CHAPTER IV

RESULTS AND CONCLUSICH

4.1 Intreduction

From the basic circuiis of chapter II, siabiiized tran-
sizter. e¢lectroniec circuits for standord neulron moniter were
constructed. They have been described in Chaptler III. Their
characteristics concerning stability, particularly the variatiuons
with temperature, the gain and leakapg: curreat between transicisr
gf the same typuj will be presented here. Conslusion will be given

in the last scctiun,

Many prokleins nave arised during the consiruction =f this
circuits;

1. Inadequate measuring instruments in the early stase
af constroctiaon,

2, The resiriction tuo cumponents pyailable 1n Thallawd
only,

3. Thie lack of facility teo control reom temperature to

the dedired ranpge,

b, Insufficiert number of transistours to check the
variztiorn of pgain and legkage current among transisters of the

samg type for toe consiructed circuits,

5. The problem of c¢hoosing trarnsisturs,

etc.
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1
b.2 Lxperizent

Table %-1 (ambient temperature = 25 C)

pre-pream>lifier, preamplifier and amplifier outputs for

given inguts

| -3
-5 cutput X 10 7 ¥
i Inpuft £ 10 7 ¥ ]
PTe~pREANT . Tresmps BME .

6,28 3,00 2,60 3750
12,56 S.20 520 75e00
10,04 10,40 7 .80 112450

(25,12 13,00 1040 135400
31,40 15 .60 13,00 165,00 i
37.68 18,20 15,60 188,00
43,96 21,50 18.20 210.00

1 (700 35.00 30,00 370,00

100,50 52,00 45,00 550,00 .

167.50 - 85,00 75.00 gL .00

201,00 104 .00 30,00 1130,00

1
1

1 Measurcd by Sclartron Oscilioscope Type No. CDIOZ Lo3

VoQuM, Simpson madel 260.



o
Table 4-2 {(ambient temperature = 25°C}

Amplification of campleté unit

{(Pre-preamglificr, proasplifier and umplifier comained)

Input X 1077 ¥ Output ¢
!
1.57 2,20 i
5.3 © 4,00
o 70 5 G0
Balb 8.30
7.83 10,20
9039 r 11.50
10.95 12,50
12,52 1340
1,09 1375
15,65 13 .90
17.26 13,90 ;
Table -3

Temperaturs eifect

Taput X 1077 v Qutput v ]

at 257 ar 40

i % 3
1457 2,20 1492
3,13 4,00 3.84
4 .70 5. 90 5450
£.26 8.65 7.80
: 7083 10450 T4 G0
G439 11,70 12430

1 i

i

b1
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Pahle 4-4 (ambient temperature = 25 c)

Comparison of two sets of the same type transictor

i 1 :
e "
Input < 10 7 v Output v -
J,/ K
{- o
1.57 ] set 1 set &
1057 2.20 2.20 L
3,13 .00 4,00
b0 5.30 | 590
b6 8.65 8465
783 10,50 1050
9.39 19,70 11,70

Table 4-5 {constant inputz 80 microvolts)

Ugpendence on pover supplk voltage

Power supply v gutput v
B
12 3,04
13 ; 3,20
14 t 353
5 32084
16 b 48
17 ' 64
18 4,80
19 5,10
20 5,710
21 5.0
o
22 5470
23 510
| . 5520




b3

24 | 5,20
25 5.25
26 5060 !
27 5475 j
28 6.5
29 6.4%0
30 6450

o
Table 4~6 {amdlent temperature = 257 ¢)

Depeniderce on power supnly voltape of Amplifing part and

Digeriminntor combined

power Supply v Ingut Kv
15 102
16 &9
17 % ]
18 63
19 47
20 . 34
21 31




Table W=7

Mscriminator characterisiics

Input ¥ Dial setting (degree!)
13.2 190
264 220
39.6 240
5240 260
£6,0 270
77a2 280
924 200

L
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4.3 Conclusion

The paralleleconnected proportional counters in neutron
pile were coupled tu an slectronic circuit. Pulses ffom the amnli=-
fier cutput wer: sclected by o discrimicator circuit and were shoped
to the correct pulse shape for the scaling circult by the amplifier

Shapera

Circuit used for newtron meonitor pcssesses the following

charzcteristics;

i It must have high ipput impedance and low output impee
dance in order to match the BF_-counters and tre cable liane respec-

5
tively,

2 It can te used at frequencies that range right down to

zero, where as the noise lewel must be kept low.

3 Ite astability on wariations in ambient temperature and
varistions of gain and leakage--current between transistors of the same

Eype must be sufficiently high enocugh,
b The min of tke amplifying part must be high eaough.

S The output pulse to scaler must be of resular shape and

constant pulse height.
6 Tt must be stable from oscillating.

High input impedance is chtained by applying negative
fezedback to the input commop-emitter stage and the low output impedance

by using the oubtput emitter-follower stage.

Direct-couvpled stage is necessary for the second regquiremont
though the taird ons is made worse, particularly if many such stages
are used, by this method. Thﬁugh tne transistor cireuwit, comporod to
the vacuum-tube ocne, is fighly dependent on tempekature, it hos aany
advantage, particularly the fact that it has a long life time of the
¢rder of 100,000 hours or more. This j& svitable for neutron monitor

WOrkde
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IZ general the precautions taken to reduce ﬂrift of opera-
ting point also tend to give low noise (7). Stabilizing methods used
for the circult constructed are mainly negative feedback loops and
bias compensations. The negutive fredback reduccs the pain of the
whole circuit, but on the other hand it reduces the distortion, in-
creases. the useful frequency band, and makes the amplifier 0perdtion
more independent of the characteristics of the particular transistors
ingorporated in the circuit., More amplifier stages are requirced
because of the gain decreasing. So¢ the phase-shift considerations
become particularly important. Tﬁis may result in oscillation or

burn=out of the amplifier. Thus, precautions should be taken.

From Fig 4.4 the amplifjing part constructed has o linearity
of about 2.1 %, This is not so good. From Fig 4.5 and Fig 4.6 it can
be seen that the gain is decreased by about 3.2 % By the temporature
effoct from 25° ¢ to 40° ¢ and increased by about 2.6 % by the effcet
of chanping to the other set of the same type of transistors respehu
tively: The ambient temperature could not be controlled at o constant

value throughout the experiment.

Input signal from the EFé;CﬂuntEr to the cirecuit is about
100 microvelts in practice and such pulse hiph was experimenteda
However, the signal to noise ratio was small and the noise could he

geparated by the discriminator coastrueted.

Fip Hqﬁ shows the pgain stability of the amplifving part as
a function of power supply voltage. The gain is almost coanstant ecnly
in the range of 19 to 23 volte. However, the repvlated power supply

used can ensure this range.

By combining the amplifier with the discriminator, the lower
limit of the input pulse ﬁeight scarcely varies with the variation of
the power supply voltage with the lenyth of time it is used; because
the variation of the diseriminating voltage ccmpensafes for the ampli~

fier gain (Fig 4:8),



The ligeority of the diseriminator as well as the volunme
used are shown ia Fig k.9,

The sicas of design which were made were sinple, but to do

the experiment it rocuired technigues in solving problems il cannot

ba found in any f2x¢ or handboolk, e.g. the problea of choosing Lran-
sigsteors, arrarngelcait of the circuit to keep the neise low, The pro-

cedures of awnliiiszr design were omitted,; because they can ezzily be
found in any stinderd handbook. Heowever, the most important ihing
in designing am:;iifier that rmust be kept ia mind is the collecteor

digsipation that will damige the transistor if it is in excoss.
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Photograph of the Prﬂnpzeamplifier?PreamplifiergAmplifiéry

Discriminator apd Amplifier shaper combined
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