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[57] ABSTRACT 
An improved method and apparatus for providing an 
indication of the radiation activity of the radioactive 
decay products of radium in an environment wherein 
the alpha particle activity and the beta particle activity 
at a test site are detected and the detected alpha parti-
cle and the beta particle activities provide the indica-
tion of the radiation activity of radon and the dccay 
products of radon at the test site. The background ra-
diation activity at the test site is detected, and the de-
tected alpha particle and the beta particlc activities 
less the detected background radiation activity pro-
vide the indication of the radiation activity of radon 
and the decay products of radon. The sum of the de-
tected alpha particle and beta particlc activities pro-
vides an indication of the working level (WL); the dif-
ference between the detected alpha particle and the 
beta particle activities provides an indication of the 
radon concentration at the test site and the equivalent 
ingrowth time of the radon decay products (radon 
daughters) from the earlier existence of the radon as a 
gas; and the detected background radiation activity 
provides an indication of the penetrating radiation ha-
zard at the test site. 

40 Claims, 8 Drawing Figures 
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3,988, 1 
METHOD AND APPARATUS FOR INDICATING 

THE RADIOACTIVE DECAY PRODUCTS OF 
RADIUM IN AN ENVIRONMENT 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 
The present invention generally relates to a method 

and an apparatus for indicating the radioactive decay 
products of radium in an environment and. more par- 1 0 

ticularly, but not by way of limitation, to a method and 
an apparatus for determining parameters relating to 
radon and the decay products of radon in an environ-
ment, such as the working level and the radon concen-
tration, for example. 15 

2. Brief Description of the Prior Art 
In general, radioisotopes decay spontaneously and 

the decaying of the radioisotopes is accompanied with 
a radiation emission. Uranium ( ' " U ) undergoes a se-
ries of successive radioactive transformations and each 2 0 

uranium decay product in the radioactive decay series 
is derived from the disintegration of the preceding 
element in the radioactive series, uranium ultimately 
decaying to a final or end product which is not radioac-
tive [lead ( ^ P b ) ]. The fifth decay product of uranium 2 5 

is radium (22SRa) and radium has a relatively long half-
life or half-period of approximately 1620 years (the 
half-life of a radioactive element being the time re-
quired for half of the initially present atoms to decay). 
The first decay product of radium is radon ( s n R n ) and 3 0 

radon is the only element in the uranium decay series 
which is a gas at ordinary temperatures. 

Since rocks and soils are porous, some of the radon 
diffuses out of the rock and soil surfaces into the sur-
rounding environment on air, and the resulting air- 3 5 

borne radiation is potentially hazardous to health. Par-
ticular airborne radon decay products (RaA, RaB, RaC 
and R a C ) are considered to present the greatest dan-
ger to human health since a relatively substantial per-
centage of these inhaled airborne radon decay products 4 0 

are retained in the lungs. This is a particularly impor-
tant consideration where the airborne radon and the 
airborne radon decay products are encountered in an 
underground mine environment. 

Various parameters have been developed to measure 4 5 

or indicate the radioactivity due to the radon and the 
radon decay products with respect to the radiation 
exposure to the human lung and some of these parame-
ters have been utilized for the purpose of establishing 
and maintaining safe working environment criteria. 50 
One such parameter has been referred to in the art 
generally as the "working level" (WL) and one (1) 
working level unit has been defined as the quantity of 
radon decay products (principally RaA, RaB, RaC and 
RaC'), in any mixture of such radon decay products, in 5 5 

a liter of air which produces (1.3)( 10)5MeV. (million 
electron volts) of alpha particle energy as a result of the 
complete decay of radon through the fourth decay 
product (RaC') of radon. The continuous exposure of 
a worker to an environment having a working level of 6 0 

one (1) for forth (40 hours per week over a one (1) 
month period of time creates a "dose" of one (1) work-
ing level month (WLM). The federal government and 
various state governments have enacted regulations 
establishing radiation activity standards and, in general, 6 5 

the maximum airborne radioactivity levels, expressed 
in terms of a working level month (WLM), have been 
substantially lowered over the past fifteen years, such 
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as from maximum levels in order of 120 WLM per year 
to maximum levels in the order of 4 WLM per year, for 
example. 

The radiation exposure due to external or penetrat-
ing radiation and inhalation has become an extremely 
important consideration with respect to the working 
environment of various personnel and particularly with 
respect to the personnel working in radioactive mate-
rial underground mines. In an effort to protect such 
personnel from an excussive, harmful exposure to radi-
ation, the quality and stability of mine ventilation tech-
niques have been improved over thc last few years. To 
maintain the desired quality and stability of the mine 
ventilation techniques, it generally is necessary to 
maintain and establish programs and procedures for 
monitoring the mine ventilation equipment and the 
environment or air in the mine passageways. 

Various analytical procedures and various types of 
equipment have been developed for detecting the radi-
ation activity of air environment in the mine passage-
ways. However, various problems have been encoun-
tered in attempting to develop a useful, effective and 
efficient technique and apparatus for detecting and 
measuring the required environmental parameters tor 
determining the radiation activity in a mine environ-
ment. For example, distortion has presented a problem 
in detecting and measuring the required parameters, 
gamma ray background radiation has presented a prob-
lem, the equipment costs have been relatively high and 
sophisticated computation generally was required to 
analyze the various detected parameters for the pur-
pose of obtaining the desired radiation activity parame-
ter, such as the working level or the like, for example. 
Further, most of the prior techniques utilized for moni-
toring radon decay product (radon daughter) activity 
in mine environments have been relatively slow (35 to 
90 minutes, for example), and the time delay generally 
encountered between the sampling of the mine air 
environment at particular test sites or locations and the 
determination of the desired parameter has been ap-
proximately two (2) hours, for example. Unfortunately, 
the time delay generally encountered in utilizing cur-
rent techniques for detecting radon decay product 
activity greatly affects the ability to efficiently and 
economically maintain and control the quality of the 
mine air environment or, in other words, if the radon 
decay product activity could be evaluated in a rela-
tively short time at the test site, remedial steps could be 
immediately effectuated to correct the condition caus-
ing any detected radon decay product activity near or 
in excess of a maximum level for safe working condi-
tions. In addition, the mine air environment could be 
immediately re-sampled after such corrective measures 
have been completed for the purpose of evaluating the 
effectiveness of such corrective measures, thereby sub-
stantially reducing the possibility of a mine shut-down 
by the discovery and remedy of radiation conditions 
before such conditions result in an unsafe exposure to 
the mine air environment. 

Some of the various fundamental physical principles 
relating to the behavior of radon daughters (decay 
products) were discussed in an article entitled "Engi-
neers' Guide to the Elementary Behavior of Radon 
Daughters" by Robley D. Evans, Health Physics, Perga-
mon Press, 1969, Vol. 17, pp. 229-252. One prior art 
technique was discussed in an article entitled "Modifi-
cation of the Tsivoglou Method for Radon Daughters in 



3,988,587 
3 4 

Air" by Jess W. Thomas, Health Physics, Pergamon FIG. 6 is an enlarged, partial side elevational, partial 
Press, 1970, Vol. 19 (Nov.), p. 691. sectional view of a portion of the radiation activity 

SUMMARY OF THE INVENTION ' " S i f a ^ a r t plotting the relationship of the dif-
The present invention contemplates an improved 5 ferences between the alpha and the beta particle activi-

method and apparatus for indicating the radiation ac- ties, the radioactivity of radon expressed in picocuries 
tivity of the radioactive decay products of radium in an (pCi) per liter, and the working level for graphically 
environment and, more particularly, for indicating the illustrating some aspects of the present invention (the 
radiation activity of radon and the decay products of c h a r t o f F I G - 7 ^ i n g copyrighted by Kerr-McGee Nu-
radon in an air environment at test sites or test loca- 10 c ' e a r Corporation). 
tions. The alpha particle and the beta particlc activities F I G - 8 i s a diagrammatic, schematic view, similar to 
at the test site are detected, and output indications are F ! G " 3 ' b u t s h o w , n 8 a m o d , f l e d radiation activity mdi-
provided in response to the detected alpha particle and c a t o r ' 
beta particle activities. The sum of the detected alpha ( 5 DESCRIPTION OF THE PREFERRED 
particle and the beta particle activities provides an EMBODIMENTS 
output indication of the radiation activity of the radon „ „ . .. . , , . „ „ , . 
. r . . . . . . . .. , , . Referring to the drawings m general and to FIG. 1 in 

decay products at the test site, the sum of the alpha and a r t i c u l a r
 S

s h o w n t h e r e i n a n d designated via the gen-
thc beta particle activities being indicative of the work- £ r a , r e f e r e n c e n u m e r a , 1 0 i s a n a p p | r a t u s f o r indicating 
mg level (WL) at the test site. The difference between 2 0 v a r j o u s p a r a m e t e r s r e l a t j n g t o t h e r a d i o a c t i v e decay 
the detected alpha particle activity and the detected p r o d u c t s o f r a d i u m in accordance with the present 
beta particle activity provides an indication, of the i n v ention. In general, the apparatus 10 includes a sam-
radon concentration at the test site, and the detected p I e c o n e c t o r 12 and a radiation activity indicator 14. 
radiation parameters of the present invention also pro- The sample collector 12 includes: a pump 16, having 
vide an indication of the ingrowth time of radon decay 25 a "driven" condition, constructed to pump air or the 
products from the earlier existence of the radon as a l i k e therethrough at a predetermined, known volumet-
gas at the test site. ric flow rate in the driven condition thereof; a pump 

In addition to the foregoing, the method and the motor 18, having an "on" condition and an "off" con-
apparatus of the present invention contemplate the dition, mechanically connected to the pump 16 for 
detecting of the background radiation activity at the 30 driving the pump 16 in the on condition of the pump 
test site and the detected background radiation is sub- motor 18; a pump motor power supply 20 connected to 
tracted from the sum of and the difference between the the pump motor 18 via a signal path 22; a switch 4 
detected alpha particle and the beta particle activities, interposed in the signal path 22 between the pump 
the resulting indications providing the radiation activity motor 18 and the pump motor power supply 20 for 
parameters contemplated via the present invention. 3 5 switching the pump motor 18 from the off to the on 
The method and the apparatus of the present invention condition in the closed position of the switch 24 estab-
provide the radiation activity parameters within a few lishing electrical continuity between the pump motor 
minutes and thus the desired radiation activity parame- 18 and the pump motor power supply 20 and for 
ters are available at the test site location in an efficient „ switching the pump motor 18 from the on condition to 
manner and within a relatively short time such that the 4 0 ^ e off condition in the opened position of the switch 
radiation activity parameters are immediately available interrupting electrical continuity between the pump 
for use in effecting remedial or corrective actions when m f t o r ^ 'he pump motor power supply 20; an 
the detected radiation activity is near the maximum l n l e t c ° n d u " 2 6 ' h a v i r l g ° n e e n f f

c o n n e , c t e ^ t o t h e s " c : 
established permissible radiation activity levels thereby . . | 1 0 " s , d e ° f ^ e Pump 16; an inlet nozzle 28 connected 

. . . .... „ , . to the end of the inlet conduit 26, opposite the end of substantially reducingthe necessity of contpleteor- t h e i n l e t c o n d u i t 2 6 c o n n e c t e d t o J ^ p 1 6 ; a s a m -
P shu t-downs for the purpose of effecting correc- interposed in the inlet conduit 26, gener-
tive actions and allowing a virtually immediate re- P ^ ^ t h e ' ^ i o n s i d e o f t h e 1 6 a * d t h e 
evaluation of the radiation activity at the test site for n o z z | e ^ a n d c o n s t r u c t e d c f a material suitable 
the purpose of checking or verifying the effectiveness 5 0 for f i k e r i r a d i o a c t i v e panicles (particularly, alpha 
of the corrective actions and for the purposes of check- p a r t i c l e s and beta particles emitted via the radioactive 
ing or verifying prior determined radiation activity d e c a y p r o d u c t s o f radium) f r o m a n a i r s t ream or the 
parameters. like flowing therethrough. In one preferred embodi-

BRIEF DESCRIPTION OF THE DRAWINGS m e n t ' t h e i n l c t conduit 26, more particularly, includes 
5 5 a first inlet conduit secton 32 and a second inlet con-

FIG. 1 is a diagrammatic, schematic view showing the d u i t ^ j o , , 34. The second inlet conduit section 34 is 
apparatus of the present invention and illustrating as- constructed of a flexible tubing type of material or the 
pects of the method of the present invention. i i k e t o facilitate the disposition of the inlet nozzle 28 at 

FIG. 2 is a diagrammatic, schematic view of a timing remote test sites, such as a test site located within a 
diagram showing one embodiment of the timing se- 60 hole or other such remote test site, for example, the 
quence of the method and the apparatus of the present inlet nozzle 28 being connected to the end of the sec-
invention. ond inlet conduit section 34, opposite the end of the 

FIG. 3 is a schematic view of one preferred embodi- second inlet conduit secton 34, opposite the end of the 
ment of the radiation activity indicator of FIG. 1. second inlet conduit section 34 connected to the first 

FIG. 4 is a top plan view showing a portion of the 65 inlet conduit section 32. The sample collector 12 also 
radiation activity indicator of FIGS. 1 and 3. includes a flow meter 36 having a portion interposed in 

FIG. 5 is a partial sectional, partial side elevational the inlet conduit 26, generally between the sample 
view of the radiation activity indicator of FIG. 4. filter 30 and the suction side of the pump 16. The flow 



3,988,587 

10 

15 

20 

meter 36 senses the air stream flowing through the inlet 
conduit 26 and provides an output indication of the 
volumetric flow of the air stream through the inlet 
conduit 26 and through the pump 16 via a meter needle 
or a digital display or an electrical signal or the like, for 
example. The air stream is discharged via the outlet end 
of the pump 16 into a discharge 38 and discharged to a 
pump exhaust, as indicated in FIG. 1, the air stream 
being discharged to a pump exhaust such as atmo-
sphere or an accumulator or the like, for example. 

The radiation activity indicator 14 includes: a beta 
detector 40, having an off condition and an on condi-
tion, for detecting beta particle activity emitted from a 
radiation source 42 and providing an output indication 
44 in response to an indicative of the detected beta 
particle activity in the on condition of the beta detector 
40, the output indication being an electrical signal in 
one form, for example; an alpha detector 46, having an 
on condition and an off condition, for detecting alpha 
particle activity emitted from the radiation source 42 
and providing an output indication 46 in response to 
and indicative of the detected alpha particle activity in 
the on condition of the alpha detector 46, the output 
indication being an electrical signal in one form, for 
example; and an output indicator 50 which receives the 2 5 

beta detector 40 output indication 44 and the alpha 
detector 46 output indication 48 and provides an out-
put indication in response to the received output indi-
cations 44 and 48. The radiation source 42 may take 
any form, such as a gas or a solid or a gas-solid mixture, 
for example, the particular form identification of the 
radiation source 42 depending upon a particular opera-
tional application of the method and the apparatus of 
the present invention, as will be described in greater 
detail below. 

The method and the apparatus of the present inven-
tion are each particularly adapted to provide output 
indications of various parameters relating to the radio-
active decay products of radium in an environment, 
such as an underground mine atmosphere, for example. 
More particularly, the method and the apparatus of the 
present invention provide output indications of various 
parameters relating to the radioactive decay products 
of radon (radon being one of the radioactive decay 
products of radium), such as the working level, radon 
concentration and the equivalent ingrowth time of the 
decay products of radon from the prior existence of 
radon as an essentially pure gas, for example. 

Radium ( m R a ) is one of the radioactive decay prod-
ucts of uranium ( ^ U ) . The relatively long half-life or 
half-period of radium and the radioactive emissions of 
radium's decay products have been factors in making 
radium an important commercial radionuclide. In a 
manner similar to other radio-nuclides, the atomic 
nuclei of radium spontaneously disintegrates transmut- 55 
ing the original radium element into radon which also 
disintegrates. In time, subsequent, progressive disinte-
grations eventually lead every radium atom to the for-
mation of a stable, non-radioactive element. The disin-
tegration of radium through the sequence of successive 
radium decay products is accompanied by the emission 
of alpha particles, beta particles and gamma rays, for 
example. 

The first decay product of radium is radon ( m R n ) 
and radon principally emits alpha particle radiation. 
Radon exists as a gas at ordinary temperatures and thus 
radon diffuses through and is carried through various 
environments, radon being effused from exposed rock 

and soil surfaces and being carried through the sur-
rounding air. The airborne radon continues to decay 
producing the radioactive decay products of radon 
accompanied by the corresponding radiation emission, 
the radioactive decay products of radon being gener-
ally referred to in the art as "radon daughters." The 
principal sequence of the decay products of radium and 
radon are summarized in TABLE I, below, wherein the 
name and the symbol of each element is followed by 
the principal type of radiation emission and the half-life 
of each element (the half-life of each element being 
shown in parentheses in TABLE I). 

TABLE I 

30 

35 

40 

45 

50 

60 

65 

R a d i u m Ra A l p h a ( 1620 yea r s ) 
R a d o n Rn Alpha ( 3 . 8 2 d a y s ) 
R a d i u m A R a A Alpha (3 .05 m i n u t e s ) 
R a d i u m B RaB B e t a - G a m m a (26 .8 minu tes ) 
R a d i u m C R a C B e t a - G a m m a (1^ 7 minutes ) 
Rad ium C ' R a C ' A lpha ( 0 . 0 0 0 1 6 s e c o n d s ) 
Rad ium D R a O Beta ( 2 2 y e a r s ) 
R a d i u m H R a E Beta (5 .0 days) 
Rad ium F R a F Alpha ( 138 d a y s ) 

The isotopic name and the isotopic symbol of radium 
and radon and each of the decay products of radon are 
as follows: radium [radium (226Ra)]; radon [radon 
(222Rn)]; radium A [polonium (218Po)]; radium B [lead 
(2 MPb)l; radium C [bismuth (214Bi)l; radium C' [polo-
nium (214Po); radium D [lead (210Pb)]; radium E [bis-
muth (210Bi)); and radium F [polonium (210Po)|. A 
small percentage (0.04%) of radium C emits an alpha 
particle type of radiation and this has been omitted 
from TABLE I above principally because of the small 
percentage. 

One parameter utilized for evaluating the radiation 
hazard to personnel in particular work environments is 
commonly referred to in the art as "working level" 
(WL) and one (1) working level unit is defined as that 
quantity of airborne radon decay products, in any mix-
ture, in one (1) liter of air which products (1.3) 
(10) sMeV. of alpha particle energy as a result of the 
complete decay of radon through the fourth decay 
product (RaC') of radon. The continuous exposure of 
a worker to an environment having a working level of 
one (1) for forty (40) hours per week over a one (1) 
month period of time creates a "dose" of one (1) work-
ing level month (WLM). In general terms, the working 
level parameter represents the airborne radiation expo-
sure of the human lung resulting primarily from the 
radon decay products filtered from the inhaled air via 
the human lung, i.e. a parameter representing the inha-
lation radiation hazard to humans as compared to the 
penetration radiation hazard to humans resulting prin-
cipally from penetrating radiation such as gamma ray 
type of radiation. 

The working level parameter is primarily concerned 
with the alpha particle radiation emission (the alpha 
particle activity) at a particular test site or test location 
due to the radiation decay products of radium. The 
radiation activity of radon generally is not considered 
as a factor in determining the working level parameter 
and the inhalation radiation hazard indicated via the 
working level parameter is primarily due to the short-
lived radon decay products, i.e. radium A (RaA), ra-
dium B (RaB), radium C (RaC), and radium C ' 
(RaC'). As noted in TABLE I above, radium B (RaB) 
and radium C (RaC) each emit beta particle and 
gamma ray types of radiation; however, radium B 
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(RaB) and radium C (RaC) decay into radium C'(- noted that the sample filter 30 can be disposed in a 
RaC') within a relatively short period of time and ra- portion of the inlet nozzle 28 or in any other position 
dium C' (RaC') produces an alpha particle radiation withirrthe sample collector 12 wherein the air being 
energy having a magnitude of approximately (7.68) sampled passes through the sample filter 30. 
MeV. Each atom of radium A (RaA) produces an 5 The air is pumped by the pump 16 through the sam-
alpha particle radiation energy having a magnitude of pie collector 12 at a predetermined volumetric flow 
approximately (6.00) MeV.; however, each atom of rate for a predetermined period of time (sometimes 
radium A (RaA) has a potential alpha particle radia- referred to herein as the "sample period of time"), and 
tion energy of approximately [6.00 + 7.68 = 13.68] the air pumped through the sample collector 12 passes 
MeV. produced as radium A (RaA) decays through 10 through the sample filter 30. After the laspe or termina-
radium B (RaB) and radium C (RaC) and radium C tion of the sample period of time, the switch 24 is 
(RaC'). Radium D (RaD) and radium E (RaE) emit opened interrupting electrical continuity between the 
beta particle radiation, and the decay product of ra- pump motor power supply 20 and the pump motor 18, 
dium E (RaE), i.e. radium F (RaF), emits alpha parti- thereby conditioning the pump motor 18 and the pump 
ele radiation. Radium F (RaF) is not considered in 15 16 each in the off condition. Thus, a predetermined, 
determining the working level parameter since it has known volume of air from the test site is passed through 
been considered unlikely for enough atoms of radium F the sample filter 30 during the sample period of time, 
(RaF) to be retained in the human lung and since the the filter 30 filteringly collecting particles containing 
potential inhalation radiation hazard to humans from radon daughters which emit alpha particle radiation 
radium F (RaF) is relatively insignificant as compared 2 0 and beta particle radiation and some gamma radiation, 
with radium A (RaA) and radium C' (RaC'). In sum- The sample filter 30 contaminated with the filtered 
mary, the working level parameter is primarily affected radiative daughters is removed from the inlet conduit 
via the alpha particle activity resulting from the radon 26 of the sample collector 12 and transferred to the 
decay products (radon daughters), radium A (RaA) radiation activity indicator 14, the time allowed to 
and radium C' (RaC'). 25 transfer the sample filter 30 from the sample collector 

With respect to the natural radon family of elements 12 to the radiation activity indicator 14 being a known, 
(radon decay products), it has been found that the sum predetermined period of time, sometimes referred to 
of the alpha particle activity and the beta particle activ- herein as the "transfer period of time." The sample 
ity found on air samples of different age or different filter 30 is disposed in a predetermined position with 
mixtures of radon decay products (radon daughters) 3 0 respect to the beta detector 40 and the alpha detector 
remains relatively stable for a given working level, i.e. 46, and the sample filter 30 provides the radiation 
the sum of the alpha particle activity and the beta parti- source 42 during this aspect of the operation of the 
ele activity of the radon decay products filtered from radiation activity indicator 14. 
the air at a test site changes in a relatively slow manner After the sample filter 30 has been positioned in the 
for a given working level parameter. Conversely, the 3 5 radiation activity indicator 14, the beta and the alpha 
sum of the alpha particle activity and the beta particle detectors 40 and 46 are each conditioned in the on 
activity of the radon decay products filtered from the condition for a known, predetermined period of time, 
air at a test site varies as a substantially constant func- the predetermined period of time during which the 
tion of the working level parameter. Based on this con- alpha and the beta detectors 40 and 46 are conditioned 

%cept and with the proper selection of air sampling inter- 4 0 in the one condition being sometimes referred to herein 
vals, the sampling rate, radiation activity decay times as the "radiation count period of time." During the 
after the termination of the air sampling step and the radiation count period of time when the alpha and the 
selection of the counting periods of time, the working beta detectors 40 and 46 are each in the on condition, 
level parameter of air at a particular test site is deter- the beta detector 40 detects the beta particle activity 
mined from thc sum of the alpha particle activity and 4 5 from the radiation source 42 (the sample filter 30) and 
the beta particle activity, the method and the apparatus provides the output indication 44 representing the de-
of the present invention also being useful for determin- tected beta particle activity, the alpha detector 46 de-
ing various other parameters relating to radioactive tecting the alpha particle activity from the radiation 
decay products of radon in a manner to be described in source 42 (the sample filter 30) and providing the 
greater detail below. 5 0 output indication 48 representing the detected alpha 

In general, the apparatus 10 is transported to a par- particle activity, 
ticular test site, such as a particular location in an un- The output indicator 50 receives the beta detector 40 
derground mine passageway, for example, and the sam- output indication 44 and the alpha detector 46 output 
pie filter 30 is disposed in the inlet conduit 26 of the indication 48. After the lapse or termination of the 
sample collector 12. Thc flexible second inlet conduit radiation count period of time, the output indicator 50 
section 34 is maneuvered to position the inlet nozzle 28 provides the output indication of the radiation activity 
within the air environment at the selected test site. of radon and the decay products of radon at the test site 
After the inlet nozzle 28 has been properly positioned, as detected from the radiation source 42 (the sample 
the switch 24 is closed establishing electrical continuity filter 30). 
between the pump motor power supply 20 and the 6 0 In one preferred embodiment, the beta detector 40 
pump motor 18 thereby conditioning the pump motor and the alpha detector 46 each comprise a photomulti-
in the on condition for driving the pump 16. In the plier tube and a scintillator material. The scintillator 
driven condition of the pump 16, air is pumped from material of the beta detector 40 is sensitive to and 
the air environment at the selected test site, through detects beta particle activity, the scintillator material of 
the inlet nozzle 28, through the inlet conduit 26 to the 6 5 the beta detector 40 emitting short flashes of light 
suction side of the pump 16, and through the pump 16 (photons) in response to beta particles from the radia-
into the discharge conduit 38, the air being discharged tion source 42 passing therethrough. The scintillator 
to a pump exhaust as indicated in FIG. 1. It should be material of the alpha detector 46 is sensitive to and 
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detects alpha particle activity, the scintillator material pulses representing the detected beta particle activity, 
of the alpha detector 46 emitting short flashes of light It is significant to note that the external gamma ray 
(photons) in response to alpha particles from the radia- radiation emitted from the environment at the test site 
tion source 42 passing therethrough. The photomulti- is detected via the beta detector 40 when the beta 
plier tube of the beta detectors 40 receives the flashes 5 detector 40 is conditioned in the counting mode and 
of light emitted via the scintillator material and pro- this external gamma ray radiation is sometimes referred 
vides an electrical signal output indication 44 in re- to herein as "background radiation." Thus, the output 
sponse to the received flashes of light, the electrical indication 44 of the beta detector 40 includes a portion 
signal output indication 44 being in the form of an representing the detected background radiation pro-
electrical signal pulse in response to each received flash 10 duced as a result of the external gamma ray radiation 
of light. By the same token, the photomultiplier tube of and the sum of the detected alpha particle and beta 
the alpha detector 46 receives the flashes of light emit- particle activities should be reduced via an amount 
ted via the scintillator material and provides an electri- representing the detected background radiation to pro-
cal signal output indication 48 in response to the re- vide a more accurate representation or output indica-
ceived flashes of light, the electrical signal output indi- 15 tion of the working level parameter and the various 
cation 48 being in the form of an electrical signal pulse other parameters contemplated via the present inven-
in response to each received flash of light. Thus, the tion. 
number of output signal pulses provided via the photo- In one aspect, the radiation activity indicator 14 is 
multiplier tubes of the beta and alpha detectors 40 and positioned within the air environment generally near 
46 each represent a count of the number of flashes of 2 0 the test site and the beta detector 40 is conditioned in 
light and, since the number of flashes of light emitted the on condition (the counting mode) for a predeter-
via the scintillator material represents the number of mined period of time (sometimes referred to herein as 
alpha or beta particles (depending upon the particular "background count period of time") prior to the dispo-
type of scintillator material utilized) passing through sition of the sample filter 30 in the radiation activity 
the scintillator material, the output signal pulses pro- 2 5 indicator 14. In this condition, the beta detector 40 
vided via each photomultiplier tube represent the num- detects the background radiation primarily due to the 
ber of detected alpha or beta particles, the beta detec- gamma ray radiation from the environment at the test 
tor 40 utilizing a photomultiplier tube in conjunction site and provides the output indication 44 representing 
with a scintillator material responsive to beta particles the detected background radiation. After obtaining the 
and providing output signal pulses representing the 3 0 output indication 44 representing the detected back-
number of detected beta particles, and the alpha detec- ground radiation, the sample filter 30 is inserted in the 
tor 46 utilizing a photomultiplier tube in conjunction radiation activity indicator 14 generally near the beta 
with a scintillator material reponsive to alpha particles and the alpha detectors 40 and 46, and the sum of the 
and providing the output signal pulses representing the detected alpha particle and beta particle activities is 
number of detected alpha particles. 3 5 obtained in a manner generally described before, the 

The output signal pulses produced via the photomul- detected background radiation being subtracted from 
tiplier tube in the beta detector 40 comprise the output the sum of the detected alpha particle and beta particle 
indication 44, in one form, and the output signal pulses activities to provide the output indicator 50 output 
produced via the photomultiplier tube in the beta de- indication representing the working level parameter 
tector 40 are utilized to produce the output indication 4 0 and the other parameters contemplated via the present 
44, in one other form. In any event, the output indica- invention. 
tion 44 represents a chosen fraction of the total number In addition to the background radiation, it is possible 
of beta particles emitted from the radiation source 42 for the radiation activity indicator 14 to become con-
(the sample filter 30) during the radiation count period taminated with radioactive materials from time-to-time 
of time. 4 5 during the utilization of the radiation activity indicator 

By the same token, the output signal pulses produced 14 and the contamination radiation may consist of 
via the photomultiplier tube in the alpha detector 46 alpha particles, beta particles and gamma rays or one 
comprise the output indication 48, in one form, and the or more of such types of radiation emission. Thus, 
output signal pulses produced via the photomultiplier during the radiation count period of time, such contam-
tube in the alpha detector 46 are utilized to produce 5 0 ination radiation will be detected via either the beta 
the output indication 48, in one other form. In any detector 40 or the alpha detector 46 or both depending 
event, the output indication represents a chosen frac- upon the particular type of radiation emission asso-
tion of the total number of alpha particles emitted from ciated with the contamination radiation. In any event, 
the radiation source 42 (the sample filter 30) during the contamination radiation will affect the output indi-
the radiation count period of time. 5 5 cations 44 and 48, and the sum of the detected alpha 

Most of the scintillator materials utilized to detect particle and beta particle activities should be reduced 
beta particle activity are also responsive to gamma rays by an amount representing the detected contamination 
and, in this event, the total number of output signal radiation to provide a more accurate representation or 
pulses produced via the beta detector 40 also includes output indication of the working level parameter and 
a portion representing the gamma ray activity. Thus, 6 0 the other parameters contemplated via the present 
when no radiation activity indicator 14 is conditioned invention. 
in the on condition (sometimes referred to herein as Thus, in one aspect, the alpha and the beta detectors 
the "counting mode"), the beta detector 40 produces 40 and 46 are each conditioned in the on condition 
an output indication representing the gamma ray activ- (the counting mode) for a predetermined period of 
ity and, since gamma ray radiation sources may exist in 6 5 time prior to the disposition of the sample filter 30 in 
the environment at the test site, the beta detector 40 the radiation activity indicator 14, the predetermined 
produces output signal pulses representing the detected period of time also being sometimes referred to herein 
gamma ray activity in addition to the output signal as the "background coun» period of time." In this mode 
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of operation, the background radiation and the con- positioned near the beta detector 40, the pure beta 
tamination radiation are detected and an output indica- particle emitting radioactive material constituting the 
tion is provided via the output indicator 50 represent- radiation source 42 during the calibration aspect o f the 
ing the background and contamination radiation de- operation of the present invention. The pure beta parti-
tected during the background count period of time, and 5 ele emitting source has a predetermined size, shape and 
the detected background and contamination radiation known beta particle radiation emission and the radia-
is subtracted from the sum of the detected alpha parti- tion activity indicator 14 is adjustingly calibrated to a 
ele and beta particle activities to provide the output calibrated condition wherein the output indication of 
indication representing the working level parameter the detected beta particle activity provided via the 
and the other parameters contemplated via the present 10 output indicator 50 corresponds to the known output 
invention. indication which should be provided in response to a 

One preferred timing sequence illustrating the opera- radiation source 42 comprising the pure beta particle 
tion of the method and the apparatus of the present emitting radioactive material. 
invention is shown in FIG. 2 of the drawings wherein The alpha particle activity detection and indication 
the background count period of time extends from time 15 portion of the radiation activity indicator 14 is cali-
(t„) to time (r,); the sample period of time extends from brated in a manner similar to that described above with 
time (f„) to time (r2); the transfer period of time ex- respect to the calibration of the beta particle activity 
tends from time (/*) to time (/,) and the radiation count portion. A pure alpha particle emitting radioactive 
period of time extends from time (?.•,) to time (r4). In material is disposed in the radiation activity indicator 
one operational embodiment of the invention, the 2 0 14 and positioned near the alpha detector 46, the alpha 
background count period of time from time (f,,) to a particle emitting radioactive material constituting the 
time (/]) is substantially equal to sixty (60) seconds; the radiation source 42 during the calibration aspect of the 
sample period of time from a time (ia) to a time (r2) is present invention. The pure alpha particle emitting 
substantially equal to one hundred twenty (120) sec- source has a predetermined size, shape and known 
onds; the transfer period of time from a time (f2) to a 2 5 alpha particle radiation emission and the radiation 
time (t3) is substantially equal to thirty (30) seconds; activity indicator 14 is adjustingly calibrated to a cali-
and thc radiation count period of time from a time (f s) brated condition wherein the output indication of the 
to a time (r.,) is substantially equal to sixty (60) sec- detected alpha particle activity provided via the output 
onds. In this particular operational embodiment, the indicator 50 corresponds to the known output indica-
background radiation and the contamination radiation 3 0 tion which should be provided in response to a radia-
dctected via the beta and the alpha detectors 40 and 46 tion source 42 comprising the pure alpha particle emit-
is available for display via the output indicator 50 for a ting radioactive material. 
first display period of time from a time (/ ,) to a time The beta detector 40 and the alpha detector 46 each 
(r3) substantially equal to ninety (90) seconds follow- provide an output signal indicating or representing the 
ing the termination of the background count period of 3 5 detected beta particle and alpha particle activities, as 
time. The alpha particlc count with background sub- mentioned before. The beta particle and the alpha 
tracted and the beta ray count with background sub- particle activities are each expressed in terms of disin-
tracted are presented for a second display period of tegrations per minute (dpm); however, the beta detec-
time from a time (f4) until the radiation activity indica- tor 40 and the alpha detector 46 output signals repre-
tor 14 is conditioned in the off condition following the 4 0 senting the detected beta particle and alpha particle 
termination of the radiation count period of time. Also activities are each expressed in terms of counts per 
shown in FIG. 2, is a timing diagram of the signal for minute (cpm). The beta detector 40 and the alpha 
activating or enabling the beta detector 40 and the detector 46 output signals expressed in terms of counts 
alpha detector 46 (designated in FIG. 2 as the "Enable per minute (cpm) are related to the actual beta particle 
Signal" and, in this particular operational embodiment, 4 5 and the alpha particle activities (dpm) by a factor (F) 
the enable signal is in the "high" state for a period of to correct (cpm) to 4ir counting geometry (dpm), i.e. 
time from a time (f0) to a time </,) and for a period of [dpm = (F) (cpm)]. The beta detector 40 and the 
time from a time (/3) to a time (JA), and beta detector alpha detector 46 each include a calibration assembly 
40 and the alpha detector 46 being conditioned in the for adjustingly calibrating the beta and the alpha detec-
on condition or the counting mode in the high state of 5 0 tors 40 and 46 to provide output signals representing 
the enable signal and the enable signal being in the high the beta particle and the alpha particle activities as a 
state during the background count period of time and predetermined fraction of activities in terms of disinte-
the radiation count period of time. It should be noted grations per minute (dpm). 
that the background count period of time occurs simul- Once the beta detector 40 and the alpha detector 46 
taneously with the sample period of time since the two 5 5 have been calibrated to provide output signals repre-
operations can be conducted in an independent man- senting the beta particle and the alpha particle activi-
ner with the sample collector 12 being utilized for col- ties in the same known relation to terms of disintegra-
lecting the radiation sample and the radiation activity tions per minute (dpm), the sum of the alpha particle 
indicator 14 being utilized for determining the back- and the beta particle activities is proportional to the 
ground radiation activity. 6 0 working level (WL). The precise relationship between 

In one preferred operational embodiment, the radia- the sum of the alpha particle and the beta particle 
tion activity indicator 14 is calibrated to substantially activities and the working level (WL) depends also on 
assure an accurate output indication of the detected the volumetric flow rate of the air through the sample 
beta particle and alpha particle activities. With respect collector 12 or, more particularly, through the sample 
to the calibration o f t h e beta particle activity detection 6 5 filter 30; the time elapsed between the termination of 
and indication portion of the radiation activity indica- the sample period of time at a time ( t t ) and the begin-
tor 14, a pure beta particle emitting radioactive mate- ning of the radiation count period of time at a time (/3), 
rial is disposed in the radiation activity indicator 14 and i.e. a total time equal to the transfer period of time; the 
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periods of time allowed for the background count pe- activity is subtracted from the alpha particle activity to 
riod of time and the radiation count period of time; and obtain the difference between the detected alpha parti-
the sample period of time. One particularized timing ele and the beta particle activities and, utilizing this 
sequence in accordance with the present invention is difference together with the working level parameter 
shown in FIG. 2, and, in one operational embodiment, 5 determined via summing the detected alpha particle 
the volumetric flow rate of the air passing through the and beta particle activities, the radon concentration is 
sample filter 30 is approximately equal to (2.5) liters estimated from the chart shown in FIG. 7. In addition 
per minute. In one operational embodiment, for exam- to the radon concentration, the age of the air being 
pie, the radiation activity indicator 14 is calibrated to sampled (the equivalent radon daughter ingrowth 
provide an output indication of the sum of the alpha 1 0 time) also is estimated from the chart shown in FIG. 7. 
particle and the beta particle activities divided by one For example, assuming a detected alpha particle activ-
thousand (1000), the output indication being the de- ity of (880) and a detected beta particle activity of 
sired working level parameter. (620) [the alpha particle and the beta particle activities 

The age of the air being sampled should be consid- each representing the amounts determined during the 
ered in the calibration of the radiation activity indica- '5 radiation count period of time with the background the 
tor 14 since this factor can result in errors in the work- contamination radiation as determined during the 
ing level parameter determination, the "age" of air background count period of time, subtracted there-
refers to the elapsed time since the radon decay prod- from], the working level parameter is equal to 1/1000 
ucts were last removed from the radon in the air envi- the sum of the detected alpha particle and the beta 
ronment being tested (for example, "6-minute air" 2 0 particle activities, i.e. (1.50) WL, and the difference 
refers to air which has had six (6) minutes to accumu- between the detected alpha particle and beta particle 
late radon decay products]. In calibrating one opera- activities is equal to (+260). Based on these parame-
tional radiation activity indicator 14, the working level ters, the radon concentration is estimated from the 
parameter was multiplied by a factor of (1.3) for 6- chart of FIG. 7 to be [350 pCi/1] and the age of the air 
minute air; the working level parameter was multiplied 2 5 being sampled is estimated from the chart of FIG. 7 to 
by a factor of (1.12) for "20-minute air", the working be about 30 minutes. The chart of FIG. 7 is based on a 
level parameter was multiplied by a factor of (0.93) for sample period of time approximately equal to two (2) 
"45-minute air" to equilibrium. minutes, a volumetric flow rate through the sample 

Since the present invention provides the working collector 12 of approximately (2.5) liters per minute, 
level parameter within a relatively short period of time, 3 0 and a one (1) minute decay time. It should be noted 
the air environment can be sampled a second time to that the chart of FIG. 7 is not applicable to radon 
provide second determined parameters for checking daughter ingrowth times equal to or less than six (6) 
the first determined parameters or re-evaluating the air minutes. 
environment to check the effectiveness of procedures It should be noted that alpha particle radiation is not 
initiated to correct a detected unsafe condition. Fur- 3 5 a type of penetrating radiation; however, beta particle 
ther, a second working level parameter can be deter- radiation is a penetrating type of radiation. This is an 
mined utilizing the same sample filter 30 which was important consideration in determining the disposition 
utilized to provide the first determined working level and the orientation of the sample filter 30 in the sample 
parameter. To obtain the second determined working collector 12 and in the radiation activity indicator 14. 
level parameter, the sample filter 30 is removed from 4 0 As diagrammatically shown in FIG. 1, the sample filter 
the radiation activity indicator 14 and the radiation 30 is oriented in the sample collector 12 such that the 
activity indicator 14 is reset to start the operation filterable airborne radioactive particulate matter is 
thereof at the time (f0). A second background radia- deposited on a particle collection side 51 of the sample 
tion, including a second contamination radiation, is filter 30. When the sample filter 30 is disposed in the 
detected during the background count period of time 4 5 radiation activity indicator 14, the sample filter 30 
and, at the time (/»), the same sample filter 30 is dis- preferably oriented such that the particle collection 
posed in the radiation activity indicator 14, the alpha side 51 of the sample filter 30 is disposed near the alpha 
particle and the beta particle activities being deter- detector 48 and the side of the sample filter 30, oppo-
mined during the radiation count period of time in a site the particle collection side 51, is disposed near the 
manner described before. In determining the second 5 0 beta detector 40. The orientation of the sample filter 
working level parameter, the sample filter 30 is re- 30 in the radiation activity indicator 14 in a manner just 
moved from the radiation activity indicator 14 for a described tends to improve the detection efficiency of 
period of time approximately equal to one (1) minute the radiation activity indicator 14, since the beat parti-
and a factor of (1.4) is applied to the sum of the second ele radiation will penetrate the thickness of the sample 
detected alpha particle and beta particle activities to 5 5 filter 30 for detection via the beta detector 40, while 
obtain the second determined working level parameter, the alpha particle radiation will be detected via the 
the factor of (1.4) being multiplied by the sum of the alpha detector 46 without the necessity of penetrating 
second detected alpha particle and beta particle activi- the sample filter 30 material thickness. In one embodi-
ties to compensate for the time delay incurred in per- ment, the sample filter 30 is supported in a sample 
forming the second sampling procedure. It has been 60 holder and the radiation activity indicator 14 is con-
found that the second determined working level param- structed to receive the sample holder in a manner sub-
eter provides a more precise working level measure- stantially assuring the disposition of the particle collec-
ment as compared to the first determined working level tion side 51 of the sample filter 30 near the alpha detec-
parameter. tor 46 in a manner to be described below in connection 

In addition to the other parameters, the present in- 6 5 with FIG. 8. 
vention also contemplates the determination of the In one embodiment of the invention, the scintillator 
radon concentration expressed in piocuries per liter utilized in the beta detector 40 may be constructed of 
(pCi/1). In this aspect of the invention, the beta particle a material having a thickness of (0.020 inches) and 
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commercially available from such sources as New En-
gland Nuclear, one scintillator material being identified 
via the New England Nuclear designation "Pilot B," for 
example. The alpha scintillator 516 may be constructed 
of a material comprising a powdered zinc sulfide (sil-
ver-activatcd), for example, zinc sulfide being a mate-
rial which is highly sensitive to visible light and has a 
substantially low response to either gamma ray or beta 
particle radiation. 

Embodiment of FIG. 3 
One preferred embodiment of the radiation activity 

indicator 14 is schematically and diagrammatically 
shown in greater detail in FIG. 3. 

The alpha detector 46 includes a radiation detector 
52, an amplifier 54, a pulse height discriminator 56, a 
pulse shape r 58, a counter 60, a pulse rate multiplier 62 
and a calibration assembly 64. In general, the alpha 
dctcctor 46 detects alpha particle activity from the 
radiation source 42 and provides the output indication 
48. In this embodiment of the radiation activity indica-
tor 14, thc output indication 48, more particularly, is a 
digital pulse form of electrical output signal and is 
provided on a signal path 66, the output indication on 
the signal path 66 being indicative of the detected 
alpha particle activity. 

Thc radiation detector 52 detects the alpha particle 
activity from a radiation source or, more particularly, 
from the radiation source 42 and provides an output 
signal on a signal path 68. In one form, the radiation 
detector 52 includes a scintillator material which emits 
optical photons in response to alpha particle radiation 
and a photomultiplier tube which converts the rela-
tively short flashes of light into an electrical output 
signal, the output signal comprising a number of pulse 
type signals indicating the alpha particle activity pass-
ing through the scintillator material. Thus, the radia-
tion detector 52 output signal on the signal path 68 
indicates or represents a count of the alpha particles 
passing through the scintillator material, and the output 
signal On the signal path 68 is generally within the milli-
volts range. 

The radiation detector 52 output signal is connected 
to and received by the amplifier 54, the amplifier 54 
providing and amplified output signal on a signal path 
70 in response to the received radiation detector 52 
output signal. The amplifier 54 output signal on the 
signal path 70 is connected to and received via the 
pulse height discriminator 56. The pulse height dis-
criminator 56 receives the amplifier 54 output signal 
and is constructed to pass only those received pulses 
having an amplitude which exceeds a predetermined 
minimum amplitude for filtering low amplitude noise 
signals and the like from the received amplifier 54 
output signal, thereby substantially assuring that the 
pulse signals provided via the pulse height discrimina-
tor 56 output signal on a signal path 72 are indicative of 
the received signals provided in response to the de-
tected alpha particle activity. 

The pulse height discriminator 56 output signal on 
the signal path 72 is connected to and received by the 
pulse shaper 58 which is a circuit constructed to re-
ceive electrical signals generated in response to the 
detected alpha particle activity having varying ampli-
tudes and to provide a digital form of output signal on 
a signal path 74. The pulse shaper 58 provides a digital 
output signal on the signal path 74 having a logical high 
amplitude value in response to each received input 
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signal representing an alpha particle detected via the 
radiation detector 52, and thus the number of times the 
pulse shaper 74 output signal goes to a logical high 
amplitude value from a logical low amplitude value 

5 indicates the number of alpha particles detected from 
the radiation source 42. 

The pulse shaper 58 output signal on the signal path 
74 is connectcd to and received by the counter 60. The 
counter 60 is a digital type of counter and produces one 

10 output signal pulse on a signal path 76 in response to a 
predetermined number of input pulses connected 
thereto via the signal path 74, the counter 60 being of 
thc type generally referred to in the art as a "divide" 
type of counter. The counter 60 reduces the number of 

15 digital pulses indicating the detected alpha particle 
activity by the predetermined number with respect to 
the number of digital pulses on the signal path 74, for 
reasons to be made more apparent below. 

The counter 60 output signal on the signal path 76 is 
connected to and received by the pulse rate multiplier 
62, the pulse rate multiplier 62 also receiving an enable 
signal via a signal path 78. The pulse rate multiplier 62 
also receives a plurality of signals on signal path 80 
provided via the calibration assembly 64, only the first 

2 5 and the last of the signal paths 80 being shown in FIG. 
3 and designated therein via the general reference nu-
merals 80A and 80B, respectively. The pulse rate mul-
tiplier 62 is a variable, digital counter type of network 
and is constructed to provide one (1) output signal 

3 0 pulse on the signal path 66 in response to receiving an 
enable signal in the low state on the signal path 78 and 
in response to receiving a determined number of input 
signal pulses connected thereto via the signal path 76, 
i.e. in response to receiving a determined number of 

3 5 counter 60 output signal pulses. The pulse rate multi-
plier 62 provides an output signal in the low state or, in 
other words, no output signal in response to receiving 
an enable signal on the signal path 78 in the high state. 
Thus, the alpha detector 46 is conditioned in the on 

4 0 condition in the low state of the enable signal and the 
alpha detector 46 is conditioned in the off condition in 
the high state of the enable signal. 

The calibration assembly 64 output signals 80 are 
manually settable or controllable and the pulse rate 

4 5 multiplier 62 is adjustable to provide one (1) output 
signal pulse on the signal path 66 in response to receiv-
ing an adjustingly controlled number of input signal 
pulses on the signal path 76, the precise number of 
input signal pulses on the signal path 76 required to 

5 0 produce one (1) pulse rate multiplier 62 output signal 
pulse on the signal path 66 being adjustingly controlled 
via the calibration assembly 64 output signals on the 
signal paths 80 connected between the pulse rate multi-
plier 62 and the calibration assembly 64. In one form, 

5 5 the calibration assembly 64 comprises a plurality of 
manually operatable switches, each switch being con-
nected to an electrical operating power supply and 
interposed in one of the signal paths 80, for example. In 
this form of the calibration assembly 62, the electrical 

6 0 operating power supply is connected to the pulse rate 
multiplier 62 via the signal paths 80 in the closed posi-
tion of the switches and the electrical operating power 
supply is disconnected from the pulse rate multiplier 62 
in the opened position of the switches, each switch 

65 connecting the electrical operating power supply to the 
pulse rate multiplier 62 via one of the signal paths 80 
and the opened and closed positions of the switches 
controlling the number of input signal pulses on the 



17 
3,988,587 

signal path 76 required to produce one (1) output pulse 
on the signal path 66. 

The alpha detector 46 output signal on the signal 
path 66 is connected to an received by an alpha 
counter assembly 82, the alpha counter assembly 82 5 

also receiving a reset signal on a signal path 86. In the 
low state of the reset signal, the alpha counter assembly 
82 counts the input signal pulses received on the signal 
path 66 and provides an output signal on a signal path 
assembly 88 indicating the number of received input 10 

signal pulses counted via the alpha counter assembly 
82. The alpha counter assembly 82 is reset in response 
to receiving a reset signal on the signal path 86, the 
output signal on the signal path assembly 88 being 
switched to an output signal indicating a "zero" (0) 15 

count in response to receiving a reset signal on the 
signal path 86 in the high state. 

The alpha counter assembly 82 output signal on the 
signal path assembly 88 is connected to and received by 
an alpha display indicator 90, and the alpha display 2 0 

indicator 90 is constructed to provide a perceivable 
output indication of the number of pulses counted via 
the alpha counter assembly 82, the output indication 
provided via the alpha display indicator 90 being in the 
form of a decimal numerical display in one preferred 
embodiment as shown in FIG. 3. The alpha counter 
assembly 82 output signal on the signal path assembly 
88 represents the number of pulses received by the 
alpha counter assembly 82 on the signal path 66 and 
thus the output indication provided via the alpha dis- 3 0 

play indicator 90 is representative of the alpha particle 
activity detected via the alpha detector 46. 

The alpha counter assembly 82, more particularly, 
includes a plurality of up-down counters 9 2 , 9 4 , 9 6 and 
98, and the alpha detector 46 output signal on the 3 5 

signal path 66 is connected to and received via each of 
the up-down counters 92, 94, % and 98, each of the 
up-down counters 92, 94, 96 and 98 also receiving the 
reset signal on the signal path 86. The up-down counter 
92 is connected to the up-down counter 94 via a signal 4 0 

path 100, the up-down counter 94 is connected to the 
up-down counter 96 via a signal path 102 and the up-
down counter 96 is connected to the up-down counter 
98 via a signal path 104, the up-down counter 92 pro-
viding an alpha counter assembly 82 carry-out signal on 4 5 

a signal path 106. 
The signal path assembly 88, more particularly, in-

cludes: a plurality of signal paths connected to the 
up-down counter 92 and to the alpha display indicator 
90, the first and the last signal paths being shown in 5 0 

FIG. 3 and designated via the general reference numer-
als 88A and 88B, respectively; a plurality of signal 
paths connected to the up-down counter 94 and to the 
alpha display indicator 90, the first and the last signal 
paths being shown in FIG. 3 and designated via the 5 5 

general reference numerals 88C and 88D, respectively; 
a plurality of signal paths connected to the up-down 
counter 96 and to the alpha display indicator 90, the 
first and the last signal paths being shown in FIG. 3 and 
designated via the general reference numerals 88E and 6 0 

88F, respectively; and a plurality of signal paths con-
nected to the up-down counter 98 and to the alpha 
display indicator 90, the first and the last signal paths 
being shown in FIG. 3 and designated via the general 
reference numerals 88G and 88H, respectively. The 6 5 

up-down counter 98 provides an output signal via the 
signal paths 88G and 88H in response to each input 
signal pulse connected thereto via the alpha detector 
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46 output signal on the signal path 66, the up-down 
counter 96 provides an output signal via the signal path 
88E and 88F in response to each ten (10) input signal 
pulses connected thereto via the alpha detector 46 
output signal on the signal path 66, the up-down 
counter 94 provides an output signal via the signal 
paths 88C and 88D in response to each one hundred 
(100) input signal pulses connected thereto via the 
alpha detector 46 output signal on the signal path 66, 
and the up-down counter 92 provides an output signal 
via the signal paths 88A and 88B in response to each 
one thousand (1000) input signal pulses connected 
thereto via the alpha detector 46 output signal on the 
signal path 66, the up-down counters 92,94, 96 and 98 
being connected via the signal paths 100, 102 and 104 
to provide the output signals just described. Thus, the 
up-down counters 92, 94, 96 and 98 are constructed to 
provide output signals via the signal path assembly 88 
indicating the count of the alpha detector 46 output 
signal pulses as a four digit numerical indication with 
the up-down counter 98 output signal indicating the 
units digit count, the up-down counter 96 output signal 
indicating the tens digit count, the up-down counter 94 
output signal indicating the hundreds digit count and 
the up-down counter 92 output signal indicating the 
thousands digit count. 

An up-down enable signal on a signal path 108 is 
connected to and received by each of the up-down 
counters 92, 94, 96 and 98. Each of the up-down 
counters 92, 94, 96 and 98 is constructed to be condi-
tioned in the count-up condition in the high state of the 
up-down enable signal on the signal path 108, and to be 
conditioned in the count-down condition in the low 
state of the up-down enable signal on the signal path 
108. The generation of the up-down enable signal, the 
reset signal and the utilization of the carry out signal 
will be described in greater detail below. 

The alpha display indicator 90 includes a plurality of 
BCD (binary coded decimal) to 7-segment converters 
110, 112, 114 and 116, and a plurality of decimal dis-
play indicators 118, 120, 122, 124 and 126, the deci-
mal display indicator 118 being sometimes referred to 
herein as the "minus sign decimal display indicator" for 
reasons to be made more apparent below. The convert-
ers 110,112,114 and 116 are each connected to one of 
the decimal display indicators 120, 122, 124 and 126 
via a signal path assembly 128. More particularly, the 
converter 110 is connected to the decimal display indi-
cator 120 via a plurality of signal paths (only the first 
and the last signal paths being shown in FIG. 3 and 
designated via the general reference numerals 128A 
and 128B, respectively); the converter 112 is con-
nected to the decimal display indicator 122 via a plural-
ity of signal paths (only the first and the last signal 
paths being shown in FIG. 3 and designated via the 
general reference numerals 128C and 128D, respec-
tively); the converter 114 is connected to the decimal 
display indicator 124 via a plurality of signal paths 
(only the first and the last signal paths being shown in 
FIG. 3 and designated via the general reference numer-
als 128E and 128F, respectively); and the converter 
116 is connected to the decimal display indicator 126 
via a plurality of signal paths (only the first and the last 
signal paths being shown in FIG. 3 and designated via 
the general reference numerals 128G and 128H, re-
spectively). 

The up-down counters 92, 94, 96 and 98 each pro-
vide an output signal indicating or representing the 
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number of input signal pulses counted by the up-down 
counter in the binary system of notation. Each of the 
BCD to 7-segment converters 110, 112, 114 and 116 
receives the output signal from one of the up-down 
counters 92, 94, 96 and 98 and converts the received 5 

number from thc BCD system of notation to the equiv-
alent number in the 7-segment system of notation, each 
converter 110, 112, 114 and 116 providing an output 
signal on the signal path assembly 128 representing the 
number of input signal pulses detected by the alpha 10 

detector 46 and counted by the alpha counter assembly 
82 in a BCD system of notation. Each of the decimal 
display indicators 120, 122, 124 and 126 receives the 
output signal from one of the converters 110, 112, 114 
and 116 and provides a visually perceivable output 15 

indication displaying the number of alpha particles 
detected via the alpha detector 46 and counted via the 
alpha counter assembly 82, each of the decimal display 
indicators 120, 122, 124 and 126 being more particu-
larly of the type generally referred to in the art as a 20 
7-segment type of decimal display device or the like, 
for example. 

The minus sign decimal display indicator 118 re-
ceives a signal via a signal path 130 and is constructed 
to display a visually perceivable output indication of a 25 
"minus" (—) sign when receiving a signal in the high 
state on thc signal path 130, thereby indicating thc 
numerals displayed via the remaining decimal display 
indicators 120, 122, 124 and 126 represent a negative 
(—) count (background), an absence of any visually 3 0 

perceivable output indication via the minus sign deci-
mal display indicator 118 (thc condition of the minus 
sign decimal display indicator 118 when receiving a 
signal in the low state on the signal path 130) indicating 
numerals displayed via the remaining decimal display 
indicators 120, 122, 124 and 126 represent a positive 
(+) count in this embodiment of the invention. The 
decimal display indicator 122 also receives a signal via 
a signal path 132 and provides a visually perceivable 
output indication of a "decimal point"(.) in response to 4 0 

receiving a signal in the high state on the signal path 
132, for reasons to be made more apparent below. 

Thc beta detector 40 is constructed similar to the 
alpha detector 46 and includes a radiation detector 
134, an amplifier 136, a pulse height discriminator 138, 4 5 

a pulse shaper 140, a counter 142, a pulse rate multi-
plier 144 and a calibration assembly 146. In general, 
the beta detector 40 detdf ts beta particle activity from 
the radiation source 42 and provides the output indica-
tion 44. The output indication 44, more particularly, is 5 0 

a digital pulse form of electrical output signal and is 
provided on a signal path 148, the output indication on 
the signal path 148 being indicative of the detected 
beta particle activity. 

The radiation detector 134 detects the beta particle 5 5 

activity from a radiation source or, more particularly, 
from the radiation source 42 and provides an output 
signal on a signal path 150. In one form, the radiation 
detector 134 includes a scintillator material which 
emits optical photons in response to beta particle radia- 6 0 

tion and a photomultiplier tube which converts the 
relatively short flashes of light into an electrical output 
signal, the output signal comprising a number of pulse 
type signals indicating the beta particle activity passing 
through the scintillator material. Thus, the radiation 6 5 

detector 134 output signal on the signal path 150 indi-
cates or represents a count of the beta particles passing 
through the scintillator material, and the output signal 
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on the signal path 150 is generally within the millivolt 
range. 

The- radiation detector 134 output signal is con-
nected to and received by the amplifier 136, the ampli-
fier 136 providing an amplified output signal on a signal 
path 150 in response to the received radiation detector 
134 output signal. The amplifier 136 output signal on 
the signal path 152 is connected to and received via the 
pulse height discriminator 138. The pulse height dis-
criminator 138 receives the amplifier 136 output signal 
and is constructed to pass only those received pulses 
having an amplitude which exceeds a predetermined 
minimum amplitude for filtering low amplitude noise 
signals and the like from the received amplifier 136 
output signal, thereby substantially assuring that the 
pulse signals provided via the pulse height discrimina-
tor 138 output signal on a signal path 154 are indicative 
of the received signals provided in response to the 
detected beta particle activity. 

The pulse height discriminator 138 output signal on 
the signal path 154 is connected to and received by the 
pulse shaper 140 which is a circuit constructed to re-
ceive electrical signals generated in response to the 
detected alpha particle activity having varying ampli-
tudes and to provide a digital form of output signal on 
a signal path 156. The pulse shaper 140 provides a 
digital output signal on the signal path 156 having a 
logical high amplitude value in response to each re-
ceived input signal representing a beta particle de-
tected via the radiation detector 134, and thus the 
number of times the pulse shaper 140 output signal 
goes to a logical high amplitude value from a logical 
low amplitude value indicates the number of beta parti-
cles detected from the radiation source 134. 

The pulse shaper 134 output signal on the signal path 
156 is connected to and received by the counter 142. 
The counter 142 is a digital type of counter and pro-
duces one output signal pulse on a signal path 158 in 
response to a predetermined number of input pulses 
connected thereto via the signal path 156, the counter 
142 being of the type generally referred to in the art as 
a "divide" type of counter. The counter 142 reduces 
the number of digital pulses indicating the detected 
beta particle activity by the predetermined number 
with respect to thc number of digital pulses on the 
signal path 156, for reasons to be made more apparent 
below. 

The counter 142 output signal on the signal path 158 
is connected to and received by the pulse rate multi-
plier 144, the puse rate multiplier 144 also receiving an 
enable signal via the signal path 78. The pulse rate 
multiplier 144 also receives a plurality of signals on 
signal path 161 provided via the calibration assembly 
146, only the first and the last of the signal paths 161 
being shown in FIG. 3 and designated therein via the 
general reference numerals 161A and 16IB, respec-
tively. The pulse rate multiplier 144 is a variable, digital 
counter type of network and is constructed to provide 
one (1) output signal pulse on the signal path 158 in 
response to receiving an enable signal in the high state 
on the signal path 78 and in response to receiving a 
determined number of input signal pulses connected 
thereto via the signal path 158, i.e. in response to re-
ceiving a determined number of counter 142 output 
signal pulses. The pulse rate multiplier 144 provides an 
output signal in the low state or, in other words, no 
output signal in response to receiving an enable signal 
on the signal path 78 in the low state. Thus, the beta 
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detector 40 is conditioned in the on condition in the and 174, and the beta detector 40 output signal on the 
high state of the enable signal and the beta detector 40 signal path 148 is connected to and received via each of 
is conditioned in the off condition in the low state of the up-down counters 168, 170, 172 and 174, each of 
the enable signal, the same enable signal being utilized the up-down counters 168, 170, 172 and 174 also re-
to condition the alpha detector 46 in the on and the off 5 ceiving the reset signal on the signal path 86. The up-
condition, in this embodiment of the invention. down counter 168 is connected to the up-down counter 

The calibration assembly 146 output signals 161 are 170 via a signal path 176, the up-down counter 170 is 
manually settable or controllable and the pulse rate connected to the up-down counter 172 via a signal path 
multiplier 144 is adjustable to provide one (1) output 178 and the up-down counter 172 is connected to the 
signal pulse on the signal path 148 in response to re- 1 0 up-down counter 174 via a signal path 180, the up-
ceiving an adjustingly controlled number of input signal down counter 168 providing a beta counter assembly 
pulses on the signal path 158, the precise number of 162 carry-out signal on a signal path 182. 
input signal pulses on the signal path 158 required to The signal path assembly 164, more particularly, 
produce one (1) pulse rate multiplier 144 output signal includes: a plurality of signal paths connected to the 
pulse on the signal path 148 being adjustingly con- 15 up-down counter 168 and to the beta display indicator 
trolled via the calibration assembly 146 output signals 166, the first and the last signal paths being shown in 
on the signal paths 161 connected between the pulse FIG. 3 and designated via the general reference numer-
rate multiplier 144 and the calibration assembly 146. In als 164A and 164B, respectively; a plurality of signal 
one form, the calibration assembly 146 comprises a paths connected to the up-down counter 170 and to the 
plurality of manually operatable switches, each switch 2 0 beta display indicator 166, the first and the last signal 
being connected to an electrical operating power sup- paths being shown in FIG. 3 and designated via the 
ply and interposed in one of the signal paths 161, for general reference numerals 164C and 164D, respec-
example. In this form of the calibration assembly 146, tively; a plurality of signal paths connected to the up-
the electrical operating power supply is connected to down counter 172 and to the beta display indicator 
the pulse rate multiplier 144 via the signal paths 161 in 2 5 166, the first and the last signal paths being shown in 
the closed position of the switches and the electrical FIG. 3 and designated via the general reference numcr-
operating power supply is disconnected from the pulse als 164E and 164F, respectively; and a plurality of 
rate multiplier 144 in the opened position of the signal paths connected to the up-down counter 174 and 
switches, each switch connecting the electrical operat- to the beta display indicator 166, the first and the last 
ing power supply to the pulse rate multiplier 144 via 3 0 signal paths being shown in FIG. 3 and designated via 
one of the signal paths 161 and the opened and closed the general reference numerals 164G and 164H, re-
positions of the switches controlling the number of spectively. The up-down counter 174 provides an out-
input signal pulses on the signal path 158 required to put signal via the signal paths 164G and 164H in re-
produce one (1) output signal pulse on the signal path sponse to each input signal pulse connected thereto via 
148. 3 5 the beta detector 40 output signal on the signal path 

The beta detector 40 output signal on the signal path 148, the up-down counter 172 provides an output sig-
148 is connected to and received by a beta counter nal via the signal path 164E and 164F in response to 
assembly 162, the beta counter assembly 162 also re- each ten (10) input signal pulses connected thereto via 
ceiving a reset signal on the signal path 86, the same the beta detector 40 output signal on the signal path 
reset signal connected to the alpha counter assembly 4 0 148, the up-down counter 170 provides on output sig-
82. In the low state of the reset signal, the beta counter nal via the signal paths 164C and 164D in response to 
assembly 162 counts the input signal pulses received on each one hundred (100) input signal pulses connected 
the signal path 148 and provides an output signal on a thereto via the beta dctector 40 output signal on the 
signal path assembly 164 indicating the number of signal path 148, and the up-down counter 168 provides 
received input signal pulses counted via the beta 4 5 an output signal via the signal paths 164A and 164B in 
counter assembly 162. The beta counter assembly 162 response to each one thousand (1000 ) input signal 
is reset in response to receiving a reset signal on the pulses connected thereto via the beta detector 40 out-
signal path 86, the output signal on the signal path put signal on the signal path 148, the up-down counters 
assembly 164 being switched to an output signal indi- 92, 9 4 , 9 6 and 98 being connected via the signal paths 
eating a "zero" (0) count in response to receiving a 5 0 176, 178 and 180 to provide the output signals just 
reset signal on the signal path 86 in the high state. described. Thus, the up-down counters 168, 170, 172 

The beta counter assembly 162 output signal on the and 174 are constructed to provide output signals via 
signal path assembly 164 is connected to and received the signal path assembly 164 indicating the count of the 
by a beta display indicator 166, and the beta display beta detector 40 output signal pulses as a four digit 
indicator 166 is constructed to provide a perceivable 5 5 numerical indication with the up-down counter 174 
output indication of the number of pulses counted via output signal indicating the units digit count, the up-
the beta counter assembly 162, the output indication down counter 172 output signal indicating the tens 
provided via the beta display indicator 166 being in the digit count, the up-down counter 170 output signal 
form of a decimal numerical display in one preferred indicating the hundreds digit count and the up-down 
embodiment as shown in FIG. 3. The beta counter 6 0 counter 168 output signal indicating the thousands 
assembly 162 output signal on the signal path assembly digit count. 

164 represents the number of pulses received by the An up-down enable signal on a signal path 184 is 
beta counter assembly 162 on the signal path 148 and connected to and received by each of the up-down 
thus the output indication provided via the beta display counters 168, 170, 172 and 174. Each of the up-down 
indicator 166 is representative of the beta particle ac- 6 5 counters 168, 170, 172 and 174 is constructed to be 
tivity detected via the beta detector 40. conditioned in the count-up condition in the high state 

The beta counter assembly 162, more particularly, of the up-down enable signal on the signal path 184, 
includes a plurality of up-down counters 168,170,172 and to be conditioned in the count-down condition in 
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the low state of the up-down enable signal on he signal remaining decimal display indicators 196,198,200 and 
path 184. The generation of the up-down enable signal, 202 represent a positive (+) count in this embodiment 
the reset signal and the utilization of the carry out of theinvention. The decimal display indicator 198 also 
signal will be described in greater detail below. receives a signal via a signal path 208 and provides a 

The beta display indicator 166 includes a plurality of 5 visually perceivable output indication of a decimal 
BCD (binary codcd decimal) to 7-scgment converters point (.) in response to receiving a signal in the high 
186, 188, 190 and 192. and a plurality of decimal dis- state on the signal path 208, for reasons to be made 
play indicators 194, 196, 198, 200 and 202, the deci- more apparent below. 
mal display indicator 194 being sometimes referred to The radiation activity detector 14 includes a se-
herein as thc "minus sign dccimal display indicator" for 10 quence control 210. In general, the sequence control 
reasons to be made more apparent below. The convert- 210 includes: a clock generator 212 providing periodic 
ers 186,188,190 and 192 arc cach connected to one of output clock signal pulses at a predetermined fre-
thc decimal display indicators 196, 198, 200 and 202 quency on a signal path'214; a counter 216 receiving 
via a signal path assembly 204. More particularly, the thc clock signal pulses on the signal path 214 and pro-
converter 186 is connected to the decimal display indi- 15 viding an output signal pulse of a relatively short dura-
cator 196 via a plurality of signal paths (only thc first tion on a signal path 218 in response to receiving a 
and the last signal paths being shown in FIG. 3 and predetermined number of clock signal pulses on the 
designated via the general reference numerals 204A signal path 214; an inverter 220 receiving the counter 
and 204B, respectively)1, and the converter 188 is con- 216 output signal pulses on the signal path 218, provid-
nectcd to the dccimal display indicator 198 via a plural- 2 0 ing an output signal in the high state on a signal path 
ity of signal paths (only thc first and the last signal 222 in response to receiving a signal in the low state 
paths being shown in FIG. 3 and designated via the and providing an output signal in the low state in re-
general reference numerals 204C and 204D, respcc- sponse to receiving a signal in the high state; and a 
tivcly); the converter 190 is connected to thc decimal decoder 224. 
display indicator 200 via a plurality of signal paths 2 5 The decoder 224 receives the signal pulses on the 
(only the first and the last signal paths being shown in signal path 222 and provides output signals on a plural-
FIG. 3 and designated via the general reference numer- ity of signal path 226, 228, 230,232,234 and 236. The 
als 204E and 204F, respectively); and the converter decoder 224 is constructed such that the signal on each 
192 is connected to the dccimal display indicator 202 of the signal paths 226, 228, 230, 232, 234 and 236 is 
via a plurality of signal paths (only the first and the last 3 0 initially in the low state, and the decoder 224 sequen-
signal paths being shown in FIG. 3 and designated via tially changes the state of the signal on the decoder 224 
thc general reference numerals 204G and 204H, re- output signal paths 226, 228, 230, 232, 234 and 236 in 
spectively). response to a positive going transition of the signal 

The up-down counters 168, 170, 172 and 174 each pulse on the signal path 222, the decoder 224 having 
provide an output signal indicating or representing the 35 seven (7) effective output signal terminals [the last 
number of input signal pulses counted by the up-down three terminals (8), (9) and (10) of the decoder 224 
counter in the binary system of notation. Each of the are not utilized] and the output signal paths 226, 228, 
converters 186, 188, 190 and 192 receives the output 230, 232, 234 and 236 being connected to each of the 
signal from one of the up-down counters 168,170,172 decoder 224 output terminals except a signal path is 
and 174 and converts the received number from the 4 0 not connected to the fifth decoder 224 output terminal 
BCD system of notation to the equivalent number in he for reasons to be made more apparent below. 
7-segmcnt system of notation, each converter 186,188, During the operation of the decoder 224, the signal 
190 and 192 providing an output signal on the signal on the signal path 226 is switched to the high state in 
path assembly 204 representing the number of input response to the first received positive going transition 
signal pulses detected by the beta detector 40 and 4 5 of the signal pulse on the signal path 222; the signal on 
counted by the beta counter assembly 162 in a 7-seg- the signal path 228 is switched to the high state and the 
ment system of notation. Each of the decimal display signal on the signal path 226 is switched from the high 
indicators 196, 198, 200 and 202 receives the output state to the low state in response to the second received 
signal from one of the converters 186, 188, 190 and positive going transition of the signal pulse on the signal 
192 and provides a visually perceivable output indica- 50 path 222; the signal on the signal path 230 is switched 
tion displaying the number of beta particles detected to the high state and the signal on the signal path 228 is 
via the beta detector 40 and counted via the beta switched from the high state to the low state in re-
counter assembly 162, each of the converters 196,198, sponse to the third received positive going transition of 
200 and 202 being more particularly of the type gener- the signal pulse on the signal path 222; the signal on the 
ally referred to in the art as a 7-segment type of decimal 55 signal path 232 is switched to the high state and the 
display device or the like, for example. signal on the signal path 230 is switched from the high 

The minus sign decimal display indicator 194 re- state to the low state in response to the fourth received 
ceives a signal via a signal path 206 and is constructed positive going transition of the signal pulse on the signal 
to display a visually perceivable output indication of a path 222; the signal on the signal path 232 is switched 
minus (—) sign when receiving a signal in the high state 6 0 from the high state to the low state in response to the 
on the signal path 206, thereby indicating the numerals fifth received positive going transition of the signal 
displayed via the remaining decimal display indicators pulse on the signal path 222; the signal on the signal 
196, 198, 200 and 202 represent a negative (—) count, path 234 is switched to the high state in response to the 
an absence of any visually perceivable output indica- sixth received positive going transition of the signal on 
tions via the minus sign decimal display indicator 194 65 the signal path 222; and the signal on the signal path 
(the conditionof the minus sign decimal display indica- 236 is switched to the high state and the signal on the 
tor 194 when receiving a signal in the low state on the signal path 234 is switched from the high state to the 
signal path 206) indicating numerals displayed via the low state in response to the seventh received positive 
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going transision of the signal pulse on the signal path 
222. It should be noted that the states of the signals on 
the signal paths 226, 228, 230, 232, 234 and 236 are 
not switched in response to the fifth received positive 
going transition of the signal pulse on the signal path 
222 since a signal path is not connected to the fifth 
decoder 224 output terminal as mentioned before. The 
state of the decoder 224 output signal paths 226, 228, 
230, 232, 234 and 236 is summarized in TABLE II 
below wherein the letter symbol H is utilized to desig-
nate a logical high state and the letter symbol L is uti-
lized to designate a logical low state. 

TABLE II 
D E C O D E R 2 2 4 O U T P U T S I G N A L S 

10 

Posit ive going 
t rans i t ions of 
the signal pu l se 
on the s ignal 
pa th 2 2 2 

Signal 
Path 
2 2 6 

Signal 
P a t h 
22H 

Signal 
Pa th 
2 3 0 

Signal 
P a t h 
2 3 2 

Signal 
P a t h 
234 

Signal 
P a t h 
2 3 6 

First H 1. 1. 1. L 1. 
S e c o n d L H 1. 1. L 1. 
T h i r d L 1. H L L L 
Four th I. L L H L L 
Fif th 1. L L. t . 1. L 
Sixth L L 1. L H I. 
Seven th L 1. I. I . I . H 
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tion, the period being substantially equal to thirty (30) 
seconds in this embodiment. Thus, approximately 
thirty (30) seconds after the starting time (/„), pulse 
having a second positive going transition appears on 
the signal path 222 and the decoder 224 switches the 
condition of the decodcr 224 output signal in response 
thereto, the signal on the signal path 226 being 
switched from the high state to the low state and the 
signal on the signal path 228 is switched from the low 
state to the high state. In the high state of the signal on 
the signal path 228, the second NOR gate 240 provides 
the enable signal in the low state on the signal path 78 

The decoder 224 output signals on the first four (4) 
signal paths 226, 228,230 and 232 are each connected 
to and received via a first NOR gate 238, and the de-
coder 224 output signals on the sixth and seventh signal 
paths 234 and 236 are each connected to and received 
via a second NOR gate 240, the second NOR gate 240 
also receiving decoder 224 output signals on the first 
and the second signal paths 226 and 228. The first 
NOR gate 238 is constructed to provide an output 
signal on a signal path 242 in the low state in response 
to receiving a signal in the "high" state on any of the 
signal paths 226, 228, 230 and 232. The second NOR 
gate 240 is constructed to provide an output signal in 
the low state on the signal path 78 in response to re-
ceiving a signal in the high state on any of the signal 
paths 226 ,228 ,234 and 236, the second NOR gate 240 
providing the enable signal on the signal path 78. 

The clock generator 212, the counter 216 and the 
inverter 220 cooperate to provide a positive going tran-
sition output signal on the signal path virtually instanta-
neously after the radiation activity indicator 14 is con-
ditioned in the on condition, thereby causing the de-
coder 224 output signal on the signal path 226 to be 
switched from the low to the high state. In the high 
state of the signal on the signal path 226, the second 
NOR gate 240 provides an output signal in the low state 
on the signal path 78 or, in other words, provides the 
enable signal in the low state on the signal path 78 for 
conditioning the beta detector 40 and the alpha detec-
tor 46 in the on condition at a time represented in FIG. 
2 via the symbol (to)- The signal on the signal path 222 
is a short duration pulse type of signal, as mentioned 
before, and thus the signal on the signal path 222 is 
switched from the high state to the low state within a 
relatively short period of time after the start time (f0); 
however, decoder 224 output signals are not changed 
in response to this negative going transition of the sig-
nal on the signal path 222. 

In one operational embodiment generally referred to 
before, the clock generator 212, the counter 216 and 
the inverter 220 cooperate to provide a signal on the 
signal path 222 having a periodic positive going transi-

for maintaining the beta dctector 40 and the alpha 
detector 46 conditioned in the on condition. 

Approximately thirty (30) seconds after the second 
positive going transition appeared on the signal path 
222, a signal having a third positive going transition 
appears on the signal path 222 and the dccoder 224 
switches the condition of the decoder 224 output signal 
in response thereto, the signal on the signal path 228 
being switched from the high state to the low state and 
the signal on the signal path 230 being switched from 
the low to the high state. In this condition, each of the 
signals on the signal paths 226, 228, 234 and 236 are in 
the low state and the second NOR gate 240 switches 
the enable signal on the signal path 78 to the high state. 
Thus, the enable signal provided via the second NOR 
gate 240 output signal is switched to the low state at a 
time (/0), remains in the low state for sixty (60) sec-
onds, and is switched to the high state at the end of the 
sixty (60) second period of time at a time (/,), this 
phase of the operation of the present invention consti-
tuting the background count period of time as illus-
trated in FIG. 2. 

Approximately thirty (30) seconds after the third 
positive going transition appeared on the signal path 
222 [ninety (90) seconds from time (/») j, a signal hav-
ing a fourth positive going transition appears on the 
signal path 222 and the decoder 224 switches the con-
dition of the decoder 224 output signal in response 
thereto, the signal on the signal path 230 being 
switched from the high to the low state and the signal 
on he signal path 232 being switched from the low to 
the high state. In this condition, each of the signals on 
the signal paths 226, 228, 234 and 236 are in the low 
state and the enable signal provided on the signal path 
78 via the second NOR gate 240 is in the high state. 

Approximately thirty (30) seconds after the fourth 
positive going transition appeared on the signal path 
222 [one hundred twenty (120) seconds from time 
(r0)], a signal having a fifth positive going transition 
appears on the signal path 222 and the decoder 224 
output signal on the signal path 232 is switched from 
the high state to the low state in response to the fifth 

35 

40 

45 

50 

55 

60 



3,988,587 
27 28 

positive going transition. The enable signal provided on the signal path 260 being switched from the high 
via the second NOR gate 240 remains in the high state. state to the low state in response to receiving a trigger 

Approximately thirty (30) seconds after the fifth signal in the high state on the signal path 248. the first 
positive going transition appeared on the signal path flip-flop circuit 250 also receives a reset signal via the 
222 [ one hundred fifty (150) seconds from time (t0) ], 5 signal path 86, and the first flip-flop circuit 250 is reset 
a signal having a sixth positive going transition appears or conditioned to provide an output signal in the low 
on the signal path 222 and the decoder 224 switches state on the signal path 258 and an output signal in the 
the condition of the dccoder 224 output signal re- high state on the signai path 260 in response to receiv-
sponse thereto, the signal on the signal path 234 being ing a reset signal in the high state on the signal path 86. 
switched from the low to the high state. In this condi- 10 The alpha counter assembly 82 carry out signal on the 
tion, the second NOR gate 240 receives the decoder signal path 106 is connected to and received via the 
224 output signal in the high state on the signal path first flip-flop circuit 250, and the first flip-flop circuit 
234 and provides the enable signal on the signal path 250 is reset or conditioned to provide an output signal 
78 in the low state at a time (r3) as shown in FIG. 2. in the low state on the signal path 258 and an output 

Approximately thirty (30) seconds after the sixth 15 signal in the high state on the signal path 260 in re-
positive going transition appeared on the signal path sponse to receiving the alpha counter assembly 82 
222 [one hundred eighty (180) seconds from time carry out signal in the high state on the signal path 106. 
(/«)], a signal having a seventh positive going transition The second flip-flop circuit 252 receives the trigger 
appears on the signal path 222 and the decoder 224 signal on the signal path 248 and provides two output 
switches thc condition of thc decoder 224 output signal 20 signals via a pair of signal paths 264 and 266. The signal 
in response thereto, the signal on the signal path 234 on the signal path 264 is in the low state and the signal 
being switched from thc high state to the low state and on the signal path 266 is in the high state in response to 
thc signal on the signal path 236 being switched from a received trigger signal in the low state on the signal 
the low state to the high state. In this condition, the path 248, the signal on the signal path 264 being 
second NOR gate 240 receives the decoder 224 output 25 switched from the low state to the high state and the 
signal in the high state on the signal path 236 and con- signal on the signal path 266 being switched from the 
tinues to provide the enable signal on thc signal path 78 high state to the low state in response to receiving a 
in thc low state. trigger signal in the high state on the signal path 248. 

Approximately thirty (30) seconds after the seventh The second flip-flop circuit 252 also receives a reset 
positive going transition appeared on the signal path 30 signal via the signal path 86, and the second flip-flop 
222 [ two hundred ten (210) seconds from time (/„) ], a circuit 252 is reset or conditioned to provide an output 
signal having an eighth positive going transition ap- signal in the low state on the signal path 264 and an 
pears on the signal path 222 and the decoder 224 output signal in the high state on the signal path 266 in 
switches the condition of the decoder 224 output signal response to receiving a reset signal in the high state on 
to provide a signal in the low state on each of the de- 35 the signal path 86. The beta counter assembly 162 
coder 224 output signal paths. Thus, the second NOR carry out signal on the signal path 182 is connected to 
gate 240 switches thc enable signal from the low state and received by the second flip-flop circuit 252, and 
to the high state in response to the received decoder the second flip-flop circuit 252 is reset or conditioned 
224 output signals in the low state on the signal paths to provide an output signal in the low state on the signal 
226, 228, 234 and 236, the enable signal remaining in 4 0 path 264 and an output signal in the high state on the 
the low state for sixty (60) seconds from a time (f3) to signal path 266 in response to receiving the beta 
a time (( ,) during thc radiation count period of time as counter assembly 162 carry out signal in the high state 
indicated in FIG. 2. on the signal path 182. 

The first NOR gate 238 output signal on the signal The NOR gate 254 receives the two input signals on 
path 242 is connected to and received via an inverter 4 5 the signal paths 258 and 248 and provides an output 
246, and the inverter 246 provides an output signal in signal on a signal path 268 in the low state in response 
the high state in response to receiving a signal in the to receiving a signal in the high state on either the 
low state on the signal path 242, the inverter 246 pro- signal path 258 or the signal path 248. The NOR gate 
viding an output signal in the low state in response to 254 output signal on the signal path 268 is connected to 
receiving a signal in thc high state on the signal path 5 0 and received by an inverter 270, and the inverter 270 
242. provides an output signal in the high state on the signal 

The inverter 246 output signal on the signal path 248 path 108 in response to receiving an input signal in the 
is connected to and received by a first flip-flop circuit low state on the signal path 268, the inverter 270 pro-
250, a second flip-flop cirucit 252, one of the inputs of viding an output signal in the low state on the signal 
a NOR gate 254 and one of the inputs of a NOR gate 55 path 108 in response to receiving an input signal in the 
256. The first and the second flip-flop circuits 250 and high state on the signal path 268. Thus, the NOR gate 
252 are similarly constructed and each is a two-stage 254 provides the up-down enable signal on the signal 
type of multivibrator circuit having two stable condi- path 108. 
tions. The NOR gate 256 receives the two input signals on 

The first flip-flop circuit 250 receives a signal on the 6 0 the signal paths 248 and 264 and provides an output 
signal path 248 (sometimes referred to herein as a signal on a signal path 272 in the low state in response 
"trigger" signal) and provides two output signals via a to receiving a signal in the high state on either the 
pair of signal paths 258 and 260. The signal on the signal path 264 or the signal path 248. The NOR gate 
signal path 258 is in the low state and the signal on the 256 output signal on the signal path 272 is connected to 
signal path 260 is in the high state in response to a 65 and received by an inverter 274, and the inverter 274 
received trigger signal in the low state on the signal provides an output signal in the high state on the signal 
path 248, the signal on the signal path 258 being path 184 in response to receiving an input signal in the 
switched from the low to the high state and the signal low state on the signal path 272, the inverter 274 pro-
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viding an output signal in the low state on the signal 
path 184 in response to receiving an input signal in the 
high state on the signal path 272. Thus, the NOR gate 
256 provides the up-down enable signal on the signal 
path 184. 

The first flip-flop circuit 250 output signal on the 
signal path 260 is connected to a first switch 276 and a 
resistor 278 is interposed in the signal path 260 be-
tween the first switch 276 and the first flip-flop circuit 
250. The first switch 276, more particularly, is a switch-
ing transistor (the first switch 276 being sometimes 
referred to herein as the first switching transistor 276) 
and the signal path 260 is connected to the base of the 
first switching transistor 276. The collector of the first 
switching transistor 276 is connectcd to a terminal 280, 
and the emitter of the first switching transistor 276 is 
connected to the minus sign decimal display indicator 
118 via the conductor 130, the minus sign decimal 
display indicator 118 providing an output perceivable 
indication of a minus (—) sign when receiving the first 
switch 276 output signal in the high state on the signal 
path 130. The terminal 280 is connected to an electri-
cal operating power supply and the first switching tran-
sistor 276 is conditioned in the off condition providing 
an output signal in the low state on the signal path 130 
in the low state of the first flip-flop circuit 250 output 
signal on the signal path 260, the first switching transis-
tor 276 being conditioned in the on or conducting 
condition providing an output signal in the high state 
on the signal path 130 in the high state of the first 
flip-flop circuit 250 output signal on the signal path 
260. 

The second flip-flop circuit 252 output signal on the 
signal path 266 is connected to a second switch 282 
and a resistor 284 is interposed in the signal path 266 
between the second switch 282 and the second flip-flop 
circuit 252. The second switch 282, more particularly, 
is a switching transistor (the second switch 282 being 
sometimes referred to herein as the "second switching 
transistor 282") and the signal path 266 is connected to 
the base of the second switching transistor 282. The 
collector of the second switching transistor 282 is con-
nected to a terminal 286, and the emitter of the second 
switching transistor 282 is connected to the minus sign 
decimal display indicator 184 via the conductor 206, 
the minus sign decimal display indicator 194 providing 
an output perceivable indication of a minus (—) sign 
when receiving the second switch 282 output signal in 
the high state on the signal path 206. The terminal 286 
is connected to an electrical operating power supply 
and the second switching transistor 282 is conditioned 
in the off condition providing an output signal in the 
low state on the signal path 206 in the low state of the 
second flip-flop circuit 252 output signal on the signal 
path 266, the second switching transistor 282 being 
conditioned in the on or conducting condition provid-
ing an output signal in the high state on the signal path 
206 in the high state of the second flip-flop circuit 252 
output signal on the signal path 266. 

The first and the second NOR gates 238 and 240, the 
inverter 246, the first and the second flip-flop circuits 
250 and 252, the NOR gates 254 and 256, the inverters 
270 and 274, and the first and the second switches 276 
and 282 each cooperate and comprise a portion of the 
sequence control 210. The sequence control 210 pro-
vides the output signals for controlling the operation in 
accordance with the method and the apparatus of the 
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present invention and in a manner to be described in 
greater detail below. 

The radiation activity indicator 14 also includes: an 
alpha-beta indicator lamp 290 providing a perceivable 
output indication in a lighted condition for indicating 
the alpha and the beta counter assemblies 82 and 162 
are each conditioned in the counting mode; a sample 
indicator lamp 292, having a lighted condition, provid-
ing a perceivable output indication in the lighted condi-
tion indicating the timing for the accumulation of the 
sample (the sample period of time); and a read indica-
tor lamp 294, having a lighted condition, providing a 
perceivable output indication in the lighted condition 
indicating a count of the detected alpha and beta activi-
ties is available for display on the alpha and the beta 
display indicators 90 and 166. More particularly, the 
indicator lamps 290, 292 and 294 are each light emit-
ting diodes, as schematically indicated in FIG. 3, and 
the indicator lamps 290, 292 and 294 each emit light 
when biased in the forward direction. 

The alpha-beta indicator lamp 290 is connectcd to 
ground via a signal path 296 and to a third switch 298 
via a signal path 300, the third switch 298 being a 
switching transistor and sometimes referred to herein 
as the "third switching transistor 298". The base of the 
third switching transistor 298 is connectcd to the signal 
path 78 and a resistor 320 as interposed in the signal 
path 78, generally between the third switching transis-
tor 298 and the second NOR gate 240. The emitter of 
the third switching transistor 298 is connected to the 
signal path 132, and the signal path 132 is connected to 
a terminal 304 which is connected to an electrical oper-
ating power supply 305, the collector of the third 
switching transistor 298 being connected to the alpha-
beta indicator lamp 290 via the signal path 300. The 
third switching transistor 298 is conditioned in the on 
or conducting condition in the low state of the signal on 
the signal path 78, and the third switching transistor 
298 is conditioned in the off or non-conducting condi-
tion in the high state of the signal on the signal path 78. 
In the on condition of the third switching transistor 
298, the alpha-beta indicator lamp 290 is forward bi-
ased and conditioned in the lighted condition. 

The sample indicator lamp 292 is connected to the 
signal path 132 via a signal path 306 and to a fourth 
switch 308 via a signal path 310, the fourth switch 308 
being a switching transistor and sometimes referred to 
herein as a fourth switching transistor 308. A resistor 
312 is interposed in the signal path 310 between the 
fourth switching transistor 308 and the sample indica-
tor lamp 292. The base of the fourth switching transis-
tor 308 is connected to the signal path 248 and a resis-
tor 314 is interposed in the signal path 248, generally 
between the base of the fourth switching transistor 308 
and the inverter 246, the emitter of the fourth switch-
ing transistor 308 being connected to ground via a 
signal path 316. The fourth switching transistor 308 is 
conditioned in the off or non-conducting condition in 
the low state of the signal on the signal path 248 and 
the fourth switching transistor 308 is conditioned in the 
on or conducting condition in the high state of the 
signal on the signal path 248. The sample indicator 
lamp 292 is forward biased and conditioned in the 
lighted condition in the on condition of the fourth 
switching transistor 308. 

The read indicator lamp 294 is connected to the 
conductor 208 and to a fifth switch 318, the fifth switch 
318 being a switching transistor and sometimes re-
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ferred to herein as the "fifth switching transistor". The 
signal path 208 is connected to a terminal 320 which is 
connected to the elcctrical operating power supply 
305. More particularly, thc read indicator lamp 294 is 
connected to the collector of thc fifth switching transis- 5 
tor 318 via a signal path 322 and thc emitter of the fifth 
switching transistor 318 is connected to ground via a 
signal path 324, the base of thc fifth switching transis-
tor 318 being connected to the signal path 78 between 
the fifth switching transistor 318 and thc NOR gate 10 

240. A resistor 326 is interposed in the conductor 322 
between the read indicator lamp 294 and the fifth 
switching transistor 318, and a resistor 328 is inter-
posed in the signal path 78, generally between the fifth 
switching transistor 318 and the NOR gate 240. The '5 
fifth switching transistor 318 is conditioned in the on or 
conducting condition in the high state of thc signal on 
the signal path 78, and the fifth switching transistor 318 
is conditioned in the off or non-conducting state in the 
low state of the signal on the signal path 78, the read 20 
indicator lamp 294 being forward biased and condi-
tioned in the lighted condition in the on condition of 
the fifth switching transistor 318. 

The sequence control 210 also includes a reset signal 
generator 330 which may constitute an elcctrical opcr- 25 
ating power source, for example, the reset signal gener-
ator 330 providing the reset signal on thc signal path 
86. A push-button type of switch 332 is interposed in 
the signal path 86. In thc opened position of the switch 
332, electrical continuity is interrupted between the 30 
reset signal generator 330 and the signal path 86, and 
the reset signal on the signal path 86 is in the low state. 
In the closed position of thc switch 332, electrical con-
tinuity is established between the reset signal generator 
330 and thc signal path 86, and the reset signal on the 35 
signal path 86 is in the high state. 

A resistor 334 is interposed in the signal path 132, 
generally between the decimal display indicator 122 
and the electrical operating power supply 305. A resis-
tor 336 is interposed in the signal path 208, between 4 0 

thc decimal display indicator 198 and the electrical 
operating power supply 305. 

The alpha-beta indicator lamp 290, the sample indi-
cator lamp 292 and thc read indicator lamp 294 com-
prise a portion of the output indicator 50, and the se- 4 5 

quence control 210 also comprises a portion of the 
output indicator 50 in the embodiment of the radiation 
activity indicator 14 shown in FIG. 3. The alpha and 
the beta counter assemblies 82 and 162, and the alpha 
and beta display indicators 90 and 166 also comprise a 5 0 

portion of the output indicator 50. 
The electrical operating power supply 305 is con-

nected to the terminals 304 and 320 via a signal path 
338 and an on-off switch 340 is interposed in the signal 
path 338, the electrical operating power supply 305 5 5 

also being connected to the terminals 280 and 286. In 
the closed position of the switch 340, the electrical 
operating power supply 305 is connected to the termi-
nals 280 ,286 ,304 and 320 and to the various electrical 
components and assemblies of the radiation activity 60 
indicator 14 (all of the connections between the elec-
trical operating power supply 305 and the various elec-
trical components and assemblies are not shown for the 
purpose of clarity) and the radiation activity indicator 
14 is conditioned in the on or operating condition. In 6 5 

the opened position of the switch 340, the electrical 
operating power supply 305 is disconnected (electrical 
continuity is interrupted) and the radiation activity 
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indicator 14 is conditioned in the off, non-operating 
condition. It should be noted that the various electrical 
components and assemblies of the radiation activity 
indicator 14 generally require an electrical operating 
power supply having a direct current potential of ap-
proximately nine (9) to ten (10) volts; however, the 
radiation detectors 52 and 134 required a relatively 
higher direct current potential of approximately seven 
hundred (700) volts, for example, in one operational 
embodiment for operating a photomultiplier tube type 
of radiation detector and, in this embodiment, a high 
voltage type of electrical operating power supply is 
incorporated within the electrical operating power 
supply 305 for operating the radiation detectors 52 and 
134. 

The radiation activity indicator 14 shown in FIG. 3 is 
constructed for operation in accordance with the pre-
sent invention and the timing of the operation of the 
present invention is diagrammatically shown in FIG. 2, 
as described before. After the sample collector 12 has 
been properly positioned for collecting the sample, the 
radiation activity indicator 14 is conditioned in the on 
condition by closing the switch 340, thereby connect-
ing the electrical operating power supply 305 to the 
various electrical components and assemblies of the 
radiation activity detector 14. The reset switch 332 is 
then depressed thereby providing the reset signal on 
the signal path 86 in the high state for initiating the 
start of the operation of the present invention at a time 
designated by the symbol (f0) in FIG. 2. 

The enable signal on the signal path 78 is switched to 
the low state at the time (/<>), thereby conditioning the 
pulse rate multipliers 62 and 144 in the on conditions. 
In the low state of the enable signal on the signal path 
78, the alpha detector 46 provides the output signal on 
the signal path 66 and the beta detector 40 provides the 
output signal on the signal path 148. 

Tlic first NOR gate 238 output signal on the signal 
path 242 is in the low state at the time (t0) and the 
inverter 246 output signal on the signal path 248 (the 
trigger signal) is in the high state. Assuming the reset 
switch 332 has been depressed or closed, the first flip-
flop circuit 250 is conditioned to provide the output 
signal on the signal path 258 in the low state and the 
output signal on the signal path 260 is in the high state, 
the carry out signals; on the signal paths 106 and 182 
each being in the low state. The NOR gate 254 output 
signal on the signal path 268 is in the low state since the 
signal on the signal path 248 is in the high state and 
thus the inverter 270 output signal on the signal path 
108 (the up-down enable signal) is in the high state, 
thereby conditioning the alpha counter assembly 82 in 
the count-up mode. Since the first flip-flop circuit 250 
output signal on the signal path 260 is in the high state 
at time (r0), the first switch 276 is conditioned in the 
conducting condition, thereby providing an output 
signal on the signal path 130 in the high state for condi-
tioning the minus sign decimal display indicator 118 for 
displaying the minus (—) sign. At time (f») the alpha 
counter assembly 82 is conditioned in the count-up 
mode and the minus sign is displayed via the minus sign 
decimal display indicator 118, the alpha counter as-
sembly 82 counting the alpha detector 46 output signal 
pulses on the signal path 66 for display via the decimal 
display indicators 120,122,124 and 126 and the minus 
sign displayed via the minus sign decimal display indi-
cator 118 indicating the count displayed via the deci-
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15 

mal display indicators 120, 122, 124 and 126 repre-
sents a negative (—) count. 

In the above-described condition at time (/<>), the 
second flip-flop circuit 252 provides an output signal 
on the signal path 264 in the low state and an output 
signal on the signal path 266 in the high state. The NOR 
gate 256 provides an output signal in the low state on 
the signal path 272 in response to the received signal on 
the signal path 248 in the high state, the inverter 274 
output signal on the signal path 184 (up-down enable 
signal) being in the high state. In the high state of the 
up-down enable signal on the signal path 184, the beta 
counter assembly 162 is conditioned in the count-up 
mode. The sccond flip-flop circuit 252 output signal on 
the signal path 266 is in the high state thereby condi-
tioning the second switch 282 in the conducting condi-
tion. In the conducting condition of the second switch 
282, the signal on the signal path 206 is in the high state 
and the minus sign decimal display indicator 194 dis-
plays the minus (—) sign. Thus, at time (/„) the beta 2 0 

counter assembly 162 is conditioned in the count-up 
mode and the minus (—) sign is displayed via the minus 
sign decimal display indicator 194, the beta counter 
assembly 162 counting the output signal pulses on the 
signal pulses on the signal path 148 for display via the 2 5 

decimal display indicators 196, 198, 200 and 202 and 
the minus sign displayed via the decimal display indica-
tor 194 indicating the count displayed via the decimal 
display indicators 196, 198, 200 and 202 represents a 
negative (—) count. 

At the time (<0). the enable signal on the signal path 
78 is in the low state and thus, the third switch 298 is 
conditioned in the conducting condition, thereby con-
ditioning the alpha-beta lamp indicator 290 in the 
lighted condition for indicating the alpha and the beta 
counter assemblies 82 and 162 are each conditioned in 
the counting mode. The sample indicator lamp 292 is 
conditioned in the lighted condition since a high signal 
on the signal path 248 is connected to the fourth switch 
308 for conditioning the fourth switch 308 in the con-
ducting condition, the lighted sample lamp indicator 
292 providing a perceivable output indication indicat-
ing that the sample collector 12 is collecting the sam-
ple. The enable signal in the low state is connected to 
the fifth switch 318 for conditioning the fifth switch 
318 in the off or non-conducting condition, thereby 
conditioning the read indicator lamp 294 in the off 
condition. 

When the switch 340 is closed, the electrical operat-
ing power supply 305 is connected to a portion of the 
decimal display indicator 122 and to a portion of the 
decimal display indicator 198. Thus, the decimal dis-
play indicators 122 and 198 continue to display a deci-
mal point (.) during the operation of the radiation 
activity indicator 14 from the start time (/<,) until the 
switch 340 is opened to condition the radiation activity 
indicator 14 in the off condition. 

The condition of the radiation activity indicator 14, 
after depressing the reset switch 332 and at a time (f0). 
is summamed in TABLE III, below. 

TABLE III 
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6. The alpha coun te r assembly 82 C O U N T - U P M O D E 
7. The up-down enable signal on 

the signal path 184 HIGH 
8. The beta coun te r assembly 1 62 C O U N T - U P M O D E 
9. The signal on the signal path 

130 connec ted to the minus sign 
dcc imal display indicator 1 IX HIGH 

10. The signal on the signal path 
206 c o n n e c t e d too the minus sign 
decimal display indicator 194 HIGH 

11. The reset signal on the signal 
path 86 l .OW 

12. The carry out signal on the 
signal path 106 LOW 

13. The carry out signal on the 
signal path 182 LOW 

14. The alpha-beta indicator 
lamp 298 L I G H T E D 

15 The sample indicator l amp 292 L I G H T E D 
16. The read indicator lamp 318 O F F 
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The radiation activity indicator 14 remains in the 
condition summarized in TABLE III above from the 
time Uo) to the time (f,). At the time (/,), the alpha and 
beta detectors 46 and 40 are each conditioned in the 
off condition and the read indicator lamp 294 is condi-
tioned in the lighted condition, thereby providing a 
perceivable output indication indicating that a count is 
available for display via the alpha and the beta display 
indicators 90 and 166. At the time (/,), the radiation 
activity indicator 14 is conditioned as summarized in 
TABLE IV, below. 

TABLE IV 
1. The enable signal on the signal 

path 78 HIGH 
2. The trigger signal on the 

signal path 248 HIGH 
3. The alpha dctcctor 46 OFF 
4. The beta detector 40 OFF 
5. The up-down enable signal on 

the signal path 108 HIGH 
6. The alpha counter assembly 82 COUNT-UP MODF. 
7. The up-down enable signal on 

the signal path 184 HIGH 
8. The beta counter assembly 162 COUNT-UP MODE 
9. The signal on the signal path 

130 connccted to the minus sign 
decimal display indicator 118 HIGH 

10. The signal on the signal path 
206 connectcd to the minus sign 
decimal display indicator 194 HIGH 

II. The reset signal on the signal 
path 8 6 LOW 

12. The carry out signal on the 
signal path 106 LOW 

13. The carry out signal on the 
signal path 182 LOW 

14. The alpha-beta indicator 
lamp 298 OFF 

15. The sample indicator lamp 292 LIGHTED 
16. The read indicator lamp 318 ON 

1. The enable signal on the signal 
path 78 LOW 

2. The trigger signal o n the 
signal path 248 HIGH 

3. The alpha detector 46 ON 
4. The beta detector 4 0 ON . 
5. The up-down enable signal o n 

the signal path 108 HIGH 
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The radiation activity indicator 14 remains in the 
condition summarized in TABLE IV, above, from the 
time (f,) to the time (/,). At the time (/2), the sample 
indicator lamp 292 is switched from the lighted condi-
tion to the off condition, thereby providing a perceiv-
able output indication indicating the termination of the 
sample period of time [from time (t0 ) to time (f2)l and 
indicating the start of the transfer period of time, the 
condition of the radiation activity indicator 14 at the 
time ( f j ) being summarized in TABLE V, below. 

TABLE V 
1. The enable signal o n the signal 

path 78 HIGH 
2. The trigger signal on the 

signal path 248 LOW 
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3. Thc alpha de tec to r 46 O F F 
4. T h c beta de t ec to r 40 O F F 
5. Thc up-down enable signal on 

thc signal path 10K l .OW 
6. Thc alpha coun te r assembly 82 C O U N T - D O W N MODK 
7 The up-down cnahlc signal on 

the signal palh 1X4 l .OW 
X. Thc beta coun te r assembly I ti2 C O U N T - D O W N MODfc 
4. The signal on thc signal path 

130 connec ted to thc minus sign 
decimal display indicator 1 IX HIGH 

10. Thc .signal on thc signal pa th 
206 conncc tcd to the minus sign 
dccimal display indicator 1 HIGH 

1 1. T h c reset signal on the signal 
path X6 l .OW 

12. The carry out signal on thc 
signal path 106 l .OW 

13. Thc carry out signal on the 
signal path 1X2 l .OW 

14. Thc a lpha-beta indicator 
lamp 2<JX O F F 

15. The sample indicator lamp 2<)2 O F F 
16. T h c read indicator lamp 3 1X L I G H T E D 

to 

15 
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The radiation activity indicator 14 remains in the 
condition summarized in TABLE V, above, from the 
time (/;.) to the time (/-i). At thc time (/:1), thc alpha and 
the beta dctcctors 46 and 40 are each conditioned in 
the on condition, and thc alpha'and thc beta countcr 
assemblies 82 and 162 are each initially conditioned in 
the count-down mode. The beginning of the transfer 
period of time at the time ( / j ) is indicated via the condi-
tioning of the sample indicator lamp 292 in the off 3 0 

condition, and the termination of the transfer period of 
time at thc time (t3) is indicated via the conditioning of 
the alpha-beta indicator lamp 298 in the lighted condi-
tion. It should be noted that a separate indicator lamp 
can be incorporated for more specifically indicating the 
initiation and thc termination of the transfer period of 
time at the times (/ j) and (f3), respectively, if desired in 
a particular application. The condition of thc radiation 
activity indicator 14 at the time (/3) being summarized 
in TABLE VI, below. 

TABLE VI 
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1. The enable signal on the signal 
path 7X LOW 

2. Thc trigger signal on thc 
signal palh 248 LOW 

3. The alpha dtitcctor 46 ON 
4. The beta detector 40 ON 
5. The up-down enable signal o n 

the signal path I0X LOW 
6. The alpha countcr assembly X2 C O U N T - D O W N MODE 
7. Thc up-down enable signal o n 

the signal path 1X4 l .OW 
X. Thc beta counter assembly 162 C O U N T - D O W N MODK 
9. Thc signal on the signal path 

130 connected to the minus sign 
decimal display indicator 11X HIGH 

10. Thc signal o n the signal path 
2 0 6 connected to thc minus sign 
decimal display indicator 194 HIGH 

1 1. The reset signal on the signal 
path 8 6 1-OW 

12. Thc carry out signal on thc 
signal path 106 LOW 

13. The carry out signal on the 
signal path 1X2 l .OW 

14. Thc alpha-bcut indicator 
lamp 298 LIGHTED 

15. Thc sample indicator lamp 292 OFF 
16. Thc read indicator lamp 318 OFF 
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The alpha and the beta counter assemblies 82 and 6 5 

162 are each conditioned in the count-down mode at 
the time (l3) [the beginning of the radiation count 
period of time]. Thus, the count accumulated on the 

alpha and the beta counter assemblies 82 and 162 dur-
ing the background count period of time from the time 
(fo) to the time (r3) initially is counted down via the 
alpha and the beta countcr assemblies 82 and 162. 
When the count on the alpha counter assembly 82 is 
counted down to zero (0) [i.e. the count on each of the 
up-down counters 92, 94, 96 and 98 is zero (0)], the 
alpha counter assembly 82 produces a carry out signal 
in the high state on the signal path 106, and the first 
flip-flop circuit 250 is reset in response to the received 
carry out signal in the high state on the signal path 106, 
thereby switching the up-down enable signal on the 
signal path 108 from the low state to the high state for 
conditioning the alpha counter assembly 82 in the 
count-up mode. By the same token, when the count on 
thc beta counter assembly 162 is counted down to zero 
(0) [i.e. the count on each of the up-down counters 
168, 170, 172 and 174), the beta counter assembly 162 
produces a carry out signal in the high state on the 
signal path 182, and the second flip-flop circuit 252 is 
reset in response to the received carry out signal in the 
high state on the signal path 182, thereby switching the 
up-down enable signal on the signal path 184 from the 
low state to the high state for conditioning the beta 
counter assembly 162 in the count-up mode. The con-
ditioning of the alpha and the beta counter assemblies 
82 and 162 in the count-up and the count-down modes 
operates so the background radiation counted during 
the background count period of time (including the 
contamination radiation since the alpha detector 46 
also is in the on condition during both the background 
count period of time and the radiation count period of 
time) is subtracted from the count during the radiation 
count period of time. Thus, the numbers displayed via 
the alpha display indicator 90 represent the alpha parti-
cle activity detected via the alpha detector 46 and 
counted via the alpha counter assembly 82 during the 
radiation count period of time [from theHime (r3) to 
the time (r4)l less the alpha particle activity detected 
via the alpha detector 46 and counted via the alpha 
counter assembly 82 during the background count 
period of time [from the time (r„) to the time (r,)]. The 
numbers displayed via the beta display indicator 166 
represent thc beta particle activity and the gamma ray 
radiation detected via the beta detector 40 and counted 
via the beta counter assembly 162 during the radiation 
count period of time [from the time (t3) to the time 
(/.,)) less the beta particle activity and the gamma ray 
radiation detected via the beta detector 40 and counted 
via the beta counter assembly 162 during the back-
ground count period of time [from the time (tu) to the 
time (/i)J. After the time (/«), the sum of the alpha 
particle activity displayed via the alpha display indica-
tor 90 and the beta particle activity displayed via the 
beta display indicator 166 provides the working level 
(WL) of the air at the test site, and the other parame-
ters contemplated via the present invention are derived 
from the displayed alpha particle and beta particle 
activities in a manner described before. 

In one operational embodiment of the present inven-
tion, a radiation activity indicator constructed utilizing 
the components described in TABLE VII, below, has 
been found to provide satisfactory results, the radiation 
activity indicator being constructed and operated in 
accordance with the description of the radiation activ-
ity indicator 14 (in TABLE VII, Motorola Semiconduc-
tor Products, Inc. of Phoenix, Arizona, is designated 
simply as "Motorola," Precision Monolithics of Santa 
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Clara, California, is designated simply as "Precision," 
and Hewlett Packard of Palo Alto, California, is desig-
nated simply as "HEWLETT"). 

TABLE VH 

38 

Part Number 
Manufacturer Designation 

1. Amplifier 54 or 152 Motorola MC I552G 
2. Pulse height discrimi-

nator 56 or 1 38 Precision CMP 01 CJ 
3. Pulse shaper 58 or 140 Motorola MC 14528CP 
4. Counter 60 or 142 Motorola MC I4017CP 
5. Pulse rate multiplier MC 14527CP 

62 or 144 Motorola (two utilized) 
6. Counters 92. 94. 96. 

98. 168, 170. 172 or 
174 Motorola MC-1451 OCR 

7. BCD to 7-segmenl con-
verters I 10, 112. 114, 
1 16, 186. 188. 190 or 
192 Motorola MC I4SI ICP 

8. Decimal display indicators 
118. 120. 122, 124. 126. 
194, 196, 198, 200 or 202 Hewlett HP 5082-7740 

9. Indicator lamps 290. 
292 or 294 Hewlett HP 5082-4480 

10. Clock generator 212 Motorola 
11. Counter 216 Motorola MC 14024CP 
12. Inverter 220 Motorola MC 1400 ICP 
13. Dccoder 224 Motorola MC 14017CP 
14. NOR gate 238 Motorola MC I4002CP 
15. NOR gate 240 Motorola MC 14002CP 
16. Inverter 246 Motorola MC 14001 CP 
17. Flip-flop circuits 

250 or 252 Motorola MC 14027CP 
18. NOR gates 254 or 256 Motorola MC 1400 ICP 
19. Inverters 270 or 274 Motorola MC 1400 ICP 
20. Transistors 276, 282. 

308 or 3 18 2N3904 
21. Transistor 298 2N3906 
22. Resistors 278, 284, 

302 or 328 20 kilohms 
23. Resistors 302. 328. 

334 or 336 638 ohms 

10 

15 

20 

25 

30 
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Embodiment of FIGS. 4, 5 and 6 
As shown in FIGS. 4, 5 and 6, the radiation activity 

indicator 14 also includes a housing 400 having an 
upper end 402, a lower end 404, opposite ends 406 and 40 
408, and opposite sides 410 and 412. The housing 400 
encloses an open space 414 shaped to accommodate 
and contain the various components and assemblies of 
the radiation activity indicator 14 within a relatively 
small compact space (the open space 414), thereby 45 
providing a radiation activity indicator 14 which is 
portable and can be transported to various remote test 
sites or locations in a convenient manner, thereby facil-
itating the convenient utilization of the apparatus of the 
present invention in practicing the method of the pre- 50 
sent invention. The housing 400 comprises a cover 416 
and a base 418, and the housing 400 can be con-
structed of such materials as materials including an 
aluminum or an aluminum alloy, for example. 

The base 418 is generally rectangularly shaped hav- 55 
ing a closed end forming the lower end 404 of the 
housing 400 and an open end 420. The base 418 en-
closes a portion of the open space 414, and most of the 
various components and assemblies of the radiation 
activity indicator 14 are insertable as a unit through the 60 
open end 420 of the base 418 to facilitate the construc-
tion, assembly, disassembly, repair and re-assembly of 
the radiation activity indicator 14. 

The cover 416 is generally rectangularly shaped and 
has an upper surface 422 and a lower surface 424. A 65 
flange 426 is formed on the lower surface 424 of the 
cover 416, generally near the outer periphery of the 
cover 416, the flange 426 extending a distance from the 

lower surface 424 and terminating with an outermost 
end 428. The flange 426 extends peripherally about the 
cover 416. A recess 430 is formed in the outermost end 
428 of the flange 426 and the recess 430 extends pe-
ripherally about the entire fiange 426. The recess 430 is 
shaped and disposed to receive a portion of the base 
418 generally adjacent and near the open end 420. An 
annular seal member 431 is partially disposed in the 
recess 430 and the seal member 431 sealingly engages 
the cover 416 and an adjacent portion of the base 418, 
generally near the open end 420. 

A sample slot 432 is formed through the cover 416 
intersecting the upper and the lower surfaces 422 and 
424 and disposed generally in the mid-portion of the 
cover 416. A key slot 433 is formed in the cover 416 
generally adjacent and intersecting the sample slot 432. 
The sample slot 432 is shaped to slidingly receive a 
sample holder 434 in a manner to be described in 
greater detail below. 

A pair of spaced window openings 436 and 438 are 
formed through the cover 416 intersecting the upper 
and the lower surfaces 422 and 424, the window open-
ing 436 being disposed on one side of the sample slot 
432 and the window opening 438 being disposed on the 
opposite side of the sample slot 432. A transparent 
display window 440 constructed of a material such as 
red lucite or the like, for example, is disposed adjacent 
the lower surface 424 and oriented such that the dis-
play window 440 encompasses the window opening 
436, the display window 440 being secured in this posi-
tion via a pair of fasteners 444 and 446. A transparent 
display window 450 constructed of a material such as 
red lucite or the like, for example, is disposed adjacent 
the lower surface 424 and oriented such that the dis-
play window 450 encompasses the window opening 
438, the display window 450 being secured in this posi-
tion via a pair of fasteners 452 and 454. The decimal 
display indicators 118, 120, 122, 124 and 126 of the 
alpha display indicator 90 are disposed generally adja-
cent the lower surface 424 of the cover 416 and be-
neath the display window 440 so the numbers in the 
decimal system of notation illuminated and displayed 
via the decimal display indicators 118, 120, 122, 124 
and 126 are visually perceivable through the display 
window 440, the number "7.26" being shown displayed 
through the display window 440 in FIG. 4, for example 
[the decimal display indicator 118 also displaying the 
minus (—) sign during some aspects of the operation of 
the radiation activity indicator 14 as described before]. 
The decimal display indicators 194,196, 198, 200 and 
202 of the beta display indicator 166 are disposed gen-
erally adjacent the lower surface 424 of the cover 416 
and beneath the display window 450 so the numbers in 
the decimal system of notation illuminated and dis-
played via the decimal display indicators 194, 196,198, 
200 and 202 are visually perceivable through the dis-
play window 450, the number "13.47" being shown 
displayed through the display window 450 in FIG. 4, for 
example [the decimal display indicator 194 displaying 
the minus (—) sign during some aspects of the opera-
tion of the radiation activity indicator 14 as described 
before]. The alpha-beta lamp indicator 290, the sample 
indicator lamp 292 and the read indicator lamp 294 are 
supportingly connected to the cover 416 so as to be 
visually perceivable as shown in FIG. 4. The on-off 
switch 340 and the reset switch 332 are each support-
ingly connected to the cover 416 and a portion of each 
switch 340 and 332 is disposed through the cover 416 
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so a manually actuatable portion of each of the 
switches 340 and 342 is acccssible for manual actua-
tion during the operation of the radiation activity indi-
cator 14. 

A shield 460 is disposed in the open space 414 of the 
housing 400 and a pair of fasteners 462 and 466 are 
disposed through openings in the cover 416, a portion 
of each fastener 462 and 466 being threadedly disposed 
through a portion of the shield 460. The shield 460 is 
constructed of a material suitable for shielding radia-
tion such as a cadmium plated mild steel, for example. 

A ring-shaped sleeve 468 is disposed about thc fas-
tener 462. One end of the sleeve 468 engages the lower 
surfacc 424 of the cover 416 and the opposite end of 
the sleeve 468 engages the shield 460, thc sleeve 468 
spacing the shield 460 a distance from the cover 416. A 
ring-shaped sleeve 470 is disposed about thc fastener 
466. One end of the sleeve 470 engages the lower sur-
face 424 of the cover 416 and thc opposite end of the 
sleeve 470 engages thc shield 460, the sleeve 470 spac-
ing the shield 460 a distance from thc cover 416. Thus, 
thc fasteners 462 and 466 and the sleeves 468 and 470 
cooperate to support the shield 460 in an assembled 
position conncctcd to and spaced a distance from the 
cover 416. 

A flange 472 is formed on the cover 416 extending a 
distance from the lower surfacc 424 and terminating 
with an outermost end 474. A recess 476 is formed in 
the outermost end 474 and an elastomeric, O-ring type 
of seal member 478 is partially disposed in the recess 
476. In an assembled position of the shield 460, the 
outer peripheral surface of the shield 460 engages the 
outermost end 474 of thc flange 472 and the seal mem-
ber 478 scalingly engages the outer peripheral surface 
of the shield 460, the seal member 478 forming a seal 
between the sample slot 432 and the open space 414 in 
the housing 400. 

A sample slot 480 is formed through a portion of the 
shield 460, the sample slot 480 intersecting the outer 
peripheral surface of the shield 460 and extending a 
distance through the shield 460 terminating with a stop 
surface 481. In the assembled position of the shield 460 
connected to the cover 416, the sample slot 480 in the 
shield 460 is substantially aligned with the sample slot 
432 in the cover 416 and the sample slots 432 and 480 
are each shaped to slidingly receive the sample holder 
434. 

The shield 460 has opposite ends 482 and 484, a first 
opening 486 formed through the end 482 of the shield 
460 and extends a distance axially therethrough termi-
nating with an end wall 488. A second opening 490 is 
formed through the end 484 of the shield and extends 
a distance axially therethrough terminating with an end 
wall 492, the first opening 486 being axially aligned 
with the second opening 490. A bore 494 is formed 
through the end 482 and extends a distance axially 
through the shield 460. The bore 494 has a diameter 
larger than the diameter of the first opening 486, and 
the bore 494 is axially aligned with and intersects a 
portion of the first opening 486. A bore 496 is formed 
through the end 484 and extends a distance axially 
through the shield 460. The bore 496 has a diameter 
larger than the diameter of the second opening 490, 
and the bore 496 is axially aligned with and intersects a 
portion of the second opening 490. The first opening 
486 is sized and shaped to slidingly receive a portion of 
the radiation detector 134 and the second opening 490 
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is sized and shaped to slidingly receive a portion of the 
radiation detector 52. 

The*radiation detcctor 134 includes a generally cylin-
drically shaped tube housing 498 having opposite ends 

5 500 and 502. A portion of the tube housing 498, gener-
ally near the end 500 thereof, has a diameter smaller 
than the diameter of thc remaining portion of the tube 
housing 498, thereby forming a wall 504 extending 
annularly about the outer peripheral surface of the tube 

1 0 housing 498 and disposed generally between the ends 
500 and 502 of the tube housing 498. The tube housing 
498 protectively encloses a photomultiplier tube (not 
shown) and a beta scintillator 506 is secured to the end 
502 of the tube housing 498, the scintillator 506 being 

15 constructed of a material which emits optical photons 
in response to radiation or, more particularly, in re-
sponse to beta particle radiation. The photomultiplier 
converts the relatively short flashes of light produced as 
the beta particles pass through the beta scintillator 506 

2 0 into an electrical signal representing the beta particle 
activity detected via the radiation detector 134, 
thereby producing the radiation detector 134 output 
signal on the signal path 150, as shown in FIG. 3, in a 
manner described before. 

2 5 The radiation detector 52 includes a generally cylin-
drically shaped tube housing 508 having opposite ends 
510 and 512. A portion of the tube housing 508, gener-
ally near the end 510 thereof, has a diameter smaller 
than the diameter of the remaining portion of the tube 

3 0 housing 508, thereby forming a wall 514 extending 
annularly about the outer peripheral surface of the tube 
housing 508 and disposed generally between the ends 
510 and 512 of the tube housing 508. The tube housing 
508 protectively encloses a photomultiplier tube (not 

3 5 shown) and an alpha scintillator 516 is secured to the 
end 512 of the tube housing 508, the alpha scintillator 
516 being constructed of a material which emits optical 
photons in response to radiation or, more particularly, 
in response to alpha particle radiation. The photomulti-

4 0 plier tube converts the relatively short flashes of light 
produced as the alpha particles pass through the alpha 
scintillator 516 into an electrical signal representing 
the alpha particle activity detected via the radiation 
detector 52, thereby producing the radiation detector 

4 5 52 output signal on the signal path 68, as shown in FIG. 
3, in a manner described before. 

A control opening 518 is formed through the wall 
488 in the shield 460, and thc control opening 518 
extends axially through a portion of the shield 460 

50 intersecting the wall 488 and the sample slot 480. As 
shown more clearly in FIG. 6, the control opening 518 
is formed on an angle 520, thereby providing an open-
ing generally adjacent the sample slot 480 having a 
diameter 522 and an opening intersecting the wall 488 

5 5 having a diameter 524, the diameter 522 being smaller 
than the diameter 524. 

A control opening 526 is formed through the wall 
492 in the shield 460, and the control opening 526 
extends axially through a portion of the shield 460 

6 0 intersecting the wall 492 and the sample slot 480. As 
shown more clearly in FIG. 6, the control opening 526 
is formed on an angle 528, thereby providing an open-
ing generally adjacent the sample slot 480 having a 
diameter 530 and an opening intersecting the wall 488 

6 5 having a diameter 532, the diameter 530 being smaller 
than the diameter 532. 

The sample holder 434 includes a generally rectangu-
larly shaped first plate 534, having a first face 536 and 
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a second face 538. An opening 540 is formed through 
the first plate 534, the opening 540 intersecting the first 
and the second faces 436 and 438. 

The sample holder 434 also includes a second plate 
542, having a first face 544 and a second face 546. An 5 

opening 548 is formed through the second plate 542, 
the opening 548 intersecting the first and the second 
faces 544 and 546. A recess 550 is formed in the sec-
ond face 546 of the second plate 542 and the recess 
550 is disposed generally adjacent and intersects a 
portion of the opening 548. 

One end of the first plate 534 is hingedly connected 
to one end of the second plate 542 via a hinge pin 552. 
In an assembled position of the first and the second 
plates 534 and 542, the second face 538 of the first 15 

plate 534 faces the second face 546 of the second plate 
542, and the openings 540 and 548 are substantially 
aligned. 

The first and the second plates 534 and 542 of the 
sample holder 434 are movable about the hinge pin 552 20 
connection to one position wherein the second faces 
538 and 546 of the first and the second plates, respec-
tively, are spaced a distance apart for accommodating 
the insertion of the sample filter 30 generally between 
the second faces 538 and 546. More particularly, the 2 5 

sample filter 30 is inserted between the first and the 
second plates 534 and 542 and disposed generally 
within the recess 540 formed in the second plate 542, 
the sample filter 30 being shaped and oriented to ex-
tend over the opening 548. After the sample filter 30 3 0 

has been disposed in the recess 550 of the second plate 
542, the first and the second plates 534 and 542 are 
moved about the hinge pin 552 connection therebe-
tween to a position (sometimes referred to herein as a 
"closed position") wherein the second face 538 of the 3 5 

first plate 534 is disposed generally adjacent and abuts 
the second face 546 of the second plate 542, the open-
ings 540 and 548 being substantially aligned in this 
position of the first and the second plates 534 and 542. 
In the closed position of the first and the second plates 4 0 

534 and 542, a portion of the sample filter 30 is dis-
posed generally adjacent the second face 538 of the 
first plate 534, and the first and the second plates 534 
and 542 cooperate to secure the sample filter 30 there-
between in a position wherein a portion of the sample 4 5 

filter 30 extends over the aligned openings 540 and 
548. 

A key element 554 is formed on the first face 536 of 
the second plate 542 and the key element 554 extends 
a distance from the first face 536. The key element 554 50 
extends a distance from the hinged end (the end con-
nected via the hinge pin 552) of the second plate 542 
generally toward the opposite end of the second plate 
542. The key element 554 is shaped and disposed to be 
received within the key slot 433 formed in the cover 55 
416 when the sample holder 434 is inserted into the 
sample slots 432 and 480 to assure that the second 
plate 542 is disposed near the radiation detector 52 of 
the alpha detector 46 and the first plate 534 is disposed 
near the radiation detector 134. 6 0 

A threaded portion 560 is formed on a portion of the 
inner peripheral surface formed in the shield 460 via 
the bore 494 for securing a first insert 562 within a 
portion of the first opening 486. The first insert 562 is 
generally cylindrically shaped and has opposite ends 6 5 

564 and 566. A threaded portion 568 is formed on a 
portion of the outer peripheral surface of the first insert 
562, generally near the end 566 thereof. A portion of 

42 
the first insert 562 is insertable through a portion of the 
first opening 486 to a position wherein the threaded 
portion 568 of the first insert 562 threadedly engages 
the threaded portion 560 formed in the shield 460, 
thereby securing the first insert 562 in the first opening 
486 of the shield 460. 

An opening 569 is formed through the first insert 562 
and the opening 569 extends axially through the first 
insert 562 intersecting the opposite ends 564 and 566 
thereof. An annular surface 570 is formed on the inner 
peripheral surface of the first insert 562 formed via the 
opening 569. An 0-ring seal member 572 is partially 
disposed in a recess formed in the inner peripheral 
surface of the first insert 562 formed via the opening 
569, and another 0-ring seal member 574 is partially 
disposed in a recess formed in the outer peripheral 
surface of the first insert 562. 

A threaded portion 576 is formed on a portion of the 
inner peripheral surface formed in the shield 460 via 
the bore 496 for securing a second insert 578 within a 
portion of the second opening 490. The second insert 
578 is generally cylindrically shaped and has opposite 
ends 580 and 582. A threaded portion 584 is formed on 
a portion of the outer peripheral surface of the second 
insert 578, generally near the end 582 thereof. A por-
tion of the second insert 578 is insertable through a 
portion of the second opening 490 to a position 
wherein the threaded portion 584 of the second insert 
578 threadedly engages the threaded portion 576 
formed in the shield 460, thereby securing the second 
insert 578 in the second opening 490 of the shield 460. 

An opening 587 is formed through the second insert 
578, and the opening 587 extends axially through the 
second insert 578 intersecting the opposite ends 580 
and 582 thereof. An annular surface 586 is formed on 
the inner peripheral surface of the second insert 578 
formed via the opening 587. An 0-ring seal member 
588 is partially disposed in a recess formed in the inner 
peripheral surface of the second insert 578 formed via 
the opening 587, and another 0-ring seal member 590 
is partially disposed in a recess formed in the outer 
peripheral surface of the second insert 578. 

The radiation detector 134 is disposed in the first 
opening 486 of the shield 460 and moved axially there-
through to a position wherein a portion of the scintilla-
tor 506 abuts a portion of the wall 488 thereby limiting 
the movement of the radiation detector 134 in an axial 
direction generally toward the sample slot 432. The 
first insert 562 is disposed on the radiation detector 
134, the radiation detector 134 being inserted through 
the opening 569 to a position wherein the wall 504 
formed on the tube housing 498 abuts the surface 570 
formed in the first insert 562. The first insert 562 is 
rotated as the tube housing 498 is inserted in the open-
ing 569 and the threaded portion 568 in the shield 460 
threadedly engages the threaded portion formed on the 
first insert 562 thereby securing the radiation detector 
134 in the first opening 486 of the shield 460, the scin-
tillator 506 being disposed adjacent and emcompassing 
the control opening 518 in the assembled position of 
the radiation detector 134 in the shield 460. In the 
assembled position of the radiation detector 134, the 
seal member 572 sealingly engages the first insert 562 
and the adjacent portion of the tube housing 498, and 
the seal member 574 sealingly engages the first insert 
562 and the adjacent portion of the shield 460. 

The radiation detector 52 is disposed in the second 
opening 490 of the shield 460 and moved axially there-
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through to a position wherein a portion of the scintilla- key slot 433 in the cover 416 to assure the proper 
tor 516 abuts a portion of the wall 492 thereby limiting orientation of the sample filter 30 with the contact 
the movement of the radiation detector 452 in an axial surface 51 being positioned for initial contact with the 
direction generally toward the sample slot 432. The air being pumped through the inlet conduit. After the 
second insert 578 is disposed on the radiation detector 5 sample period of time, the sample holder 434 is re-
52, the radiation detector 52 being inserted through the moved from the sample collector 12 and positioned in 
opening 587 to a position wherein the wall 514 formed the sample slots 432 and 480 in the cover 416 and the 
on the tube housing 508 abuts the surface 586 formed shield 460, respectively, the key slot 433 cooperating 
in the second insert 578. The second insert 578 is ro- with the key element 554 to orient the sample filter 30 
tated as the tube housing 508 is inserted in the opening ! 0 such that the contact surface 51 of the sample filter 30 
587 and the threaded portion 560 in the shield 460 is disposed generally adjacent the radiation detector 52 
thrcadedly engages the threaded portion formed on the detecting the alpha particle activity, for reasons de-
second insert 578 thereby securing the rediation detec- scribed before. 
tor 52 in the second opening 490 of the shield 460, the As shown more clearly in FIG. 6, the openings 540 
scintillator 516 being disposed adjacent and encom- 15 and 548 in the first and the second plates 534 and 542, 
passing the control opening 526 in the assembled posi- respectively, each have a diameter larger than the di-
tion of the radiation detector 52 in the shield 460. ln ameters 522 and 530 of the control openings 518 and 
the assembled position of the radiation detector 52, the 526, respectively, in the shield 460. When the sample 
seal member 588 sealingly engages the second insert holder 434 is inserted through the aligned sample slots 
578 and the adjacent portion of the tube housing 508, 20 432 and 480, the end of the sample holder 434, oppo-
and the seal member 590 sealingly engages the second site the hinged end thereof, engages the stop surface 
insert 578 and the adjacent portion of the shield 460. 481 formed in the shield 460 limiting the movement of 

A lip 592 is formed on the cover 416, generally adja- the sample holder 434 in the aligned sample slots 432 
cent the outer peripheral surfacc of the cover 416, the and 480 in one direction and positioning the sample 
lip 592 extending a distance from the cover 416. An- 25 holder 434 openings 540 and 548 in an aligned position 
other lip 594 is formed on the cover 416, generally with respect to the control openings 518 and 526 
adjaccnt the outer peripheral surfacc of the cover 416, thereby assuring the sample filter 30 is properly posi-
the lip 594 extending a distance from the cover 416 and tioned with respect to the control openings 518 and 
being disposed on an end of the cover 416, opposite the 526 for substantially encompassing the control open-
end of the cover 416 having the lip 592 formed 3 0 ings 518 and 526. 

A portion of a first quick release latch 596 is secured Embodiment of FIG. 8 
to the end 408 of the housing 400 and a portion of the Shown in FIG. 8 is a modified radiation activity indi-
first quick release latch 596 is removably connected to cator 14a which is constructed similar to the radiation 
a portion of the lip 592. A portion of a second quick 35 activity indicator 14, shown in FIG. 3 and described in 
release latch 598 is secured to the end 406 of the hous- detail before. 
ing 400 and a portion of the second quick release latch The beta detector 40a is constructed exactly like the 
598 is removably connected to a portion of the lip 594. beta detector 40 (shown in FIG. 3), except the pulse 
The first and the second quick release latches 596 and shaper 140 output signal on the signal path 156 is con-
598 cooperate to removably secure the cover 416 to 4 0 nected to and received by a background pulse rate 
the open end 420 of the base 418 in an assembled multiplier 600 and a pulse rate multiplier 602. The 
position of the housing 400. background pulse rate multiplier 600 and the pulse rate 

As shown more clearly in FIG. 6, an annular 0-rinjj multiplier 602 also each receive an enable signal on a 
seal member 597 is partially disposed in a recess signal path 604 provided via a modified sequence con-
formed in the wall 488 formed in the shield 460, and 4 5 trol 210a. the enable signal functioning to condition the 
another annular 0-ring seal member 599 is partially background pulse rate multiplier 600 and the pulse rate 
disposed in a recess formed in the wall 492. In an as- multiplier 602 in the on condition in a manner similar 
sembled position of the radiation detectors 52 and 130 to that described before with respect to the pulse rate 
in the shield 460, the seal member 597 sealingly en- multiplier 144 and the enable signal on the signal path 
gages the shield 460 and the adjacent portion of the 5 0 78 (shown in FIG. 3). 
scintillator 506 and the seal member 599 sealingly A background calibration assembly 605 provides 
engages the shield 460 and the adjacent portion of the output signals via a plurality of signal paths 606 (only 
scintillator 516. The seal members 597 and 599 coop- the first and the last signal paths being shown in FIG. 8 
erate with the other seal members 431, 478, 572, 574, and designated therein via the general reference nu-
588 and 590 to substantially seal the housing 400 and 55 merals 606A and 606B) and each of the signal paths 
reduce the possibility of moisture entering the open 606 is connected to and received by the background 
space 414. pulse rate multiplier 600. A calibration assembly 607 

As mentioned before, the sample filter 30 is disposed provides output signals via a plurality of signal paths 
in the sample collector 12 such that the air passes 608 (only the first and the last signal paths being shown 
through a contact face 51 of the sample filter 30, 6 0 in FIG. 8 and designated therein via the general refer-
through the sample filter 30 and is discharged out or ence numerals 608A and 608B) and each of the signal 
from the face of the sample filter 30, opposite the paths 608 is connected to and received by the pulse 
contact face 51. In a preferred form, the sample filter rate multiplier 602. The background calibration assem-
30 is secured in the sample holder 434 and the sample bly 605 is utilized to adjustingly vary the background 
holder 434 is inserted in the sample collector 12 to a 6 5 pulse rate multiplier 600 output signal provided on a 
position wherein the sample filter 30 is interposed in signal path 610, the signal on the signal path 610 being 
the inlet conduit 26 in a manner shown in FIG. 1, the connected to and received by a background digital-to-
sample collector 12 including a key slot similar to the analog converter 612. The calibration assembly 607 is 
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utilized to adjustingly vary the pulse rate multiplier 602 
output signal provided on a signal path 614, the signal 
on the signal path 614 being connected to and received 
by a beta digital-to-analog converter 616. The pulse 
rate multipliers 600 and 602 and the calibration assem- 5 

blies 604 and 607 can be constructed and operated 
exactly like the pulse rate multipliers 62 and 144 and 
the calibration assemblies 64 and 146, shown in FIG. 3 
and described in detail before, and, in fact, a counter, 
such as the counter 142 (shown in FIG. 3), for exam- 1 0 

pie. can be included in the beta detector 40a to reduce 
the amount of thc signal conversion to be accomplished 
via the pulse rate multipliers 600 and 602, if desired in 
a particular application. 

In the embodiment of the invention shown in FIG. 8, 15 

the beta detector 40a output indication 44 (shown in 
FIG. 1) comprises the signals on the signal paths 610 
and 614, rather than the single output signal on the 
signal path 148, as shown in FIG. 3. The background 
digital-to-analog converter 612 functions to convert 2 0 

the digital type or form of signal received on the signal 
path 610 to an analog electrical output signal, i.e. an 
analog signal having a voltage amplitude level indica-
tive of the number of input signal pulses received on 
the signal path 610, the analog output signal being 2 5 

provided on a signal path 618 and having a voltage 
amplitude level indicative of the detected background 
radiation activity. The digital output signal on the sig-
nal path 618 is connected to and received by an in-
verter 620 and the inverter 620 provides an output 3 0 

signal on a signal path having a negative (—) voltage 
amplitude level corresponding to the received positive 
(+) voltage amplitude level on a signal path 622, the 
inverter output signal on the signal path 622 being 
connected to and received via a first gate control 624. 35 
The beta digital-to-analog converter 616 converts the 
digital type or form of signal received on the signal path 
614 to an analog electrical output signal provided on a 
signal path 626, having a voltage amplitude level indic-
ative of the number of signal pulses received on the 4 0 

signal path 614, the analog signal on the signal path 626 
having a positive (+) voltage amplitude level indicative 
of the detected beta particle activity. The digital output 
signal on the signal path 626 is connected to and re-
ceived via the first gate control 624. 4 5 

The first gate control 624 is an electronic gate type of 
circuit and includes a summing network for receiving 
the signals on the signal paths 622 and 626 and provid-
ing an output signal indicative of or representing the 
sum of the received signals on the signal paths 622 and 5 0 

626 in one condition of the first gate control 624. In 
one other condition, the first gate control 624 passes 
the signal received on the signal path 622 and provides 
an output signal equivalent to the received signal on the 
signal path 622. In yet another condition, the first gate 5 5 

control 624 passes the signal received on the signal 
path 626 and provides an output signal equivalent to 
the signal received on the signal path 626. The various 
conditions of the first gate control 624, described 
above, can be controlled via electrical signals provided 6 0 

via the sequence control 210a or the various conditions 
of the first gate control 624 can be controlled via a 
manually settable switch position depending on the 
requirements of a particular application. 

In any event, the output signal of the first gate control 6 5 

624 is provided on a signal path 628 which is connected 
to and received by an amplifier 630. The amplifier 630 
provides an amplified output signal on a signal path 632 
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which is connected to and received via a second gate 
control 634. The second gate control 634 also receives 
a signal on a signal path 636, and is constructed to 
provide an output signal on a signal path 638 indicative 
of the sum of the two received signals on the signal 
paths 632 and 636 in one condition of the second gate 
control 634. In one other condition, the second gate 
control 634 also passes only the signal received on the 
signal path 632 and, in yet another condition, the sec-
ond gate control 634 passes only thc signal received on 
thc signal path 636. Thus, the second gate control 634 
is constructed and operates in a manner similar to the 
first gate control 624, described before. 

The sccond gate control 634 output signal on the 
signal path 638 is connected to and received via an 
amplifier 670, and the amplifier 670 provides an ampli-
fied output signal on a signal path 672. The amplifier 
670 output signal on the signal path 672 is connected to 
and received by a third gate control 674, and the third 
gate control 674 also receives a signal on a signal path 
676. The third gate control 674 is constructed and 
operates similar to the gate controls 624 and 634. Thus, 
the third gate control 624 provides an output signal on 
a signal path 678 indicative of the sum of the two re-
ceived signals on the signal paths 672 and 676 in one 
condition, and the third gate control 674 passes only 
the signal received on the signal path 672 in one other 
condition, the third gate control 674 passing only the 
received signal on the signal path 676 in another condi-
tion. 

The third gate control 674 output signal on thc signal 
path 678 is connected to and received by an output 
indicator 680. In the embodiment of the invention 
shown in FIG. 8, the output indicator 680 is a voltage 
indicating type of meter wherein the meter needle de-
flection and associated scale provide thc visually per-
ceivable output indications representing the voltage 
amplitude levels of the signals received on the signal 
path 680, the deflection of the meter needle in one 
direction indicating a received signal having a positive 
(+) voltage amplitude level, and the deflection of the 
meter needle in the opposite direction indicating a 
received signal having a negative (—) voltage amplitude 
level, for example. 

The alpha detector 46a is constructed exactly like the 
alpha detector 46 (shown in FIG. 3), except the pulse 
shaper 58 output signal on the signal path 74 is con-
nected to and received by a pulse rate multiplier 682. 
The pulse rate multiplier 682 receives an enable signal 
on a signal path 684 provided via the sequence control 
210a, the enable signal functioning to condition the 
pulse rate multiplier 682 in the "on" condition in a 
manner similar to that described before with respect to 
the pulse rate multiplier 62 and the enable signal on the 
signal path 78 (shown in FIG. 3). 

A calibration assembly 684 provides output signals 
via a plurality of signal paths 686 (only the first and the 
last signal paths being shown in FIG. 8 and designated 
therein via the general reference numerals 686A and 
686B) and each of the signal paths 686 is connected to 
and received by the pulse rate multiplier 682. The 
calibration assembly 684 is utilized to adjustingly vary 
the pulse rate multiplier 682 output signal provided on 
a signal path 688, the signal on the signal path 688 
being connected to and received by a digital-to-analog 
converter 690. The pulse rate multiplier 682 and the 
calibration assembly 684 can be constructed and oper-
ated exactly like the pulse rate multipliers 62 and 144 
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and the calibration assemblies 64 and 146, shown in 
FIG. 3 and described in detail before, and, in fact, a 
counter, such as the counter 60 (shown in FIG. 3), for 
example, can be included in the alpha detector 46a to 
reducc the amount of the signal conversion to be ac- 5 

complished via the pulse rate multiplier 682, if desired 
in a particular application. 

In the embodiment of the invention shown in FIG. 8, 
thc alpha detcctor 46a output indication 48 (shown in 
FIG. 1) comprises the signal on the signal path 688. 10 

Thc digital-to-analog converter 690 functions to con-
vert the digital type or form of signal received on thc 
signal path 688 to an analog elcctrical output signal 
having a voltage amplitude level indicative of the num-
ber of input signal pulses received on thc signal path 15 

688, the analog output signal being provided on the 
signal path 36 and having a voltage amplitude level 
indicative of the detected alpha particle activity. 

The alpha detcctor 46a is constructed exactly like the 
alpha detcctor 46, shown in FIG. 3, except thc alpha 2 0 

detcctor 46a does not include a counter, similar to the 
counter 60 (shown in FIG. 3). Rather, the pulse shaper 
58 output signal on the signal path 74 is connected 
directly to and received via a pulse rate multiplier 682. 

The radiation activity indicator 14a can be operated 25 
in a manner exactly like the radiation activity indicator 
14, shown in FIG. 3, and in accordance with the timing 
diagram shown in FIG. 2. The salient difference be-
tween thc operation of the radiation activity indicator 
14a, shown in FIG. 8, and the radiation activity indica- 3 0 

tor 14, shown in FIG. 3, is thc analog type of output 
indications provided via the radiation activity indicator 
14a for use in cooperation with a meter type of output 
display or the like. Also the radiation activity indicator 
14a includes a separate network for providing the 3 5 

background radiation activity indication which can be 
displayed separately or combined with the beta particle 
activity indication, as controlled via the first gate con-
trol 624. 

Changes may be made in the parts or elements de- 4 0 

scribed herein or in the steps of the method disclosed 
herein without departing from the spirit and the scopc 
of the invention as defined in the following claims. 

What is claimed is: 
1. A method for providing indications of the radia- 4 5 

tion activity of radon and the decay products of radon, 
the method comprising the steps of: 

detecting the alpha particle activity occurring as a 
result of the radiation emissions of the decay prod-
ucts of radon; 

providing an output indication representing the de-
tected alpha particle activity; 

detecting the beta particle activity occurring as a 
result of the radiation emissions of the decay prod-
ucts of radon; 5 5 

providing an output indication representing the de-
tected beta particle activity; and 

summing the output indications representing the 
detected alpha particle activity and the detected 
beta particle activity to provide a parameter indi- 6 0 

eating the radiation activity of the decay products 
of radon proportional to the working level. 

2. The method of claim 1 defined further to include 
the step of: 

receiving the output indications representing the 6 5 

detected alpha particle activity and the detected 
beta particle activity and providing an output indi-
cation of the sum of the received output indications 
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representing the detected alpha and beta particle 
activities, the sum of the output indications being a 
parameter indicating the radiation activity of the 
decay products of radon proportional to the work-
ing level. 

3. The method of claim 2 defined further to include 
the step of: 

receiving thc output indications representing the 
detected alpha particle activity and the detected 
beta particlc activity and providing an output indi-
cation of the difference between the received out-
put indications representing the detected alpha 
particlc activity and the detected beta particle ac-
tivity, the output indication of the difference be-
tween the detected alpha particle activity and the 
detected beta particle activity being a parameter 
for indicating the radon concentration. 

4. A method for providing indications of the radia-
tion activity of radon and the decay products of radon 
comprising the steps of: 

detecting the alpha particle activity occurring as a 
result of the radiation emissions of the decay prod-
ucts of radon; 

providing an output indication representing the de-
tected alpha particle activity in terms of counts per 
minute(cpm); 

calibrating the output indication representing the 
detected alpha particle activity to provide an out-
put indication proportional to the detected alpha 
particle activity in terms of disintegrations per 
minute(dpm); 

detecting the beta particle activity occurring as a 
result of the radiation emissions of the decay prod-
ucts of radon; 

providing an output indication representing the de-
tected beta particle activity in terms of counts per 
minute(cpm); 

calibrating the output indications representing the 
detected beta particle activity to provide an output 
indication proportional to the detected beta parti-
cle activity in terms of disintegrations pier minute 
(dpm); and 

summing the output indications proportional to the 
detected alpha particle and the detected beta parti-
cle activities in terms of disintegrations per minute 
(dpm) to provide a parameter indicating the radia-
tion activity of the decay products of radon propor-
tional to the working level. 

5. The method of claim 4 defined further to include 
the step of: 

receiving the output indications proportional to the 
detected alpha particle activity in terms of disinte-
grations per minute (dpm) and the detected beta 
particle activity in terms of disintegrations per min-
ute (dpm) and providing an output indication of 
the sum of the received output indications, the sum 
of the received output indications being propor-
tional to the working level parameter. 

6. The method of claim 4 wherein the step of cali-
brating the output indication representing the detected 
alpha particle activity is defined further to include the 
steps of: 

detecting the alpha particle activity occurring as a 
result of the radiation emission from a radiation 
source having a known alpha particle activity oc-
curring as a result of the radiation emission from 
the radiation source; and 
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calibrating the output indication representing the 
detected alpha particle activity to provide an out-
put indication proportional to the known alpha 
particle activity in terms of disintegrations per min-
ute (dpm) prior to the step of detecting the alpha 5 

particle activity occurring as a result of the radia-
tion emissions of the dccay products of radon; and 

wherein the step of calibrating the output indication 
representing the detected beta particle activity is de-
fined further to include the steps of: 

detecting the beta particle activity occurring as a 
result of the radiation emission from a radiation 
source having a known beta particle activity occur-
ring as a result of the radiation emission from the ( 5 
radiation source; and 

calibrating the output indication representing the 
detected beta particle activity to provide an output 
indication proportional to the known beta particle 
activity in terms of disintegrations per minute ?0 
(dpm) prior to the step of detecting the beta parti-
cle activity occurring as a result of the radiation 
emissions of the decay products of radon. 

7. A method for providing indications of the radia-
tion activity of radon and the decay products of radon 25 
in air at a test site wherein filterable airborne radioac-
tive material from the air at the test site has been de-
posited on a sample filter, thc method comprising the 
steps of: 

de tec t ing the a lpha activity f rom the sample filter 30 
occur r ing as a result of the radia t ion emissions of 
the decay p roduc t s of radon ; 

providing an o u t p u t indicat ion represen t ing the de-
tec ted a lpha par t ic le activity; 

de tec t ing the be t a par t ic le activity f r o m the filter 3 5 

occu r r ing as a result of t he rad ia t ion emissions of 
t he decay p roduc t s of radon ; and 

providing an o u t p u t indicat ion represen t ing t he de-
t ec ted be ta par t ic le activity; a n d 

summing the o u t p u t indicat ions represen t ing the 
d e t e c t e d a lpha par t ic le activity and the d e t e c t e d 
be ta par t ic le activity t o p rov ide a p a r a m e t e r indi-
ca t ing t he radia t ion activity of t he decay p r o d u c t s 
of r adon p ropor t iona l to the work ing level. 4 J 

8. The method of claim 7 wherein prior to the steps 
of detecting the alpha particle activity and the beta 
particle activity, the method is defined further to in-
clude the steps of: 

detecting the background radiation activity at the s o 
test site; and 

providing an o u t p u t indica t ion represen t ing the de-
t ec ted b a c k g r o u n d radia t ion activity, the sum of 
the de t ec t ed a lpha par t ic le activity and the be t a 
par t ic le activity less t h e d e t e c t e d b a c k g r o u n d radi- 55 
a t ion activity being the p a r a m e t e r indicat ing the 
radia t ion activity of t h e decay p r o d u c t s of r adon 
p ropor t iona l t o the working level. 

9. A method for providing indications of the radia-
tion activity of radon and the decay products of radon 60 
in air at a test site wherein filterable airborne radioac-
tive material from the air at the test site has been de-
posited on a sample filter, the method comprising the 
steps of: 

de tec t ing t he b a c k g r o u n d radia t ion activity in the air 65 
at the test site; 

providing an o u t p u t indica t ion r ep resen t ing the de-
t ec ted b a c k g r o u n d radia t ion act ivi ty; 
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detecting the alpha particle activity from the sample 
filter occurring as a result of the radiation emis-
sions of the decay products of radon; 

providing an output indication representing the de-
tected alpha particle activity; 

detecting the beta particlc activity from the filter 
occurring as a result of the radiation emissions of 
thc decay products of radon; 

providing an output indication representing thc de-
tected beta particlc activity; and 

summing the output indications representing the 
detected alpha particle activity and the detected 
beta particlc activity and subtracting the detected 
background activity for providing a parameter indi-
cating the radiation activity of thc dccay products 
of radon in thc air at the test site, the parameter 
being proportional to the working level. 

10. The method of claim 9 wherein the step of receiv-
ing the output indications is defined further to include 
the step of: 

providing an output indication of the difference be-
tween the received output indications representing 
the detected alpha particle activity and the de-
tected beta particle activity less thc detected back-
ground radiation activity for utilization with thc 
indicated working level parameter to provide an 
indication of thc radon concentration in the air at 
the test site. 

11. The method of claim 9 wherein thc step of detect-
ing the background radiation is defined further to in-
clude the step of: 

detecting the beta particlc activity and the gamma 
ray radiation activity occurring as a result of the 
radiation emissions of the decay products of radon 
in the air at the test site; and 

wherein the step of providing the output indication of 
the detected background radiation is defined further to 
include the step of: 

providing an output indication representing the de-
tected beta particle activity and the detected 
gamma ray radiation activity, thc output indication 
representing the background radiation in the air at -
the test site. 

12. The method of claim 11 wherein the step of de-
tecting the background radiation is defined further to 
include the step of: 

detecting the alpha particle activity at the test site 
occurring as a result of the radiation emissions of a 
contamination source of radiation; and 

wherein the step of providing the output indication of 
the detected background radiation is defined further to 
include the step of: 

providing an output indication representing the de-
tected alpha particle activity at the test site occur-
ring as a result of the radiation emissions of a con-
tamination source of radiation, and the output 
indications representing the detected beta particle 
activity, the detected gamma ray radiation activity 
and the detected alpha particle activity being the 
background radiation. 

13. A method for providing indications of the radia-
tion activity of radon and the decay products of radon 
in the air at a test site, the method comprising the steps 
of: 

detecting the background radiation activity in the air 
at the test site; 

providing an output indication representing the de-
tected background radiation activity; 
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depositing filterable airborne radioactive material 
from the air at the test site on a sample filter; 

detecting the alpha particle activity from the sample 
filter occurring as a result of the radiation emis-
sions of the decay products of radon; 5 

providing an output indication representing the alpha 
particle activity detected from the sample filter; 

detecting the beta particle activity from the sample 
filter occurring as a result of the radiation emis-
sions of the dccay products of radon; 10 

providing an output indication representing the beta 
particlc activity detected from the sample filter; 
and 

summing the output indications representing the 
dctcctcd alpha particle activity and the detected 15 

beta particlc activity and subtracting the detected 
background activity for providing a parameter indi-
cating the radiation activity of the decay products 
of radon in the air at the test site, the parameter 
being proportional to the working level. 

14. The method of claim 13 defined further to in-
clude the step of: 

receiving the output indications representing the 
detcctcd alpha particlc activity, the detected beta 
particlc activity and the detected background radi- -5 
ation activity, and providing an output indication 
of the difference between the detected alpha parti-
cle activity and the detected beta particle activity 
less the detected background activity for utilization 
with the indicated working level parameter to pro- 3 0 

vide an indication of the radon concentration in the 
air at the test site. 

15. The method of claim 13 wherein the step of de-
tecting the background radiation is defined further to 
includc: 3 5 

detecting the beta particlc activity and the gamma 
ray radiation activity occurring as a result of the 
radiation emissions of the decay products of radon 
in the air at the test site; and 

wherein the step of providing the output indication of 4 0 

the detected background radiation is defined further to 
include the step of: 

providing an output indication representing the dc-
tcctcd beta particlc activity and the detected 
gamma ray radiation activity, the output indication 4 5 

representing the background radiation in the air at 
the test site. 

16. The method of claim 15 wherein the step of de-
tecting the background radiation is defined further to 
include the step of: 5 0 

detecting the alpha particle activity at the test site 
occurring as a result of the radiation emissions of a 
contamination source of radiation; and 

wherein the step of providing the output indication of 
the detected background radiation is defined further to 5 5 

include the step of: 
providing an output indication representing the de-

tected alpha particle activity at the test site occur-
ring as a result of the radiation emissions of a con-
tamination source of radiation, and the output 6 0 

indications representing the detected beta particle 
activity, the detected gamma ray radiation activity 
and the detected alpha particle activity being the 
background radiation. 

17. The method of claim 13 wherein the step of pro- 6 5 

viding the output indication of the background radia-
tion activity is defined further as providing an output 
indication of the background radiation activity in terms 
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of counts per minute (cpm); and wherein the step of 
providing the output indication representing the de-
tected-alpha particle activity is defined further as pro-
viding the output indication of the detected alpha parti-
cle activity in terms of counts per minute (cpm); and 
wherein the step of providing the output indication 
representing the detected beta particle activity is de-
fined further as providing the output indication of the 
detected beta particle activity in terms of counts per 
minute (cpm); and wherein the method is defined fur-
ther to include: 

calibrating the output indication representing the 
detected background radiation activity to provide 
an output indication proportional to the detected 
background radiation activity in terms of disinte-
grations per minute (dpm); 

calibrating the output indication representing the 
detected alpha particle activity to provide an out-
put indication proportional to the detected alpha 
particle activity in terms of disintegrations per min-
ute (dpm); and 

calibrating the output indication representing the 
detected beta particle activity to provide an output 
indication of the detected beta particle activity in 
terms proportional to disintegrations per minute 
(dpm). 

18. The method of claim 17 defined further to in-
clude the step of: 

receiving the output indications representing the 
detected alpha particle activity in terms of disinte-
grations per minute (dpm), the detected beta parti-
cle activity in terms of disintegrations per minute 
(dpm) and the background radiation activity in 
terms of disintegrations per minute (dpm), and 
providing an output indication of the sum of the 
alpha particle activity and the beta particle activity 
less the background radiation activity to provide an 
output indication proportional to the working level 
parameter. 

19. The method of claim 18 wherein the step of cali-
brating the output indication representing the detected 
alpha particle activity is defined further to include the 
steps of: 

detecting the alpha particle activity occurring as a 
result of the radiation emission from a radiation 
source having a known alpha particle activity oc-
curring as a result of the radiation emission from 
the radiation source; and 

calibrating the output indication representing the 
detected alpha particle activity to provide an out-
put indication proportional to the known alpha 
particle activity in terms of disintegrations per min-
ute (dpm) prior to the step of detecting the alpha 
particle activity occurring as a result of the radia-
tion emissions of the decay products of radon; and 

wherein the step of calibrating the output indication 
representing the detected beta particle activity is de-
fined further to include the steps of: 

detecting the beta particle activity occurring as a 
result of the radiation emission from a radiation 
source having a known beta particle activity occur-
ring as a result of the radiation emission from the 
radiation source; and 

calibrating the output indication representing the 
detected beta particle activity to provide an output 
indication proportional to the known beta particle 
activity in terms of disintegrations per minute 
(dpm) prior to the step of detecting the beta parti-
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cle activity occurring as a result of the radiation 
emissions of the decay products of radon. 

20. The method of claim 13 wherein the step of de-
positing the filterable airborne radioactive material on 
the sample filter is defined further as being for a prede- 5 

termined sample period of time; and wherein the steps 
of detecting the alpha particle activity and detecting 
the beta particle activity are each defined further as 
occurring at approximately the same time and for a 
predetermined radiation count period of time. 1 0 

21. The method of claim 20 wherein the step of de-
positing filterable airborne radioactive material is de-
fined further as being for a predetermined sample pe-
riod of time. 

22. The method of claim 20 wherein the step of de- 15 

tecting the background radiation activity is defined 
further as being for a predetermined background count 
period of time. 

23. The method of claim 22 defined further to in-
clude the step of: 20 

transferring the sample filter contaminated with the 
filterable radioactive material to a location for the 
detecting of the alpha particle activity and the beta 
particle activity within a predetermined transfer 
period of time. 25 

24. The method of claim 23 wherein the step of de-
positing the filterable airborne radioactive material on 
the sample filter is defined further to include the step 
of: 

passing air from the test site through the sample filter 3 0 

at a predetermined volumetric flow rate for the 
predetermined sample period of time. 

25. An apparatus for providing output indications of 
the radiation activity of radon and the decay products 
of radon, the apparatus comprising: 3 5 

a beta detector, having an on condition and an off 
condition, detecting beta particle activity occur-
ring as a result of the radiation emissions of the 
decay products of radon and providing an output 
signal representing the detected beta particle activ- 4 0 

ity in the on condition of the beta detector; 
an alpha detector, having an on condition and an off 

condition, detecting alpha particle activity occur-
ring as a result of the radiation emissions of the 
decay products of radon and providing an output 4 5 

signal representing the detected alpha particle ac-
tivity in the on condition of the alpha detector; and 

an output indicator receiving the beta detector out-
put signal and providing an output indication of the 
detected beta particle activity in response to the 5 0 

received beta detector output signal, and receiving 
the alpha detector output signal and providing an 
output indication of the detected alpha particle 
activity in response to the received alpha detector 
output signal, the sum of the output indications of 5 5 

the alpha particle activity and the beta particle 
activity being a parameter indicating the radiation 
activity of the decay products of radon propor-
tional to the working level. 

26. The apparatus of claim 25 wherein the beta de- 6 0 

tec tor is defined further to include: 
a radiation detector detecting beta particle activity 

occurring as a result of the radiation emissions of 
the decay products of radon and providing an out-
put signal indicating the detected beta particle 6 5 

activity in terms of counts per minute (cpm); and 
means receiving the radiation detector output signal 

and providing an output signal proportional to the 
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detected beta particle activity in terms of disinte-
grations per minute (dpm). 

27. The apparatus of claim 26 wherein the means 
providing the output signal proportional to the de-
tected beta particle activity in terms of disintegrations 
per minute (dpm) is defined further to include: 

an amplifier receiving the radiation detector output 
signal and providing an amplified output signal in 
response thereto; 

a pulse height discriminator receiving the amplifier 
output signal and providing an output signal pulse 
in response to each received amplifier output signal 
pulse having a predetermined minimum amplitude; 
and 

means receiving the pulse height discriminator out-
put signal and providing an output signal pulse in a 
digital form in response to each received pulse 
height discriminator output signal pulses, having 
varying amplitudes and provided in response to the 
detected beta particle activity. 

28. The apparatus of claim 27 wherein the means 
receiving the pulse height discriminator output signal is 
defined further to include: 

means receiving the output signal pulses in a digital 
form, having a variable output signal, for providing 
an output signal proportional to the detected beta 
particle activity in terms of disintegrations per min-
ute (dpm). 

29. The apparatus of claim 25 wherein the alpha 
detector is defined further to includc: 

radiation detector detecting alpha particle activity 
occurring as a result of the radiation emissions of 
the decay products of radon and providing an out-
put signal indicating the detected alpha particle 
activity in terms of counts per minute (cpm); and 

means receiving the radiation detector output signal 
and providing an output signal proportional to the 
detected alpha particle activity in terms of disinte-
grations per minute (dpm). 

30. The apparatus of claim 29 wherein the means 
providing the output signal proportional to the de-
tected alpha particle activity in terms of disintegrations 
per minute (dpm) is defined further to include: 

an amplifier receiving the radiation detector output 
signal and providing an amplified output signal in 
response thereto; 

a pulse height discriminator receiving the amplifier 
output signal and providing an output signal pulse 
in response to each received amplifier output signal 
pulse having a predetermined minimum amplitude; 
and 

means receiving the pulse height discriminator out-
put signal and providing an output signal pulse in a 
digital form in response to each received pulse 
height discriminator output signal pulses, having 
varying amplitudes and provided in response to the 
detected alpha particle activity. 

31. The apparatus of claim 30 wherein the means 
receiving the pulse height discriminator output signal is 
defined further to include: 

means receiving the output signal pulses in a digital 
form, having a variable output signal, for providing 
an output signal proportional to the detected alpha 
particle activity in terms of disintegrations per min-
ute (dpm). 

32. The apparatus of claim 26 wherein the alpha 
detector is defined further to include: 
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15 

a radiation detector for detecting alpha particle ac-
tivity occurring as a result of the radiation emis-
sions of the decay products of radon and providing 
an output signal indicating the detected alpha par-
ticlc activity in terms of counts per minute (cpm); 
and 

means receiving the radiation detector output signal 
and providing an output signal proportional to the 
detected alpha particle activity in terms of disinte-
grations per minute (dpm). 

33. The apparatus of claim 32 wherein the means 
receiving the radiation detector output signal and pro-
viding the output signal proportional to the detected 
alpha particlc activity is defined further to include: 

a pulse rate multiplier providing an output signal 
pulse in response to an adjustingly controlled num-
ber of signal pulses received from the radiation 
dctcctor providing the output signal indicating the 
detected alpha particlc activity, the pulse rate mul-
tiplier having a portion receiving signals and the 2(1 

pulse rate multiplier providing an output signal 
pulse in response to a predetermined number of 
received signal pulses adjustingly controlled in 
response to the received signals; and 

a calibration assembly providing the output signals 
received by the pulse rate multiplier for adjustingly 
controlling the number of signal pulses received by 
the pulse rate multiplier required to producc an 
output signal pulse from the pulse rate multiplier 
for calibrating the alpha detector; and 

wherein the means receiving the radiation dctector 
output signal and providing the output signal propor-
tional to the detcctcd beta particlc activity is defined 
further to include: 

a pulse rate multiplier providing an output signal 
pulse in response to an adjustingly controlled num-
ber of signal pulses received from the radiation 
dctcctor providing the output signal indicating the 
detected beta particlc activity, the pulse rate multi 
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counters increasing in the count-up mode and 
decreasing in the count-down mode; and, 

means generating and providing the up-down en-
able signal to be received via the up-down count-
ers of the beta counter assembly; and 

means receiving the beta counter assembly output 
signal and providing a perceivable output indica-
tion of the number of the input signal pulses 
counted via the beta counter assembly thereby 
providing a perceivable output indication of the 
detected beta activity. 

35. The apparatus of claim 34 wherein the means 
providing the up-down enable signal is defined further 
to include: 

a sequence control for automatically controlling the 
generation of the up-down enable signals, the se-
quence control providing the up-down enable sig-
nal in the one state for conditioning the up-down 
counters of the beta counter assembly in the count-
up mode during a background count period of time 
and providing the up-down enable signal in the one 
other state for conditioning the up-down counters 
of the beta counter assembly in the count-down 
mode at the beginning of a radiation count period 
of time; and 

wherein the up-down counters of the beta counter 
assembly are defined further as providing a carry-out 
signal in response to the up-down counters counting 
down to a zero (0) count; and wherein the sequence 
control is defined further as receiving the carry-out 
signal from the beta counter assembly, the sequence 
control switching the up-down enable signal provided 
to the beta counter assembly from the one other state 
conditioning the up-down counters of the beta counter 
assembly in the count-down mode to the one state 
conditioning the up-down counters of the beta counter 
assembly in the count-up mode in response to receiving 
a carry-out signal from the beta counter assembly indi-

plier having a portion receiving signals and the 40 catmg a zero (0) count on the beta counter assembly 
pulse rate multiplier providing an output signal t h e c o u n t o n t h e c o u n t e r assembly at the end of 
pulse in response to a predetermined number of t h e radiation count period of time being the count of 
received signal pulses adjustingly controlled in t h e i n P u t P u l s e s received from the beta detector 
response to the received signals; and d u r i n 8 t h e radiation count period of time less the count 

a calibration assembly providing the output signals 45 of the input signal pulses received from the beta detec-
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received by the pulse rate multiplier for adjustingly 
controlling the number of signal pulses received by 
the pulse rate multiplier required to producc an 
output signal pulse from the pulse rate multiplier 
for calibrating the beta detector. 

34. The apparatus of claim 32 wherein the output 
indicator is defined further to include: 

a beta counter assembly receiving the beta detector 
output signal and providing an output signal indi-
cating the number of input signal pulses received 5 5 

from the beta detector, the beta counter assembly 
comprising: 
at least one up-down counter, each up-down 

counter having a count-up mode, a count-down 
mode and receiving an up-down enable signal for 6 0 

conditioning the up-down counters in the count-
up mode in one state of the received up-down 
enable signal and for conditioning the up-down 
counters in the count-down mode in one other 
state of the received up-down enable signal, the 
up-down counters receiving and counting the 
input signal pulses provided via the beta detector 
output signal and the count on the up-down 
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tor during the background count period of time. 
36. The apparatus of claim 35 wherein the output 

indicator is defined further to include: 
an alpha counter assembly receiving the alpha detec-

tor output signal and providing an output signal 
indicating the number of input signal pulses re-
ceived from the alpha detector, the alpha counter 
assembly comprising: 
at least one up-down counter, each up-down 

counter having a count-up mode, a count-down 
mode and receiving an up-down enable signal for 
conditioning the up-down counters in the count-
up mode in one state of the received up-down 
enable signal and for conditioning the up-down 
counters in the count-down mode in one other 
state of the received up-down enable signal, the 
up-down counters receiving and counting the 
input signal pulses provided via the alpha detec-
tor output signal and the count on the up-down 
counters increasing in the count-up mode and 
decreasing in the count-down mode, the up-
down counters of the alpha counter assembly 
providing a carry-out signal in response to the 
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up-down counters counting down to a zero (0) 
count; and 

wherein the sequence control is defined further as pro-
viding the up-down enable signal in one state for condi-
tioning the up-down counters of the alpha counter 5 

assembly in the count-up mode during the background 
count period of time and providing thc up-down enable 
signal in the one other state for conditioning the up-
down counters of the alpha counter assembly in the 
count-down mode at the beginning of the radiation 10 

count period of time, the sequence control receiving 
the carry-out signal from the alpha counter assembly 
and switching the up-down enable signal provided to 
the alpha counter assembly from the one other signal 
for conditioning the up-down counters of the alpha 15 

counter assembly in the count-down mode to the one 
state for conditioning the up-down counter of the alpha 
counter assembly in the count-up mode in response to 
receiving a carry-out signal from the alpha counter 
assembly indicating a zero (0) count on the alpha 20 
countcr assembly, the count on the alpha counter as-
sembly at the end of the radiation count period of time 
being the count of the input signal pulses received from 
the alpha detector during the radiation count period of 
time less the count of thc input signal, pulses received 25 
from the alpha detector during the background count 
period of time; and 

means receiving the alpha counter assembly output 
signal and providing a perceivable output indica-
tion of the number of input signal pulses counter 30 
via the alpha counter assembly thereby providing a 
perceivable output indication of the detected alpha 
particle activity. 

37. The apparatus of claim 36 wherein the beta de-
tector is defined further as receiving an enable signal 35 
and being conditioned in the on condition in response 
to receiving the enable signal in the low state and being 
conditioned in the off condition in response to receiv-
ing the enable signal in the high state; and wherein thc 
alpha detector is defined further as receiving an enable 4 0 

signal and being conditioned in the on condition in 
response to receiving the enable signal in the low state 
and being conditioned in the off condition in response 
to receiving the enable signal in the high state; and 
wherein the sequence control is defined further to in- 45 
elude: 

means generating and providing an output signal 
having periodic pulses at a predetermined fre-
quency; 

means receiving the output signal having periodic 5 0 

pulses and providing the enable signal, the up-
down enable signal received by the beta counter 
assembly, and the up-down enable signal received 
by the alpha counter assembly, the enable signal 
being in the low state during the background count 55 
period of time and in the low state during the radia-
tion count period of time, the duration of the back-
ground count period of time and the duration of 
the radiation count period of time each being de-
termined in response to the frequency of the re- 6 0 

ceived periodic pulses, the up-down enable signal 
received by the beta counter assembly being 
switched to the high state at the beginning of the 
background count period of time and the up-down 
enable signal received by the beta counter assem- 6 5 

bly being switched to the low state at the beginning 
of the radiation count period of time and said 
means receiving the carry-out signal provided via 
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the beta counter assembly and thc up-down enable 
signal received by the beta counter assembly being 
switched to the high state in response to receiving 
the carry-out signal from the beta counter assem-
bly, the output signal provided by thc beta countcr 
assembly indicating thc number of input signal 
pulses received from the beta detector during the 
radiation count period of time less the number of 
input signal pulses received from thc beta detector 
during the background count period of time, thc 
up-down enable signal received by the alpha 
counter assembly being switched to the high state 
at the beginning o f t h e background count period of 
time and the up-down enable signal received by thc 
alpha counter assembly being switched to thc low 
state at thc beginning of the radiation count period 
of time and said means receiving the carry-out 
signal provided via the alpha countcr assembly and 
the up-down enable signal received by the alpha 
counter assembly being switched to thc high state 
in response to receiving thc carry-out signal from 
the alpha countcr assembly, thc output signal pro-
vided by the alpha counter assembly indicating thc 
number of input pulses received from thc alpha 
detcctor during the radiation count period of time 
less the number of input signal pulses received 
from the alpha detcctor during thc background 
count period of time. 

38. The apparatus of claim 37 wherein the means 
providing the enable signal, the up-down enable signal 
received by the beta counter assembly and the up-down 
enable signal received by the alpha counter assembly is 
defined further to include: 

a decoder receiving the output signal having periodic 
pulses and providing output signals in response to 
the received periodic pulses; 

means receiving at least some of the decodcr output 
signals and providing the enable signal in response 
to the received decoder output signals, the enable 
signal being in the low state during the background 
count period of time; 

means receiving at least some of the decoder output 
signals and providing an output trigger signal in 
response to the received decoder output signals, 
the trigger-signal being in the high state during the 
background count period of time; 

a first flip-flop circuit receiving the trigger signal and 
receiving the alpha counter assembly carry-out 
signal, the first flip-flop circuit providing one out-
put signal in the high state in response to receiving 
the trigger signal in the high state and the alpha 
counter carry-out signal in the low state, the first 
flip-flop circuit output signal being switched to the 
low state in response to receiving the alpha counter 
assembly carry-out signal in the high state and the 
first flip-flop circuit output signal being switched to 
the low state in response to receiving the trigger 
signal in the low state; 

means receiving the trigger signal and the first flip-
flop circuit output signal and providing the up-
down enable signal received by the alpha counter 
assembly in the high state in response to receiving 
the trigger signal in the high state and providing the 
up-down enable signal received by the alpha 
counter assembly in the high state in response to 
receiving the first flip-flop circuit output signal in 
the high state; 
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a second flip-flop circuit receiving the trigger signal 
and the beta counter assembly carry-out signal, the 
second flip-flop circuit providing one output signal 
in the high state in response to receiving the trigger 
signal in the high state and the beta counter assem-
bly carry-out signal in the low state, the second 
flip-flop circuit output signal being switched to the 
low state in response to receiving the beta counter 
assembly carry-out signal in the high state and the 
second flip-flop circuit output signal being 
switched to the low state in response to receiving 
thc trigger signal in the low state; and 

means receiving the trigger signal and the second 
flip-flop circuit output signal and providing the 
up-down enable signal received by the beta counter 
assembly in thc high state in response to receiving 
the trigger signal in the high state and providing thc 
up-down enable signal received by the beta counter 
assembly in the high state in response to receiving 
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the second flip-flop circuit output signal in the high 
state. 

39. T h e apparatus of claim 38 defined further to 
include: 

a reset generator providing a reset signal; and means 
for connccting the reset signal to the first flip-flop 
circuit and to the second flip-flop circuit, the state 
of the output signal of the first flip-flop circuit 
being switched to the low state in response to re-
ceiving the reset signal in the high state and the 
state of the output signal of the second flip-flop 
circuit being switched to the low state in response 
to receiving the reset signal in the high state. 

. 40. The apparatus of claim 25 wherein the output 
indicator is defined further as providing an output indi-
cation wherein the sum of the alpha particle activity 
and the beta particle activity is proportional to the 
working level. 
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