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L LINEAR IZATION OF SAMPLED CEIGER-
: 'NUELLER RADIATION DETECTOR

M sintict o) the Disclosure

Iz sump. oo radiation detector including a pulsed

[P S

Gelger-Muelicr J:te-<tor Lube the rcesponse to gama2 radiation 1s
linearized by providing an additional "reward” pulse after the

5 second of two adJacent pulses of a pulse train generated from

R ARt

Geiger-Mue 1l r pulsn:3 ovtputted from the dztector tude during
at least two consecutive sampling time periods and wherein

the pulee train is therealter time averaged to provide a

measurement siznal which is a linear function of the radiation

e = i ciprt R ¥ W A e B

‘ i 10 | rieid strength,
. M A\

The govarnment has rights to this invention pursuant

o

PR

,‘ A to Contract 1o, DAAEOT-TG-C-0075 awarded by the Department of

P

the Army,

15 || Background of the Invention T

(RSSO

This Invention relates generally to radiation detectors

and more particualarly to pulsed Geiger-Mueiler radlation

detectors,
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In pulsed radiation detectors having one or more

" ) | 20 | Getger-Mueller (G-11) tubes, the tube is repetitivély driven

| ;4 into 1ts operating reglon for a predeterminzd sampling time

- 1 at a fixed repztition rate, During the time during which the
tube is rendered opcrative, the release of an electron derived

: 'S from a gamma photon, for example, impinging upon the cathode

25 inside the tule will produce a single G-M pulse, The G-M

f o pulges are nucs to unerate a random pulse train having an

l ' ; average repetitlon rate which pfovidea a measure of the radiation

! i{ntensity. Undzr this mode of operation, the detectior response

ﬁ ] of known prior ari appsratus -follows the law of probability,
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é’ ; i,e. P=1 - e-Al 2z rc AT is the number of photons detected i
s ’ in a given saaplinge period, Such 2 response is non-linear, %
' hewever, ¢us to the ciponential term, It is to this nun-lin- t

carity that the prozent invention is directed,

! ‘ 5 fhccordinly, *t is an obJect of the present inventlon ' i

to provid: &n ap.ovement in radlation detectors, - ! %
. . It is yei another object of the present invention ,
to provide an improvement in Geiger-Mueller radiation l

! detectors, |
| 10 Still a further object of the present invention 1s !

to provide an improvement in pulsed Geiger-Mueller radiation

LS U — et e o i

deté&tors. T

: Summary
_ﬁifefly, the foregoing and other objeéts of the

e e et b mre v Wt o v e e AR

15 || present inventlon are provided by a method and apparatus for

yor
—_-

linearizing the detection response of a Geiger-Mueller (G-M)

radiation detector wherein at least-one G-M tube is periodically

e ot e W

e —— o smb gt o E L

driven into its operated region for a predetermined sampling

period at a fixed repetition rate and wherein the impingement

R

20 || of radiation particles, such as gamma ray photons, on the ; '

G-M tube produce Geiger-Mueller pulses only during sampling |
periods, The response is linearized by providing an additional i

| "reward"” pulse after the second of two adjacent pulses

o~ o e S A . -
3"

1 |
: q
e ( generated from the Geiger-Mueller pulses outputted from the ;
- - - .- 1 v’
4 25 || tube during two consecutive sampling periods, A pulse train g s
- 4 | " || of uniform amplitudé and pulse width is generated from the ~ & {

pulses which are time averaged to provide a signal which 1s

PP}

N -substantially 1linearly p}oportional to the radiation intensity, 1 . |
Brief Description of the Drawings

% . ' 30 Figure 1 it an electrical block diagram illustrative | ]
i 1
| of a typical prior art pulsed Geiger-Mueller radiation detector; \ §
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Figure 2 1s an electrical block diagram illustrative
of a feedback circuit configuration in accordance with the
subject invontion; ——

Figure 3 15 an electrical block diagram of the
preferred embodlient of the subject invention; and

Figure 4 55 a set of time related waveforms helpful

in understanding the operation of the -embodiment shown in .

Flgure 3.
Description of the Preferred Embodiment

by - Referring now to the drawings-and.more particularly —.

to Figure 1, there is disclosed a typical example of a priqr_
art pulsed Geiger-Muellexr (G-M) radiation detector, A;—;;an,
a clock pulse oscillator 10 having a fixed pulse repetition
rate 1s coupled to a pulse width multivibrator’ 12, tyrically
a one shot multivibrator, which is triggered thereby to provide
a square wave output which ?s adapted to operate a high voltage
gate 14 for a predetermined time period(t)which corresponds
to a sampling period for a G-M tube 16, The gate pulse applied
from the gate circult 14 to the G-M tube 16 is adapted to drive
the tube into its operating region for a sampling time t,
Accordingly, the tube 16 will produce a single G-M pulse upon
the occurrence of a radiation particle (gamma ray photon)
impinging on the tube whereupon an electron will be rg}eased.
The probability P (a number between O and 1) of obtaiﬂing a
G-M pulse during the sampling period t can be expressed by
equation:

P=1-e "t 1) .

vhere n is the G-M tube sensitivity in counts/ﬁgconds/hilli"’m.~;
hour, r is the gamma radiation field in millipadig;27h ””ﬁa 4
t as noted is the observation of sampling duration time expressed

in seconds,
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Izl the coincidence between the application
bf tine gate puls: :nd o phioton on the G-l tube 16 causes a
G-ii pulse to U= rrodnced which is coupled to a pulse amplifier
18 which tri: .ors & onc shot pulse generator circuit 20, The

one shot circult 20 in turn generates a random pulse train of

|lwould be lincarized,

pulses havin~- 2 fizcd aaplitude and pulse width whose average
repetition rate is suvstantially proportional to radiation inten-
slty. The pulse train outputtied from the one shot circuit 20

is time averageé in an RC filter 22 which provides a voltage pro-
portional to the radiation intensity. The voltage output from "~
the filter circuit 22 is fed_to.a meter scaling circuit 24 and
then applied to a meter 26 suitably calibrated for displaying the
magnitude of radiation intensity,

The specific detalls of the various eircuits can
take many different configurations; however, what 1s signifi-
cant about pulsed operation of prior art Geiger-Mueller
radlation detectors is that the detection response follows the.
law of probability according to equation (1), Since the
equation includes an exponential the response characteristic
is non-1inear,

Turning attention now to the subject invention, if a
;;;;;;Ziity term P2 viere added to the initial term P, a series
expansion in the form of P + P2, a linear function,woulq
result, Accordingly, if the receipt of a G-M pulse were used
to provide an additional sampling period, a pfobability term
of P2 1s provided which if added to the original probability

term of P, the response of the detector and subsequent readout

One method of implementing the P° probability term

1s shown in Figure 2 and involves using a G-M pulse to trigger
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an additionl saapl i - perlod t2 following a sampling period t1.
As shown, ihe civenitsy of Flpure 2 includes an OR -gate 28

having one input es:pled to the gate pulse train 30 having a

e - emm

frequency of f and 3 pulse width of t;. The other input to the
OR gate 28 13 a feedback signal comprising the output of an
AND gate 32 which n25 one of its inputs consisting of a pulse

train 34 h:ving ¢ freauency of 2f and a pulse width of to. l

s shown, t; is subctantially equal to t;, The output of the
OR gate 28 1s fed to a high voltage gate 36 which is coupled

to the G-M tubc 38 which outputs an average pulse rate i, i
The output of the G-M tube 38 is also coupled to a one shot
circuit 40 which outputs a.pulse 42 having a pulse ;1dth of t3 ;
which 1s equal to 3/4f. The pulse 42 is applied to the other
input of the AND gate 32, Accordingly, upon the coincidence :
of the %, pulse 34 and the t3 pulse 42, the AND gate will output

a feedback pulse 44 having a pulse width of t2 which when applied
to the OR gate 28, causes the high voltage gate 36 to again :
reenergize the G-M tube 38 for another sampling period, In
such an instance, the average ;ulse rate n 1is expressed as

T = £P° whereas without the feedback, the average pulse rate 1

is n = {P,

i

Refe.ring now. to Figure 3, there is shown an embodi-

ment for implementing an & = £ (P + P2) average pulse rate by
generating an extra “reward" ér "bonus" pulse in the eéent
that G-M pulses are senerated by the G-M tube during at least
two consecutive sampling time periods, The purpose of the
extra pulse is that the additional "reward" or "bonus" pulse ‘
acts to linearize the detection-response, Considering Figure 3

along with the time related waveforms shown in Figure U, the

clock oscillator 50 simultaneously applies the clock pulses
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of a predei:~wincd “t:cd pulze repetition frequency to a one

shot ecircuit %7 andé a = 2 counter circuit 53, The .output of

the clock H0 cnrresponds to waveform A of Figure U, while

.
“waveform B corracrpands to the output of the one shot circuit

52, Wavelorm B ¢lzo reflects the high voltage applied to the

G-M tube G5O from a hizh voltapge gate 54, The output of the

—1"T=M~tube 5 in response to & radiation particle (gamma photon)
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being detected is coupled to a pulse amplifier 58 whose output
is shown corrcsponding to waveform C of Figure 4, Waveform C

is applied to a second one shot circuit 60 which generates a
relatively narrow pulse width output as shown by waveform D,
This voltage waveform D 1s applied to a third one shot circuit
62 which generates the first pulse of a pulse train of pulses
having uniform amplitude and pulse width, typlcally 50us
(waveform S) which waveform is also applied to the me ter circuit
6U,
also differentiated in an RC differentiator circuit 66 as

The output (waveform D) from the one shot circuit 60 is

evidenced by waveform E and i8 commonly applied to one input
of a pair of AND binary logic gates 68 and 70, Meanwhile, the
output of the counter circuit 53, which 18 at half the frequency

of the clock 50 and which is shown by waveform F of Figure 4,

is applied to the other input of AND gaﬁe_68 and $o & second

differentiator circult 72 which is coupled to the reset (R)
input of a well known binary flip-flop circult 7h, The outpat
of the = 2 counter circuit 53 is additionally fed to an
inverter circult 76 whose.output i1s coupled to the other input
of AND gatc 70 and to a third differentiator circuit 78 which
is coupled to the reset (R) input of the flip-flop 80, Both

the AND gates 68 and 70 are respectively coupled to logic

inverter circuits 82 and 84 which have their respective outputs

coupled to the set (S) inputs of the flip-flops T4 and 80,
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in cpmitiong, a G N pulse produced during the first
sampling p rind (on Lime) of the G-M tube 56 will enable AND
s2te 638 whane output is inverted and applied as waveform G
to the S laput of +1ip-flop 74 s0 as to trigger the output of
flip-flop (M so its Linary "high" state which will remain for
two sampli.g p.riods (waveform I) before being rcset by the
positive splke (waveform H) of the voltage appearing across the
resistor of the diff<rantiator ecircuit 72, A G-M pulse out-
putted from thc one shot circuit 60 during the next consecu-
tive or sccond sampling period i1s shown by waveform K acts to
enable the AND gate 70 colncidentally with the output of the
inverter circuit 76 which is shown by waveform J, Enabling AND
gate 70 appliecs a pulse to the set (S) input of flip-fiop 80
which will "flip" to its "high" output state as evidenced by
waveform M, The "high" outputs of the flip-flops T4 and 80
are simultaneously coupled to a third AND gate 86 which is
enabled thereby to provide an output corresponding to waveform N,
This output is inverted in an inverter circult 88 where it is
applied to a fourth one shot circuit 90 which provides a narrowed
and inverted output corresponding tc waveform O, The output of
the one shot circuit 90 1s apnlied to a fourth differentiator
circuit 92 which provides a voltage waveform corresponding
to waveform P whose positive going leading edge is delayed’
relative to the leading edge of waveform K, the seconé G-M
pulse, WVaveform Q corresponds to the pulse ‘signal applied
to the one shot circui$ 62 from the one shot circuit 60, The
differentianted voltage waveform 1s applied as shown by waveform
R to the one shot 62 which provides another pulse after the
second output pulse of tﬁcwﬁavéform S, the signal applied %o the

meter circuit 64, Accordingly, when the delayed trigger from
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the differ nl stsr = realt 92 1s applied to the cne shot
circuit 67, a "row ra” puwlse Ls generated and added to the
pulse train Yypleally D9us following the beginning of the
second pulse, Lo lin"a;lzc the responsé of meter circuit 64,
Tt c¢an als0 be scen by reference to the waveforms

of Figure 4 that at the end of the second sampling time period,
the flip-flop 74 will be reset to its "low" output =tate as
evidenced by waveform I, If during the third sampling time no
G-M pdlse is produced by the G-M tube 56, the one shot circuit
90 will not be tripcered and will remain in its "low" output
state and no additional "reward" pulse will be generated,

Thus G-M pulses in two consecutive sampling periods are required
vefore a "reward" pulse is produced and will continue to be
produced if G-M pulces are produced in consecutive sampling
periods thercaflter as shown by waveform S,

Whnilc the circuit in Figure 3 does not retrigger the
high voltaue pgate as shown in Figure 2 to provide an additional
sanpling time, the circult in Figure 3 does retrigger the one
shot circuit 62 which operates to add sufficient current, by
means of the "reward" pulse to the rate meter circult 64,to
linearize the probability function and thus the response of a
time averaging filter circuit included in the metering
circuit, When desirable, however, the differentiated voltage
waveform P appearing at the differentiator circuit 95 can be
coupled back to the high voltage gate 54 to produce another
sampling time as taught in Figure 2,

In actual practice the one shot eircuits 52 and 60
of Figure 3 arc implemented by means of a first(MM 54C 221J) dual
monostable multivibtrator fabricated as an integrated circuit

module while the other two one shot circuits 62 and 90 are
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viaplemented oy weans of a second{MM 54 0221J)dua1 monostable
multivibra‘or, fhe iopic gates, invarters and flip-flops shown
In Figure 3, #rcover, are configured from(CD 4011 AF)inte-
grated circult lojde modules while the = 2 couﬁter 53 is pro-
vided from(CD 1013 iF)integrated circuit module and the clock
oscillator H0 i3 configured from a(CD L4000 AF)integrated circuit
module,

Accordingly, what has been shown and described is a

-

S~
technique for lincarizing the detection response of a pulsed

Geiger-Muellsr radiatioﬁraggéétor. While the subject invention
has been described with a certain degree of particularity,

the foregoing has becn made by way of iJ)lustration and not
limitation, Accordingly, all modifications, alterations and
changes coming within the spirit and scope of the invention

as set forth in the appended claims are herein meant to be

included,
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