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dis:ributed aceordics to a
svecific law (fqr evample, scintillation counters ana other detectors

ar r;diati:n). In this case, we ray speck 07 measurityg ihne mezn
vulee emplitude.. Below, we give a descripticn ¢f o device or reasu=-
ring the mean value of the amplitude distribution of pulses. More preci-

sely, this device c¢can be used to deternmine the median of the distri-

buticon, i.e. it cen find a level that divides all pulses 1 t3 *wo

[$4]

eluwal parts, namely trcse =zmpl.tudec which are abcve or below this
level. If the distribution is symmetrical, the median coincides with
the nean value. If, morecver, the districution is norm:l, the device
can be used %t¢ deternine also the desree of dispersion. For conve=-

1

nience, we shall, when speeking of thLiz equipment, use the term

"pulse-type volimeter".

Figure 1 is a olock diagram of the voltmeter;

figure 2 gives time-diagr=oms for the block diagram. The voltmeter consists
of two amplitude discriminators naving a comron input. Discrimirator 1
has a low, fixed threshold. The thresicld of discriminator 2 is deter-

mined, ithrough the buffer circuit, ty the sctential on the capacitance C

It tne thresnold of discrizinator 2 is always
A s +ha P A iserininator 1 M set-ur includes a o ~ 71
nigner *than thet of discriminator 1. The set-up includes a er-coniro
current gerer=tor 1, wolcn Ig o awilchied on and narses tne capnceltance

1led

[

v

with a current i,, if the trigger is in the "1" state, and is switched off



T the iaoput pulse iy niztor thon ine tireshold of dis-
criminator 2, the itrigger is triv.ed in the "0" state by the pulse

n discyicinator 2. If the input pulse is lower than the thresheld

of discrizinator 2, obut higher tuan the threshold of discrimirator 1,
the trigger is trip;
To prevent the pulse of disecriminator 1 Trom reszcni-g the trigger,

if there is a _ulse from discriminator 2, an anti-coinciderce circuit

N

is used. The ®vice will cterate if the threshold of discriminator £

also increases when the potential on the capaciiance rises.

Yyrirg cweasurezent, the notential velue on the capacitance remains
stationary, the average value ¢f the current ii being equal to the
current 12 (Ziziz). The threshold of discriminator 2 will correspond
to the median ¢I the amplitude distributien if i2 = 0,51
threshold of discrimirnater 2 will split 21l the gulses into {wo
equal varts, according to whether the ampiiiudes are aveve cr below it.

It tne pulse amplitude distribution is normal, which is the usual case,

and i, = 0,16 il’ the stationary state of the thereshold of the dis-
<
cricizstor 2 will be less and, with a current i.= 0,3 il' will be
<

separated from the threshold by a value corresponding to a single

3 3 3 P i P p ahedAd unlia ne . N
i, =0,5 i,, #ill te sevarsted frox the trreshcld value oy = value

o <
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wricn olst corrveszonds e & sliugle standart devialidn.

ed 1n the "1" state by the zulse from discriminstor 1.
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Since the input ¢f the culse-type velimeter is likely to receive not

2L80 eXTranelus
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only the pulses wrnose amplitudes are o Le cesgureaq,
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pulses (e.g. the vackground fror thne yLuthu;t¢yL4GT), a control system

was included.

Figure 3 is a schenatic diazran of the discriwirators; Tigure 4 giveo
the tirme diagrams for the case in which the input pulse has an ampli-

tude which exceeds the threshold of discriminator 2.

The basis chosen was the differential discririnator discribed in /2/.
In the schenatic dia.ram, discrimi-sator 1 is at the tor. The circuits
£ be tl oo rimirs a are 14 ticzal T +r e 13 f discri—
for beth Jdiscrimirnators are identical. Below, the comrcrnents of discri

rinator 2 will te . iven in brackets.

In discrimirator 1 (discriminater 2), use is made of two tunnel
diodes 701 and TD2 (TD3 and TDL), .esarated tv an irverted gallium
arsenide diode 0D1 (0D2). Cne tunnel diode TD1 (TD3) serves as a
current discrircinator, the other tunnel diode TD2 (TZA)_shapes th2 output

ignal in respect of its amrlitude and duration., The input tilse branches

n

\ . N N
Tl and T9 (T5 and 7,) 1n the form of current pulses. The threshold of
2 & .

discrimirator 2 is deternined by the fesd-back current wnicen arrives at
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the co.ilector of transictor I‘1 \¥,) sntl are Jed to the difTe. entiel smplifie
on transistors T, and T, (Twn and Tw.).
iz 1% 14 Lo

4.
e

by the input pulse, provided that the 10mA current which arrives at poin

a of the circuit is switched off. The btases of iransistors Tl} and ’I‘l5

are connected, i.e. the differential amplifier on trar:istors Tl4 and TlC
9

atirg circuit, but only fcr pulses from discriminator 2,
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The pulses of opposite sign from the collectors of transistors 'I'12 and

Tl5 arrive at the tunnel diode TD6 on which is mounted an anti=-coincidence
circuit. To ensure the reliable operation of the anti-=coincidence circuit,

. the pulses reaching TD6, are shaped in respect of their length and are

ine (see the time d'agrams). At the outputs

<t
et

aprropriately delayed in

©of discriminator 1, the anti-coinciderce circuit and discriminator 2

4

are amplifiers which are fitted on transistors Tl

The trarsistors used in the circuit were:

i . s . -
ony type G T31%, npn tvee GT 311, tunnel diodes TD, - 7D, twype AT 301G,

1 4

TD5 - TDT type AI 301V.

Trhe negntire polarity vilsec from the amplifier outouts can be Yed
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to counters,

necessery to fulfil the egusticn N, = N + N_., and when the median 1s

v
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rezzured, the onurtion N =q 6T also e Tulfillied fhrousuoul the
! AC 2 ‘
entire werking range of the voliwmeter. Here, N, is the count from the

)
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Fiure 5 is a screnstic clrceult disorar of the trigrer, the current

- + . + - Jia 4 Fa¥al A 4 1 3
erztor 1, *the current generator 2, ithe vuffer circuit and the cwitching

cuiis of trhe gointer-type instirument. The schenmatic circuit disgranm

ches the block diagram, and the time diagrams have therefore not been

tral exverirenttl workxshop of the Joint Institute for Nuclezr Research.
rositively rolsrised pulse from the output of discrirminator 2 enters

vase of transistor ’l‘,\3 and, if the transistor is open, closes i
&

regztive veltage drop in the collector of Tzz switches over, thro.gh

s

emitter repeater T i

54" the differential amplifier on transistors T25

T26' The pecsitive voltage drop in the collector of transistor T
25

tches off the current il of tre curren: generator 1 mounted on

3
r3
5
©

nsistors TA7 and Tog current generator 2 is mounted on tran-
<

and i, is shown by arrows.

tor T... The direction of currenis i1 5
& i3

rent 1, 1s 10 mA, current i_ is 5 mA when the medien is measured.

1 2

measure the disversion of the amulitude distributicn the current i,

t ve varied oy means of the awitlci.

The totential or the capacitance { varies within v 6 V. The limits


http://rer.ert-.tor

Yom Sere £y e R i o PR S . + .
T UIILEer CLrculT oonmLois i nYloenitier Ir2eauer *.,,O, v
-
- -~ w v - 4 b el oy bl Py + < B
Laverter T and & trunsictor U, tho collscior current cfl wiic
= Je

. o i N S R NPT S e e P - S o P O
range of the pulve amzlitudes thot can be measured wits the volineter.

O

The thresncld of discrivinatcr 2 is dstermined Dy the voltage drop on

the resistor Rl = 20 L1 in the collector of trancistor T ot Zesistors R%
Pd

W

and R_. are selected to ensure that the charactieristics of the device tend

8

to zero. The resistor R, serves to compensate the mirnimunm current of tlre

~ ~w m
collector Ty

+3

\
NS

The following trarnsistors were used in the circuit: T . - T26’ TZQ and
[ o

v T end T.. (tro T3 T i vpe 3).
(type GT 308 V), 5 d Tog (trpe GT 311), 50 and TBl (type P38)

Figure 6 shows the devendence ol the readings of the pointer ~type
measurement instrument of the voltmeter on the amplitude of the input

pulses from the generator. The dashed lineg show the non-operztive region.

. . . L
Figure 7 stows the deperdence of the NAC count, for Nl = 10, on the
amplitude of the input pulses from the generator. It can be seen from

tie graph that the fixing diodes D 310 are switched from the non-conducting

conducting state wnen dhe voltzge is varied oy 0.1V, It
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aeviation

¢ th: owuolitnce distribution of input pulses ¢ = 0,5 U, this variation

in the N, | count wmsyv prodice o syotermatic error of no wore than 1
+
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tne renzurement of the median; thic error may be taken into account

e disversion by this same srzparatus.

hat when measuremmtis are macde of pulse amplitudes
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does not exceed the current il.

M 3 ~ogn 74 - PN L'. ] : 354 ; o0 .
Trie readings of tne veltmeiter oo n0t dervend (w1tu1n lm) or: the following-

frecuency of the input pulc:y, starting froem 15 - 20 Hz. Meszuremenic were

zode with a generator having a staole amzlitude up to a freauency of 1,5MHz.

A check waz made of the dependence of the readings of the voltrmeter on

the fregquency wnilst the inovut was being fed with pulses from a photomul-

o

tiplier; a light diode was used for irradiation of the latter's photo-cathode,

~lier was 3V; the width

fode

The mean amplitude of the pulses from the vhoterult

rd

at the half-height was determined by this same apparatus and found to be

et r o s L . .
42%, At a frequency of 1400 Hz, aperiodic oscillaticas of the pointer cf th:
measurenent ejuipment were observed in the region ol 0,05 V; at a frequency

of 250 Hz, in the region of C,1V and at a frequency ¢i 25 Hz, ir. the region

B,

The readings of the veilmeter do net depend (withnin 1%) on the duration
of the input pulses in the 15-75 nsec range. Pulses shcrter than 15 nsec

wWere ot used.
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he delay cf the

ct -

The readiags of the voltreter rerain unchanged when

pulges 1s varied within 79 nsec.

control
The pulsc-type volimeter wss used for stout a year to control the

Ltability of vpulses from pheotomultipliers with the aid of light diodes.

I+ rerained switched on for several hundred hours and was veriodically

calibrated by mean. of pulses from & G5 - 13 generator. The calibrations

coincided to within 1%.

In conclusion, the authors wish to thank V.G. Zinov for his valuable
discussions, ¥u. G. Budyasnov for his tecanical advice, L.L. Nemenov for
the support he gave to this work and V.A. Smirncv Tor his assistance in

setting up the equipment,
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Fig. 2 Time diagrams corresponding to the block~diagram.
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Fig. 4 Time diagrams for Fig. 3.
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Fig. 5

Schematic circuit diagram for the trigger,
current generators 1 and 2 and buffer circuit.




{ U of the pulse—type
voltmeter (V)

1 2 3 4 5

Fig. 6 Dependence of the readings of the pulse-type
voltmeter on the amplitude of the input pulses.
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Fig. 7 Dependence of the count, at the output of the anti-coincidence
circuit, on the amplitude of the output pulses.



