting electrie disturbaace

from outside,

The colizctoregurrent of the circuit ccnstructed is piven

belaowy:
I -
for AF 117 = 10 ma,
C max
1601‘“?¢U
I Ea R T 2y
C 1 10x10°.
I!:_N-
- = 0091 ma':
‘16;'1-4‘1Da?
IC 2 L= 3 ay
.. 10XT10
= =0,54 ma g
(T
B, 3 IE = )
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3:3:2 Preapplifier

The preamplifier circuit used is the somce as that of the
pre-preamplifier except that the input capaciiance C1 056 Mf and
R12 100 ohm resistor were uscd instead of the 002 Mf capacitance
and 1 K resistqr used in the pre-preamplifier. Signal drop decreasing
is inereasing input capacitance and stability factor decreasing as

decreasing R » The gain of the preamplifier wzs maintzined almoest

12
constant at albout 45,

}93 n3 !17Ppllfler

The amplifisr is a five-stage direct--coupled and one RO
coupled circuit. Three YAF 4170 a&d three "2 5B 176" trapsistors

were used. LIis goin was maintaoined zlmost constant at about 450,
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Refer to Fip 3.5
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Ce - 25
c, - L025
CS = 160 "
Gy - 025 »
Cio=t947C2 @ oo
¢ | . ,025 !
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The imgertant peint of the design of the amplifier 1s to
create an amplifier that can be used 2t frequencies ranging right down
to zerc and simultzneously is stable encuph for the purpose of our

work, The pain must also be high enciugi.

Dirzct-coupling is must suitable if the problem of drift can
be neplected. Tts disadvantage is that ths voltage of the cutput in-
crenses as more stages are added, for common emitter stage, because
the basc voltapge of each staige has to be the same as the cellector

veltage of the previcus ons.

The low values of input current drift may be cobtaired by
cperating the inputl transisters ot low values of collector current
{7). The input wvoltage drift is only slightly dependent on collecter
current, tae increass in ihvEEbe ¢ 28 nollector current is reduce:d,
tizy usually be negleocted. In order to reduce the lexkage component

of IGEG ; the collector-base voltage should be neld as low as possi-

ble .

Ortimizing the lew-frociency noise performance also galls
for low waluss of gellector currentc and collector-vise voltspe. In
general, Loe precautions talen to reduce drift also tend to give low
noise. The stability of zn oamplifier 15 determined primarily by the
input stopge. This stape is therfore cperated at bizs conditions which

produce minimum drift.
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The amplifier designed iz composed of twoc sets., Each
cet has two direct-coupled commen=emitter stages and one
end Febir-follower stage. The transistors used are of the same type,
This arrangement (rig 3.4) canget rid of the disadvantages mentioned

above and alsoc compensates for the drift (2,10),

; Rt is used for reducing the stabilify factor, Resistor H3
and R$ were used for negative d.c. feedback for T1 while Rh was
also nsed for filter for +20 v. The same method was applied to the
other se#t.

The fecdback factor for the second set can be contrelled
by K,g 2nd the gain can be controlled by R1q, So the clreuit

stability and gain can be controlled to the desired polnt.
249324 Discriminator

The disecriwminator is a one transistor circuit.
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Refer to Fig 3.5
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L2 = 15 R
= D = - 1 T nium 3
D1 5 D3 UA79 germanium diode
. The impertant point for the desigm of the discriminator is

to maintain the bias of 'J'J,l ccrhstant as temperature warles and at the
same time the discriminator can deliver the largest possitle signal
_%0 the next stage., Bias compenmsation (2.9) was used. The diode ”Dq”
was used fo keep Ib af T,1 constant whore as ”ﬁa” was used Lu kecn the
cutput voliage of T1 sonstant., The dicde “D5” was used to keen the

ontput of TE conatant .,

Common collectar HPN transistor was used as the digeriminator
in order to match T, and at the same time to reduce the drift (2.10).
The discriminator wss set by biasing the base voltage of the transistor
through R, . The resister “Rg” was usoed to keep IZI;_J ant D3 biased in
the fcorward leow impedance region. The common-base stage folloved by

‘commoheemitter stage arrangement can climimate the drift zlsc.

. el .

1 LE ant capslcitor. C_ were used Jor
2

adjusting the edge of the pulse of the sgquars wawve output. The capa-

The choke ¢oils L

citance was ndctermined oy increased by tpial uiid ortore honcivivity

of the -utput starse can be increased by positive feedback tarcugh Cé-&

3.3.5 Ampiifier shaper

The amplifiecr shaper is 2 two stuige R-C coupled circuit.

Both transistors are emitter~foilewer stages. The output i1s sultabl:

to mateh the cable line to thne scaler.
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Refer to Fig 3.6

R1 = 15 kilo-ohmé
Ry = b7 i
R, x 309 )
Ry, 4 8.2 "
35 | = 12 |
Re = 2.2 "
R? ' = 3a9 "
C.= GE = ol ME
Cq = . 2,000 "

The diode "D was used as detector to block any accidental

positive pulse. The differentiating circuit composed of C, and R5
was used to change the square pulses from the trigger to the sharp

pulses suitable for the sealer.
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