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ABSTRACT

The Control Chart statistical methods, developed by Shewhart for
the control of quality of mgnufactured products, are applied to the ‘
control of Geiger-ifiller counting instruments. hporhmt- are reported
to show the use of the CGontrol Chart method for deteoting disturbances
in instrumental behavior and for detecting radicactive effects so weak
that they are near the limit of detection of the instruments. 4s a
corollary, the control chart can be used to reduce to its practical
1irit the time required for tests.
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CONTROL CHART METROD APPLIED T0 ERRORS IN RADIOACTIVE  COUNTING
Williss G. Schleoht
INTRODUCGTION

The study of weakly radiosctive rocks and minerals by the Section
of Chemistry and Physics of the Geological Survey has included deter-
minations of radiocactivity by Geiger-dfiller counters. Many of the
samples sxamined are so weakly radiocactive that their effect on a
ocounting instrument is of about the same sise as that of the surreund-
ings. The radicactivity to be determined thus may be near the natural
limit of precision of the instrument, which is imposed by the looal
background effect, Thers is alzo another serious source of errer in the
deteruinations; the ocounting apparatus itself is delicate and is subject
to many disturbances, some of them so subtle az to easily escape notice
unleses constantly watched for. It is therefore important that ne
precaution be overlooked that will help to aveid mistakes.

A series of experiments u&e in this laboratory shows that the
modern statistical methods developed by Dr. Walter A. Shewhart at
the Bell Telephone Laboratories are very useful for handling probdlems
arising from both of the sources of error mentioned, background
fluctuations and instrumental defects. The ContSol Chart method is
a practical approach both for indicating defective behgvior of the
counting instrument and for determining very weak radioactivisies,
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QUALITY CONTROL

The Shevhart methods were developed to provide an esoncmic basis
for sontrol of manufacturing and inspection of products used by She
American Telephone and Telegraph Company. They have been widely
sdopted in fndustry under the sponsorship of the War Department during
the second World War. The application of statistical methods to
Quality centrel has made possiblo an adequate and comprehensive
practical test of statistiocal theory. In mamufacturing processes,
operations and tests are repeated many thousands of times, providing

at no extra expsnse masses of dgta that oould mot be ccllected slsewhere;

ne one oould finance the repetition of experiments so many times unless
they were incidental to some economic process. The statistical methods
found practiocablo and dependable in contrel of manufactured product are
also uwseful in the interpretation of solentific experiments, because
the same basic problems are often inwolved. They are probless of
predicting, from past data, where future points would fall if there
were no change in the process,

The outstanding features distinguishing Shewhart's quality control
sethods from tho older statistioal methods are the grouping of obeerva-
Sions and the retention of their segquence. These are accomplished by
the ocontrel chart, in which suecessive groups of measurements, that is,
samples, are plotted in the ordor in which they were made. This gives
a test of the randomness of the fluctuations in results, which previous
nethods did not previde. Any patterns of regularities in the arrange-
nent of the points on the chart indicates that tho process is "out of

I
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comtrol,® that is, the voriations ars not reondom. If the varintions are
random, control limits can be caloulated, outside of which observations will
seldom fall unless the process is changed. This provides » sensitive test for
disturbances in the process. The most useful limits are the "taree~sigma®
limite; if a point falls cutside these control limits, the assamption that some
disturbance has taken place in the process will almost always be correct. The
randamness $est glves the other check oh control; the sppe=rance of sny pattern
or regularity os the chart shows that the process has changed.

Experisnce with statistical methods in industry has made us realise that the
ideas of absolute srecision and perfect certsinty are a particularly expensive--
and aleso nointlese-~form of uncompromisin: idealism. By spendin: enou-h time and

money we may greatly increase the precision of a measuring process ) { but there

J Before the lsst revolution in physics, it was considered thnt we might
in Shis way spproach as close as we please to the "true® value of a quantity; but
since actual constructive knowledge has deen deduced by recognising that there ia
s natural limit to precision in the description of a physical system, the idea of
parfectly axaot values of quantities wust de considered meaninzless.

18 a point beyond which 1% is not worthwhile to go. This degree of certainiy is
almost always that defined by the 35 limite; if we not ae if a point outside the
35 limit 45 assignadle teo a change in the procese, we shall seldom be wromg. It
ism's worthwhile to be any righter; we can't afford it.

The 3o limits aro empiriecal. They were chosen not becruse the chance of
excosding then is some particular value, but decruse they work best in przctice.
The adoption of this oplimwm conditionm, arrived at by experiemce, msy be thouzht
of as a definition of "prastical certaiaty.’ As long as the process is in contrel,
ve are "prastically certain' that a point will never fall outside the control limits;
Af it does, we are "practically certain® thad the evidence of a change in the
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process is significant. Although the caloulations are formally based on
the normal distribution, this rule of behavior holds for any distribution
likely to be me$ with in practlce.

Specific directions for making and using camtrnl charts are published
in two pamphlets by the Amerioan Standards Assooiation (1, 2); these and the
A. S. T, M. Manual on Preasentation of Data (3), Supplement B, contain a table
of fractors for computing control limits, The meaning of the procedure is
clearly and concisely described in an article by Colonei Simon (4). Tr. W.
Fdwards Deming has given a practical diecussion (5), and Dr, Ehewhart's pub-
lished lectures (6) give a more detailed and philosophical discussion of
(uality Control methods. Shewhart (7) and Simon (8) have written comprehensive
textbooks on the subject,

The Control Chart method is clearly described in the literature listed,
8o no attempt is made in thls report to give detailed directions for using
the method. It involves muoh computational labor, but this cannot be avoided
by any method if observations are to be fully utilized, to the limit of their
precision.

Useful as statiztical methods are, it cannot be too strongly emphasized
that they are nc substitute for technical knowledge and experience. Yhem an
instrument does not operate properly, themnch of a competent technician
may be far more efficlent than the soundest statistical methods in locating
the trouble, Nevertheless, they are a valuable aid to the technician who
understands the instrument; and insofar as they are based on common sense,

they can be of help to the untreined operator. The
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control chart does not usually suggest what ie wrong, but it does give
a sensitive indication that gsomething is wrong. Furthermore, it provides
a practical test of hypotheses az to what may be wrong.
CORTROL CHART FOR INSTHUMENTAL BEHAVYIOR

Statistical methods can te applied to errors of instrunents only if
the errors are random. it is often considered thai if the variations
in a measursment have the same distribution function as those following
a random law, the actual variations are random. The condition that
fluctuations have a frequency distribution like that of some random law
is necessary but not sufficient to establish their randomness, because
the frequency distribution is not a complete description of the random law.

The comparison of frequency distributions is thus an extremely
delicate method for detecting certain kinde of defects in instrumentss
an outstanding use of it has besn the application of interwal counters
to detection of spurious counts in GOeiger-i8ller counters (3, 10, 11).
If a counting tube gives spurious pulses, its frequency distribution for
& given source will show too many intervals containing high counts, or
too many short intervals between pulses. Thus if a counting tube does not
pass the test with an interval selector, it is defective. But a counter
that does pass this test is not necessarily free from all defects. Figure
1 shows run charts illustrating this point as applied to an experiment
with an interval selector. navis and Curtiss (Ref. 11, fig. 4) give
a curve for distribution of intervals between alpha-particle oounts in
an ionisation chamber, with a mean of 59 counts per second. Figure 1,

A shows a sequence of 50 one-second counts from a hypothetical random
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source following the Poisson law, and having & mean of 59 counts per
second., Such a péocoaa would have the distribution of intervals shown

in Tavis and Curtiss' curve, and the run chart gives no reason to question

its randomness. ligure 1, B and C shows sequences of counts having the
sane frequency curve as the random sanple, as shown by the histograme
on the right, They would give the same distribution of intervals, but
a counter showing such strange behavior in sequence of counts would
certainly call for further inveatigation.

A frequency-distribution comparison is not a gomplste teat for
randomness, because the sequence of the fluctustions ia discarded in
collecting together all the ooservations in a given size range. The
frequency test lacks the sssential condition to detect "runs™ or patierns
of regularity in the sequence.

"Run charts® are used in Quality Control to watch for patterns in
the sequence. An empirical rule somstimes found useful is (12) that
if as many as seven successive observations are all above the mean, all
below the mean, or successively increase or decrease without alternation,
the process 1s out of control. ‘This test is possibly too delicate, that
is, it may lead to suspicion of disturbances somewhat oftener than is
justified.

The important festurs of the Shewhart method is the use of a
control chart. Vbservations in sequence are grouped into samples, to
got an estimate of the dispersion about its mean of the unlimited

population of possible samples from which they were taken. The contrel

]
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limits are placed at a distance of three times this estimated standard
deviation on sither side of the central line. The estimate of the 3¢°
control limits for the sample means is made from the average value of
either the sample ranges or the sample standard deviations, Figure 2
is a control chart for 100 samnples of 4, of which the first 50 indivi-
dual counts ars shown in the run chart of figure 1A, taken from the
hypothetical random population with mean of 59, %t shows that the
estinated mean and control limits for the parent population of samples
are not determined exactly, but are estinated more precisely as the
numoer of samples inoreases,

A control chart is also made for the scatter or dispersion within
the samples, expressed sithar as range (difference of the sxtrems values
within a sample) or as sample standard deviation. The control charts
for ranges and standard deviations have been found more sensitive to
short-tine changes (changes within the subgroups) in the process than
the control chart for means.

CONTROL CHARTS FOR GEIGER~MULLER COUNTERS
Laboratory Rackground Counts

Experiments were made to see if the Control Chart method iz useful
for esticating the errors in leiger-ifiller counting apparatus, for .
detecting disturbances in the instrumente, and for detecting wesk radio-
activities with the spparatus. If the control chart shows that the
fluctustions in counts from a oonstant gource are random, statistical
formulas for error may legitimately ba applied., A sample point falling

outside the gontrol limita is an indication of & change in the process,
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and the instrument is not reliable until the cause of the disturbance
is vemoved. Finally, if a counter is known to be "in control" any
change in the conditions that will reproducibly throw it out of control
may be assumed to be the cause of the loss of control; so if a reck
specimen brought near the counter rssults in poihts outside the contrel
limits for standard conditions, it may be considered significantly
different in radioactivity from the standard.

For low counting rates; a constant background is a suitable
standard conditiony for high rates, control charts might be made for
oporation with a radioactive standard in the specimen hoidor.

The laboratory experiments were made with an A, C. operated scale-
of-eight counter, registering on Cenco High Voltage Impulse Counters.
The field counts wers made by gounding olicks heard in tha sarphones of
a battery-operated portable gamma-ray counter., Counts were made for
five-minute periods, |

Because of the limited data available, the groupings of observe~
tions were restricted to the smallest sized samples practicable, so as
to have as many points as possible on the control charte. Fer the
laboratory experiments each point on the co:;tml charts represents a
group (sample) of four observations, sach obaervation being a S-mimute
count; for the field observations each sample point represente a group
of three 5-minute counts. These are the smallest sample sises that
give significant results.
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Laboratory background counts

Figure 3 shows background counts with a gamma-rey eounting tube
containing organic vapor, made by the Geophysical Instrument Company
for use in the "Series G" portable counbox;. In opsration with the
1aboﬁtow scale-of-eight circuit, the counter was not shislded by the
brass tube used in the field work. Each point reprasents a sample of
four 5~-minute counts, reduced to counts per minute. The suocessive
points represent background counts taken on different days over a
2~1/2 months §eriod. The charts show satisfactory control; the control
1inits for samples 37 to 52 agree with those predicted by the previous
sanmples (see Appendix 1).

Figure 4 shows the control charts for background with a beta-particle
counting tube that changed its characteristics after some satisfactory
performance. It was a Herbach and Rademan window tube, Type GLB 20.
Each point represents a sample of four 5-minute counts, expressed in
counts per minute. The control chart shows how s point outside the
control limits gave warning of a changs in the mean background count and
in the control limits,

Figure 5 shows control charts for samples of four 5-minute back-
Fround oounts, in counts per minute, with another Herbach and Redeman
GLB 20 beta-counting window tube, taken over s 7-weeks period., The .
first 43 points represent samples taken on successive days; the later
samples were taken at the rate of 2 to 6 points each day. The apparatus
was in control, and the actual perforsance after the 45th sasple was
not significantly different from that predicted. This tube was used in
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the experiments on the detection of weak radicactivity, because of its
satisfactory record of control. Control charts for ranges and standard
deviations are both given, to show the close similerity in their behavior.
The range is much eimpler to calculate, and is just as good as the
standard deviation for indicating the state of control, Thes run chart
for these data is shown in figure 63 it shows no patterns or runs,
Eech of its points represants a single S-minute count, reduced to
counts per minute,

Field background counts

In the experience of the Ueological Survey, battery-operated field
counters have seldom given evidence of being in control, The batteries
run down and recever in irregular ways, and the instruments are not
equipped to maintain constant circult conditions. The instruments are
often moved from one location to another before enough background counts
can be made to establish control with a chart. If a counter is kept in
one place for many days, and is found to be in ocontrol, the control chart
method may be used to reduce the time needed for testing epecimens, or
to enable weaker specimens to be tested,

Pigure 7 shews control charts fer background from 219 5-minute counts
made by Kenneth Brill with a Series G portable field counter, kept at
one field station, over a period of 2-1/2 weeks. Hach point represents
the mean of a sample of three S-minute counts, expressed as counts in
five minutes,

The control chart shows no patterns, and enly three points actually
out sf control, but too many points are near and on the control limits.
Since the points look nearly in control, Mr. Rupert Uause suggested the '

10
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use of an unpublished method derived by him, for estimating the average
non-random variation in certain Army Ordnance test measurements, made
with inetruments subject to a drift in their sero reading or "blank.®
From estimates of the variation within the samples and of the set of
samples as a wholo, a coefficient is calculated that represents the
average non-random drift, so that a long-run estirate can bes made
of what part of the fluctuation is random (See Appendix 2).

For this field counter, (puse's test gives an estimate that about
Osh of the total fluotuation is non-random. Thus for this particular
inatrument and location, the mean background calculated from the
long-raun beshavior is at least as good an estimate as that of any
partioular subgroup of observations.

DETECTION OF WEAK RADIOACTIVITY
Choice of Aotion Limite

If a counting instrument is in control, the control chart method
oan be used to shorten the time required to test a specimen, or to
test weaker specimens than usual. Any mineral specimen that throws
the instrument out of control is practically certain to be radloactive,.
The definition of practical certainty may be modified to suit the
purposs of the test. The control limits are aotion limits, and the
chotoce of action limite depends on the purpose of the action. If we
wish to be rigﬁt the optimum number of times in testing specimens, we
adopt the 30 control limits for the criterion of practical certainty.
If we want to avoid any further examination of specimens that might

not be radioactive, as in searching for high grade ores, wider control
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1limits are used. More usually, if we are leoking for very weskly
redioactive materials, we may want to be sure that no sarmples are
discarded without further testing, if there is the least chance that
they pay be radicactive. Phen it is more important that no weak speci-
mants be overlooked than it is to waste time in repsating tests on some
non-radioactive specimens, narrower limits can be used., For example
with 20" limits, about 5 percent of the specimens chosen for further
testing will be non-radioactive.
Statistical Tests of Significance

In specimens too weak to give a point outside the background upper
control limit, the radioactivity may still be strong enough to give a
run of pointas above the mean. In principle, such weak radiomctivity
may be detected with practical certainty if encugh cbhservations are
made. The various refined statistical tests of significance msy be
applied to runs, but must be interpreted cautiously in view of their
limitations (ref. 13, pp. 137-8).

Fxamples

Uge of the control chart method to detect weak radioactivity is
11lustrated by some experiments made with the laboratory scale-of-eight
counter, using the beta-counting tube that gave the record of controlled
hackground fluctuations shown in figure 5. Between the background counts
shown on the control chart, counts were made by putting the specimens,
in a 30 ml besker, about 4 mn below the window of the vertically
mounted counting tube. Samples of four 5-minute counts were recorded,
taken on different days when possible.
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A specimen of river gravel was sorted into three fractions,
sceording to their mineral composition, by Robert L. Smith of the
fleological Survey. Counts were made to determine which of the fractions
is most radiosctive. The largest part, Praction B, weighing 108 grams,
was compared with an equal bulk of a standard mixture containing 0.17
o/o uranium; figure 8 shows this comparison along with background counts
made during the same period. The standard gave a mean of 11.8 counts
per minute above mean background count, so the factor ..%1%%.. = 0,004 S U
for each count per minute above baokground was used to calculate the
radioactivity of the specimen. Four of the six points for Fraction B
are above the upper background control limit, go it is certainly radio-
active; the mean isg 3.2 counts per minute above mean background count,
giving a radiocactivity equivalent to 3.2 x 0.014 = 0,04 % U.

The next largest fraction, C, weighed only 52 grams, zo it was
compared with an equal weight of fractiorm B, about equal to it in bulk.
As shown in figure 9, all the points for fraction C are inside the
background oontrol limits, so it is not certainly radiocactive. The
mean count for fraction C is 0.4 counts per minute above mean background;
a significance test euggested by Dr. W, Edwards Deming shows that the
difference is not certainly real. The control limits for the spescimen
are 1.7 counts per minute above and below the mean. The width of the
control limite for the five points is divided by the square root of 5,
giving control limits 0.75 counts per minute above and below its mean
for a sanple five times as large as that represented by each original
point, The mean background is inside thess control limits, so that the

13
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background is not certainly differsnt from the counts made on the
specimen, These control lirits are shown encloging the larger circle,
representing the lumped points, at the right of the control chart.

The effect from 52 grams of Traction B is certainly real, because
3 of the 5 points are above the upper background control limits. £f the
activity of lraction C, 0.4 counts per minute is real, it is only about
1/7 that of Fraction B, which is 2.8 counts per minute above background.

The smallest part, Fractior A, weighed 21 grams, and so was compared
with the same weight of Fraction B (with about the same bulk). 21 grans
of fraction C was glso tested. In figure 10, three of the five points
for fraction B are shown above the upper background control limits so
that its effasct 13 real even in a 2] gram portion. The mean effect is .
ahout 9_5;’:.2.. = 0,017 ¥ U for each count per minute above background.
Fraction A gives points all within the background control limits, but
it 3lmost passes the lumped control limit test; if a few more points
waere obtained that did not change the msan and control limits appre-
ciably, the difference of 0.9 counts per minute above background,
equivalent to 0.9 x 0,017 = 0.02 % U, could be considered significant.

As shown by the control charts, if Fraction A is radioactive, it
is more so than Fraction C whode mean difference from background, 0.6
counte per minute, is equivalant to 0.6 x 9.017 = 0.01 £ U. The contrel
1imite for Fraction C differ by 2.1 counts per ninute from its mean;
the number of points necessary to be sure that the mean of 0.6 counts
per minute above background is significant can be estimated by the
gondition that the width of the lumped control limits be less than 0.63

73
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% Z 06,80 n >(%:t)2=12.

Ab least 7 more peints would have to be obtained, gll consistent with the
sontrel limits and mean already found, to be practically certain that Fraction
€ is radloactive.

The comtrol chart method thus shows in which of the three fractions the
radicastivity of this small sample of gravel is concentrated, and also permits
a rough estimate of its activity teo be made. S5till more information can be
had if 48 is worth the time.

A simple rough tests of sigmificance of runs is illustrated in figure ll.
Control charts are shown for two specimens whose points are inside the back-
ground comtrol limite, but are all above a cortain level., We take the lowest
point of the rum and calculate the chance that a sample mean, from a normal
¢istridusion with the same mean and control limits as the background, will
excesd this lowest value., It 43 She area P under the normal curve and above
the given 1imis; and the chance that n suscessive points will all be above
the given limis 1s the n'® power of P. If PR 1s very small, it is unlikely
that the rwm 1is a background fluctuation. To correspond to the 35 limit for
a normal distribution, we may say that a run is certainly different from
background 1f P is smaller than 0,001,

Vive smmples of four S-minute counts were made with a slab of manganese
ore under the counter tube window, The control chart for sample means, in
counts per minute, shows that nome of the five points are below 10 counts per
ninube; the area of the background distribution curve above this level (14)
is P8 0.09. The chanse that the background will give such a run is therefore
not greater than P> = 105; so the differsnce is probably significent.

15
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Another set of five count samplss was made with a plaser specimen,
No. 492, under the tube window, The lowest point on ths centrol chart is
only 0.4 counte per minute abeve the background mean. The chance that a back-
gi-ound sample will excesd this value is P = 0.3, and so P5 3 0,003; the run is
not ocertainly different from backeround by this test. A few mere points would be

nesessary to settle the question,

SUMMARY

The examples siven show the advantages of the control chart method in plan-
aing for the optimum or most economical use of counting 'inutmunu, and in ex-
tracting the greatest possible amocunt of information from the observations.
When materials of fairly higch activity are to be tested, the desirable prosedure
is to use methods of greater sensitivity than the expected variations, With
weaker activities, this may not be possible because available instruments are not
sensitive envugh, or because it would take too long. Then the contrel chart method
nakes it possible to test as many specimens as poesible in a given time at pre-
determined lovels of certainty, or to test them with the optimum precision
that is ecenomically dssirable,
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arrmo‘ix l
Samrle caleulation confro| limits
Sam ’&s 0 s 4 G-mimufe cants, in counfs per minute .

For an examrlc we fest the limits, rnj:c{g,f 57 the )ﬁ,ﬁ 30 samf’e,
points on the confrol chart for the v~ Y‘a}« counfer ( f:} 3) ba/ w.{;ul,tf(n} the
means anJ com‘raf limi¢s yor {44 counts acfua/ly obseyved in Fhe next 13 sqm,[es
of . For the )("rsf series j’ 30 somple ro\'m&s, fhe mean is 3.50 counfs per minute
with wntrol limifs 57 472 an 2.&8/5 the  medp range s .69 with comfro| limits
3.85 and 0.

Observed means, last 13 samples of 4

5”?‘6 Observations Mean Ran’,o

Numbey X, X, X3 Xy Y R
37 44 3.0 3.§ Y4 3.90 Ly
39 34 'Y 3.4 2.§ 3.50 b
o 3.4 22 3.2 3.f 3.1% 1.6
i .Y ) 2.b %0 3.33 L4
3 3.6 .9 | Ha a2 3.45 2.0
Y 5.0 24 - 3.2 3.5 2-6

15 3.2 2.9 k2 ot 3.5 16

7 40 3.4 2.6 62 3.0 2b
"y 34 3.2 2.7 Xd 3.05 0.6
] 35 3.y 3.4 50 3.15 2.2

50 4.0 3.6 3¢ 2. 3.50 LY

5l 34 k4 )Y 12 3.45 -6

¥4 3.6 -6 3.0 3.4 315 l.o
Totals 13(45.20 DBlal
Means :;?-.: 54y K= 174

The o‘»‘ervel medns 4}:% :a{(,sfmftoﬂ'l?/ wﬂ‘ ﬂle rrclllbfe«l ohes.
Mean ' Predicted I Observed

3.50 3.4

l. 64 1.4

b3

Mean, X
Range, R
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Obsewved control limits, last I3 smr)u.](l(

Lovl(m? in tihe table in  Omerican War S’cmd#j Zl.2- 1141
{ vet. (, p %), we fcm{ that  Tor samrle siye 4,

Factor o i Factos tw o
Jome f fw

4
Facloys for 3
+8LE I.—FaAFTORS FOt COMPUTING Comi Cmuu' LINES—SMALL S.um.f!

Churt forfAveriges Chart for SMandard Degiat B ('hart for Ranges  ; 4
N Factor + | Faetor| . N
'\“:}b" Factoys for ! for I‘nﬂors_‘ r ' for Faetors for §
Obseryations Controlfl.imits ! Centrul Control Li Fns . | Central Control an?
in Line 3. o - | Line Y,
Sample, n I * ' v
ala|alola|n]laln]|laln]ln]|n|n
2.0 .1 212113.759 | 1.880 |0 5642 0 2.064 [} 3658 1.128 0 3.686 0 3 268
... 1.732 123941 1.023 0 7236 0 1048 0 26921168 0 4.358. 0 2534
/,}4.. Tl 1is00 | 1isso Q. 729} 0 7979 0 1.859 0 2.330 | 2.059 0 4.698 0 27282)
- 5. .. 1.342 | 1.596 [0.577 | 0.8407 0 1.789 0 2,128 | 2.326 0 1.418 0 2. 114
=
o 1.225 | 1 410 1 0 483 | 0.86%6 | 0 003 | 1.735 | 0.003 | 1.997 | 2.534 0 5078 0
1.934 1 1,277 10.419 1 08882 | 0.086 ] 3.690 | 0 097 | 1.903 { 2.704 | 0.205 kid

the tor Pr confro| lmibc Tor fhe means s A, = 0.729, anj
the fm r -confsl limts for the vanges are D3 =0 an
s Sk fr the vangee

Contre] limits )‘r the means:
- - LAl
T £ AR = 3.40% 07290174 = 347 (.27 = { o

Konéra’ limiés for the ranr.r :

Urrer contro| limit: DR = 220 17¢ = 3.47
Lower control lmit: D;R= ox 174 = 0

The observed contrel liwmits a7rce smﬁ'sfmfori {f with ﬂ.& rru{«'oéet! ones.

Control [imits for Prealidd OBser(m(

= by 2 4wy
Means, ¥ g.zs{ . ?.,'zl.lx

e 3.95 3.99
Bd" ) R 0 0
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APPENDIX 2, Gause's estimate of non-random drift.

An estimates of non-random drift in the sero-reasding of an instrument
is made from the control chart for mean sero-reading, by estirating a,
the fraoction of the fluctuation that is caused by non-random effects.

0 yz, a measure of the aversye fluctuation within samples of n
observations, can be estimated from the mean range R, It is an estimate
of the averaje randopm fluctuation, and its ratio to the average total
(random plus non-random) fluctuation, o-'; s Eives the fraction of the
total variation that is purely random,

For points each representing a sample of n observations, & y2 = —-B-Q—T

n dy
is calculated from the mean rangs R and the factor dy (found in Table 1
of refersnce 1, p. 50), as a measure of the random part of the fluctuation
of the points about the mean lins x.

d“':o the variance (standard deviation squared) of the sample
points ¥ about the mean line -:%, is taken as a measurs of the total
fluctuation, random and non-random.

Gause's estimate of the fraction of non-random fluctuation is
R
a = 1~ .2‘2 =1 T

- - - n

&2 57

21
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FRACTION C, 52g.

Figare 9. Feakly indiocactive river gravel, sesples of fouy D-mimute
exmts. 652 greas of Fraction ¢ compared with an equal smount of Fractios B,
piotted in counts per minute oa tha baskground comirol chart for means. B
is prastically certainly radicaative, whiie C 1s notg the nsan background
1ins falls inside the luped conty¥] limits for the five smmple msans of C,
token 35 2 single sample of B3t = 20,
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Figure 1. A vough test of significance of runs. Semples of four
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Srol chart for means. The shaded area P under the alatri~
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