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This paper will be presented at the Technical Meetings in
Cambridge on September 15th and 17th, 1953. It must not be
published prior to that date and, in any case, it must not be
published without the permission of the author.

RECENT BRITISH STUDIES -ON THE VARIABILITY OF
FERTILISERS

by G.F. New, Ph.D., F. Inst. P.

SUMMARY AND CONCLUSION

Owing to the increasing attention which is being given
everywhere to the production of food and, therefore, to the
provision of fertilisers, it is to be expected that government
regulations concerning composition and analyses will become
everywhere more detailed and more stringent. The British
fertiliser industry, through the Fertiliser Manufacturers
Assocliation Limited, recognising this probability some years
. ago, began in 1945 (a) investigations into the variations in

composition during the production over a number of weeks of a
particular straight fertiliser or a particular compound mixture
and (b) comparisons of analyses of an identical sample in
different laboratories. In 1949 a further series of tests .
was begun in which, following a recommendation of an F.M.A.
delegation which visited the United States and Canada in 1947,
analyses of a particular compound fertiliser were made in a
number of laboratories throughout the industry. In this
paper a description is given of the methods of procedure
gdopted in these series of investigations.

The conclusion reached up to the present is that on
account of (i) the real variation from time to time in ' the
composition of a mixture in continuous or batch production and
(ii) the differences in the analytical results obtained by
different laboratories using the same methods on the same
subject material, the limits of variation hitherto allowed in
British Regulations under the Fertilisers and Feeding Stuffs
Act need widening. "
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ORGANISATION OF 'THE INVESTIGATION
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ofthe~Council of the Fertiliser Manufacturers .Assoclation Limited,
working through their Fertilisers and Teedlng. Stuffs Act Committes

" under the chairmanship of Mr. W.G.T. Packard. L

 STATISTICAL INVESTIGATIONS ON FACTORY PRODUCTION

The statlstlical studies have been designed, and their results

‘collated and reported on by statisticlans, Mr. W.L. Stevens, whoseo

services were lent to the Associatlon by Messrs.Imperial Chemical
Industries Limited in 1945, Mr. D.V. Lindley of the Mathematics
Division of the National Physical Laboratory, in 1948, and Mr. J.G.

Hayes of that Department from 1949 onwards.

‘_iInLthé'fdllowing‘description of what has béen done the words

of these statisticlans have been used wherever possible.

The 1nvesﬁigations fail Into four classes as follows:- ‘

1. Tests on powdered superphosphate.

Four firms co-operated in.ecarrying out a sampling schemse
according to the Instructions drawn up by Mr. W.L. Stevens in
April 1946. In all cases. the superphosphate was sampled from bags
which were ready for sale and distribution. In order to study the
connection between variability of the sample and the size of the
consignment the samples were drawn from:-

(a) one_baémét a time
(b)ujﬁiva_conseou£1VG‘bags at a time
(c)“”tWehtﬁ-fivévcbnéeéutive-bags at a tima{

They were taken at random times In .the morning and in the afternocn
of one day In each of four weeks, by means of a spear, the separatc>'
portions thus taken from each of the groups (b) and (c) being
thoroughly mixed and a sample of 2 to 4 1lbs. drawn from the mix~
ture. Each sample was duplicated, one set being analysed in one
firm's laboratory and the other sent to a second firm who recip-
rocated by sendling their duplicate set in return. Thus 48 analyses
were obtalned. for each firm's product. o : : :

From this first test 1t was established that: ‘ ,
(1) The greater part of the variability in the composition of the
fertillser was caused by the variation in the percentage of P50g
actually present in the material in the bags at the time of
sampling. - ‘ ' B . o
(2) A second major cause of variability of results arose from
variations in the chemlcal analysis of each sample. Thils variation
was of two sorts. Firstly there was, in one case, a definite bias
between two different laboratories so that one consistently quoted
a percentage compositlon lower than the other. Secondly there was
the atcuracy of analysls, 1.e. the amount of variation In any
laboratory.
(3) The sampling arror was neglible in comparison with these two
errors. Furthermore the more complicated methods of sampling in
which samples of flve and twenty-five bags were compounded pro-
duced no reduction in the overall variability and can therefore
be regarded as unnecessary, and future investigatlions used the
simplest sampling method.
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2. Tests on powdered superphosphate and powdered compound
fertilisers from a. larger number of factories.

Eight firms took gsamples of thelr superphosphate and seven
firms of their powdered compound. Again the samples. werectaken
from bags ready for  sale and distribution, each being drawn from
a single bag at a tlme and on a day chosen at random ence during
each of eight weeks. A spear was employed except 1n one lnstance
when coning was used. Each sample was duplicated, one set being
analysed in one laboratory and the other in another laboratory.
Thus 16 analyses were obtained for each firm for each of the con-
stltuents, soluble and lnsoluble P205 as well as, In the compounds,
N and K50,

The instructions were drawn up by D.V. Lindley and read as
follows: =

"(a) The method of sampling.

"Two samples are taken once a week for elght weeks..These

- would normally be eight consecutive weeks but it 1s of no conse-
guence 1f, as a result of shut-downs in packlng, the weeks are -
not consecutive. The time of sampling 1s chosen at random in each
week, in a way explained below. At the designated tlme of sampling,
two consecutive bags of fertiliser are taken from the packing line.
These must be consecutive in the sense that one is filled irmed-
iately after the other from the same fllling apparatus or same
belt or same automatic welghing machine, according to the circum-
stances. The point of sampling can be left to the judgement of

the manufacturer, to suit hls own convenience provided all thesev
requirements are, satisfied. _

A sample from 2 1bs to 4 1bs in weight is drawn from each
bag by means’' of a spear.

"The samples are put in canisters labelled A and B respect-
ively. The label must also indicate date and tlme of sampling,
type of spear used, name of product and name of manufacturer.
Other relevant information could usefully be added, such as the
filling apparatus used. Rather give too much information than too
little. -

"(b) Method of assuring random sampling.

"In order to achleve the aim of random sampling, a series
of randomly chosen days and times 1s given below. Thls gives a
day, morning or afternoon, and hours and minutes from the begln-
ning of the morning or afternoon work, as shown 1n Table I.

(Extract from) TABLE I

Th. m 0:45 ‘F. a 0:15 Tu. a 1:00
w. m 2:15 Wem 3:15 F. a 1l:45
' M. & 3:30 Tu.a 1:45 . M. &a 0:45
| Fo a 0:30 ‘Me m 0:00 Tue m 1:15
i Tue m 1345 M. & 0:30 Fe m 0:15
M. = Monday  m = morning
Tu. = Tuesday a = afternoon
W. s Wednesday : -
The = Thursday
. - Friday

"If any indicated day is impossible, ignore the entry and
go on to the next. If any indlcated time 1is impossible, add or
subtract two hours. The table may be interpreted quite freely in
order to obtaln times to sult the factory routlne.
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"In some factories, packing 1s. carried on at irregular inter-
vals. In such caseés the selection of the time of sampling each week
can be left to the person in charge, as long as he does not adopt
any systematic plan, such as always sampling -n the same day or at
the same time, or at the beglinning of each batch of production. The
ldea of a "snap" sample at a randomly chosen moment is probably
familiar to most chemists and it is unnecessary to make these in-
structlons more precise. '

"In some factories, packing takes place through a number of
automatlc machines, filling apparatus or belts as the case may be.
It 1s important that all polnts of supply should be represented in
the final data. Thus, If there are four machines filling bags, they
should be sampled in turn over the -eight weeks:-~ 1,2,3,4,1,2,3,4;
this should be indicated on the canlster label.,

"(c) Chemlcal analysis.

"The method of analysis should be one of those quoted in the
Regulations to the Fertilisers and Feeding Stuffs Act, 1926,
(Statutory Rules and Orders 1932, No. 658). In order to keep the
quantity of work within bounds, duplicate analyses are not requested
A slngle determination of each sample wlll be sufficient. It is..
antlcipated, nevertheless, that some laboratories will follow their
usual cuatom and meke duplicate analyses. When this is done, the

.

results of the two determinations should be forwarded for statis- =

tical examination. The data forwarded should be complete. If, for
example, comparison between duplicates reveals a gross error, and a
third analysis is made, the results for all three analyses should be
sent, with a note to the effect that a gross error has been sus-
pected. All information of this kind 1s of value, although, in order
to economise the time of the analyst as mich as possible, he is not
asked to carry out the analyses in duplicate. To provide an oppor-
tunity of checking anomalous results 1t is advlisable to keep a -
portion of each sample until the survey ls complete.

"It is better, in recording the results of chemical analysis,
to glve too many 'significant! filgures than too few. The last
figure should not be rounded off, even if the analyst does not
think 1%t is worth very much. The accuracy will in any case be
determined by the statistical analyses, and the extra computational
labour occasioned by the extra diglt, 1s negligible. This sug="
gestlon 1s offered because it sometimes happens that the chemical -
analysls 1s more accurate than is supposed, 1in which case the
rounding=-off of the last digit may appreclably diminish the ac-
curacy of the data.

"The analyst's report should contaln all the information on
the canlster labels, together with the results of all the analyses
and the type of analysis used. The results of the elght~weeks!
survey of each product should be forwarded together at the com--
pletion of the work." : - ' S

Results of thig SGCOnd'series of tests. The following'”
quotatlons are taken from the report of J.G, Hayes in September
1949, the tables quoted dealing malinly with soluble PoOx .

"(1) Variation in Composition.

"The variations in composition given in Tables IT and IIT in
the results for soluble Po0g are reasonably consistent from firm
to firm both in the superphosphate and in the compounds. The results
for the other constituents show variations In composition that are
not so consistent from firm to firm. That ls, the variation in
composition has distinct differences among the various firms.-
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of perceptage of total bulk (1ike the chemlcal analyses).
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NOTES ON TABLES II AND III

The varlations are given as standard deviations 1n unlts

The . effect of the analytical bias has been removed from
the variations._

The enalytical bias given 1s the estimate of the amount
by which the analyst given first gives an average result greater
than the analyst given second.

TABLE IT

~ Summary of Superphosphate Results - Soluble PgOg

The analytical biasg is also given as a percentage of
total bulk. .

Firm H participated only as an analyst

Variation TAnalytlcal |Total f
Manu - . in + sampling | Varlation|
- facturer| Analysts | composition| Analytical|variatlon (standard’
(standard bias (standard deviation]
deviation) deviation)

I I & II 0.16 - 0.15 . 0.22 |
. . 1
IT I & II 0.21 - - 0.06 0.22 |
CIIT | III & IV 0.12 4 0.35) 0.24 C0.27 |

v III & Iv 0.20 "4 0.30) 0.09 0.22
v V & VI 0.19 4 0.24) 0.08 0.21 :

’ s + 0419 s e

VI -V & VI 0.30 4 0.15) 0.07 0.31

VIT | VII & VIII| 0.20 “ 0.19 0.27

VIII |VII & VIII| 0.21 - 0.22 0.30

TABLE III
Sumiary of Powdered Compound Results - Soluble Po0Osg
‘ Varlation | i Analytical | Total
Manu in Analytical | +sampling | variation |
facturer | Analysts | composition blas variatlion (standard
w ' (standard ~ (standard deviatiomf
deviation) ‘deviation)
| ' . ‘ |
A A &B 0.17 +0.04) 0.05 0.18 :
B A& B 022 +0.08) 0,08 0.24 L
c C&D 0.27" - 0.20 0.34 |
D C &D 0.20 - 0.12 0.24 |
E C &R 0.11 0,31 0.23 0.25 |
F E&F 0.18 +0427 0.17 0.25 :
G C&H * 0430 ~0436 0.17 0.34 i
‘ *
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er differing consistently from i1ts
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The total variations in this case also are not very consistent.
The average tolerances, as we have called them, are:

Pine, 0.93; Guaranteed, 1.39

"(iv) Further Notes on Tolerances

"The two tolerances which have been given for each constituent
have been called 'fine! and 'guaranteed'. This was the nomenclature
introduced by Mr. Stevens and the multiples of our standard devi-
ation that have been used to obtain these are the simple multiplcs
two and three respectively. These are such that, 1f the distrib-
ution of results we are concerned with is what is called "normal",
only about one in twenty and one in four hundred bags. respectively .
will give an analytical result lying out side these two limits
from the mean content of the whole period's production. There.is
no reason to believe that our distribution does depart very far
from "normelity" and so the proportions gquoted should be at least
of the right order. It is presumably the 'guaranteed! tolerances
which are of Importance, since the incldence of failure to meet
the !'fine! tolerances is fairly high, and it 1s probable that Nr.
Stevens was alming at a one in a hundred proportion of failure for
the 'guaranteed'! limits, which 1s often used, but used the miltiple,
three, to give ample allowance for any departure from normality
of our distribution. :

‘WDhe British Statutory Rules and Orders 1932, No.658 gives
limits of variation for the composition of compound fertllisers
which vary with the percentage content clalmed for the fertilisers.
There has been no evidence in this Investigation, however, that
the amount of variation iIn the fertiliser is any smaller for lower
percentage contents. The limits given in Table IV should conse-
quently be taken as referring to all the fertilisers, no matter
what thelr content. ‘ :

“(v) Summary .

"The figures for variation in content and for total variation
for content of soluble B 05 in both superphosphate and powdered
compounds show no distinct differences among the different filrms.
Those for all other constituents, however, do show real differences.

"The analyticai variation varies from analyst to analyst.

"There is, moreover, evidence of almost universal 'blas'
coming into the chemlcal analyses. o

"The 'fine! and 'guaranteed' tolerances given are such that
only a small proportion of bags (of the order of one in twenty
and one in four hundred respectively) will give chemlcal analyses
which lie outside these distances on either slde of the mean
content of a period's production.”

3. Tests to Determine Whether in an Investigation on Granular
 Fertiliser Products Sampling by Spear is Adequate.

A preliminary experiment was designed to compare sampling by
spear with sampling by coning and quartering and was carried out
in a number of co-operating factorles. The same general procedure
2s had been used Iin earlier series of experiments was followed,
except that all the analyses were made by one laboratory. The
opportunity was taken in these tests to compare the variabillty
of granular fertilisers made by contlnuous rotary mixing with the
variabllity of the product of batch mixing, and also %o compare
the variation in sampling from one bag with that obtalned 1n
sampling from nine bags at each time., The following conclusions
were reached: . ‘ ’ '
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(a) There was a'slight bias in samples obtailned by spear as
compared with those from coning and quartering. The mean bilas
amount to: - '
+0.03% P05
-0.09% Nitrogen
- =0.06% Ko0

(b)  The variability of the product of contimious mixing was
greater than that of material made in batches. :

(¢) = Bag to bag variation, i.e. variability over a few conse-
cutlve bags, in granular compounds is not negligible as it was in
powdered compounds, sampling from one bag giving an appreclably
greater variabllity than sampling from nine bags fori soluble

- On the basis of theseresults the main series of tests on
gramular fertilisers was designed, the samples being drawn by
coning and quartering, and material being taken from one bag only
at each time and place. :

4. v General Statistical Investigation of Analyses - '( ,. 7‘
of Granular Fertilisers IR -

.+ In January 1951 a general series of tests on granular coumpound
fertilisers was begun on the lines indicated above, i.e. a random
time schedule, the use of coning and quartering to derive duplicate
samples from a single bag on each occaslon, samples drawn once in
each of eight weeks, the "A" set of duplicates being analysed in
the producer's laboratory and the "B" set in a laeboratory of another
co-operating manufacturer. Twenty-three firms took samples of
thelr granulaer fertiliser, each deciding itself which particular
compound formulation 1t would use. In order to obtain more inform-
atlon about analytical bias, the "A" and "B" sets of samples were
not exchanged between pairs of Works but the "B" samples from sach
firm were sent to an analytical laboratory other than that of the
firm from whom a set of "B" samples was received.

Results for Soluble P205

The individual numerical results for the twénty-three firms
which have taken part in thils survey are given in Table V.

TABLE V
lManu - Analysts [Variatlon in[ Analytical Anelytical]Total .
facturer true compo~- | Blas variation Yariabiliﬁy
: S (standard | (standard
Fégéég%f%n) » deviation)|deviation)
1 1,8 0.16 e QeR7 0432
. 2 11,2 0413 0,16 0.21
3 3,1 0.14 0.34 1 0.14 | 0420
4 4,18 0,29 ~0.20 - 0.12 0.32 .
5 5,15 0.10 "'0016 O.lO 0014'
7 7,17 0.15 0.25 0.29
8 8,14 0.17 ~0440 0425 - 0430
9 9,13 0.16 0.20 0412 0420
10 10,16 0.17 _ 0.12 0.21
11 11,10 0.30 0.15 0434
12 12,4 0.16 0.23 1 0488




; s
TABLE V (Contd.) '

Manu=- Analysts| Variation in{Analyticall Analytical|Total
facturer true compo- Blas variation |variability
Pi&%q? (standard |(standard
aexgaiﬁgn) : - deviation) [deviation)
15 15,3 0.33 ~0.28 - 0.09 0.34
16 16,7 0.33 0.15 0.36
17 - 17,12 0453 0.18 0.56
20 20 SR (0.58)
21 24,9 0.70 ~0.05 0404 070
22 8,4 1,09 - 0.18 1.10
23 | 25,7 ~0.86 0435 0.27
hAver&ge" . ' N
(Le0sro0t , 0.37 0.18 0.42
tean  $q. ) : '
"Average" : '
omitting - 022 ‘ 0.19 0.29
17,21,22 | ‘ .

NOTE: (=) The variations are given as standard deviations in units
- of percentage of total bulk.

(b) The effect of the analytical bias has been removed from
- the variations.

(c)- The analyticél bias glven 1s the estimate of the amount
by which the analyst glven first gives an average -
result greater than the analyst given second.

(d) The analytical bias is also given as a percentage of
total bulk. -

~(e) Dashes in the columns for variation in composition
indicate that the estimate of the total varlation has
proved to be less than the estimate of one of 1ts
component parts, the analytical variation. All that
can be saild in these cases about the variation in
composition is that it is small compared with the
analytical variation. ’

(f) Complete results for firm 20 have been received from
only one analyst. The figure in the last column for
this firm has been obtained only from these results
and has been omitted in calculating tolerances.

The cbnclusions,given by J.G. Hayes, August 1952; fééd»éé>.
follows:- NI ' T '

"The various firms differ conslderably amongst themselves
both in variation in the true composition of the fertillser and
in analytical variation, and consequently also in the total
variletion.

These variations are all much greater on the average for KgO
than for the other constltuents.

There 1s evidence of a consistent "bias" coming into the
chemical analyses of many of the analysts. Thls is also generally
much larger for Kp0 than for the other constituents.



Since some firms can produce5féftiliser which 1s much less
varlable than others, 1t i1s not possible to lay down limits of
variations which are really satisfactory for all the flrms at
once, - : ‘

Limits have nevertheless been calculated using an average
value for the total variation, and these are given in Table VI.
Some firms, however, will not be able conslstently to meet these
limits, while others will be able to produce conslstently well
within them.

These limlts are appreciably larger than the corresponding
earlier ones for powdered compounds. Mich of this appears to be
. due, for each constituent, to a few firms having much greatér
- varlabllity than the others. If these firms are omitted, the
limits of variation (also given in Table VI) are then only-
slightly greater than the ones for powdered compounds. -This
does not apply, however, to content of K50, which is st1ll much
more variable than previously. '

The "fine" and "guaranteed" tolerances, or limits of
variation, given are such that only a small proportion of bags
(of the order of one in twenty and one iIn four hundred respect-
ively) will give chemical analyses which 1lle outside these
distances on elther side of the mean content of a period's -
production. o

‘ Some difflculty willl, however, be encountered in determining
this mean content, in order to stamp it on the bags, 1f an analyt-
lcal bias is Involved as large as some of those which have besn
observed. C

TABLE VI

Tolerances (in percentages of total bulk)
in granular compounds.

N, Sol. P205 Insol. P205 R KQO ‘
Fine C 10475 | 0.83 0.71 1 1.24
Guaranteed. 1.12 1 - l.25 - 1,06 1.87

As above,omitting some results which showed
obvious inaccuracies.

Fine 0459 0.58 17 0.54 0.94
Guaranteed 0.88 0.87 0.81 1.40
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~ PART II

ROUTINE CHECK ANALYSIS SCHEME

 An F.M.A. delegation (Messrs D.J. Bird, E.P. Hudson,
A.E. Sell, A.T. Vernon) which visited the U.S.A. in 1947
~ reported as follows:~ - : :

"An interesting recent development 1s the Analytical Check.
Service by which State Analytical Laboratorles and PFertiliser
Manufacturers are able by regular routine analysis of standard
samples to check thelr methods of analysis and possible analyt- -
ical error. :

At regular periods a standard sample prepared by an external
commercial laboratory is sent to all subscribers for analysis;
the results are sent back to the laboratory for tabulatlon and
circulation. By this means consistent plus or minus varlations
. from stendard provide an indicator of differences In analytical
technique or method and enable corrections to be made.

It is a service which might well be operated to advantage
in Britaln and it is recommended that the F.M.A. should consider
..the possibility of initiating such a gervice amongst its own
members."

The Council of the F.M.A. adopted the recommendation and
Messrs G. Taylor and J.H. Hamence of Dr. Rernard Dyer and Partners
(1948) Limited have been slnce 1949 periodically preparing and
despatching to members of the Association test samples, seven
different materials having been sent out up to date. All results
are assembled and clrculeted under a code letter so that the
extent of the variation can be seen by all members of the Assoc-
fation. The first samples were, on the suggestion of Mr. Taylor
and Dr. Hamence, sent out in the form of liquids, l.e. water
solutions contalning soluble nitrogen, phosphoric acid and
potash. By thls means some assessment was irmmediately obtained
of the methods of analysls 1n use.

Eighteen laboratories analysed the first sample sent out
and the number has increased progressively to twenty-nine analys-
ing the seventh. The compositionsof the samples are glven in
Table VII. v _ ‘ :
TABLE VII

¢CcoMPOSITIOLN

Date Nitrogen |[Soluble Tnsoluble |Total lPotash.

~ des- Phosphoric | Phosphoric| Phosphorl
Sample| patched. Acld. Acid. Acld.
% % % % %
1 16.5.49 | 3.23 | 5.60 : 5.03
2. 9.49| 3.02 | 4.90 - | 4.18
3. 26.5.950 calciun phosphate 44,80
4(dry){ 21.9.50| 7.30 | 8.25 0.55 1 8.80 8.15
5 " | 8.5.51 7410 6.25 0.65 | 6,90 }11l.25
6 " |27.12.51. 9.50 | 4410 0.65 4,75 8.85
7 0 |15,9.52 6485 9.30 9,90 18‘88%
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The primary purpose of the Routine Check Analysis Scheme is
to enable laboratories to assess the accuracy of their work by
reldtion to the results obtained elsewhere and thus to obtailn,
where necessary, a stimulus towards improvement. An lmprovement
has in fact taken place, mogt noticeably in the elimination of
wild or exceptional results. The standard deviation between the
laboratories in each set was worked out by Mr. W. Spendley of
Imperial Chemical Industries Limited, for the first five tests

and his conclusions are given in Teble VIII.

TABLE VIII
Set : Nature of 1 Component ' S.D.. #*
. Sample » - [between Labs.
l. (17 labs.) - Solution N )
| Po0g )
K50 ) N 0.06
) |Po0g 0.7
) K0 0.32
2. (29 labs.) Solution N )
. P05 )
K_0 )
3. (27 labs.) Solid ' ‘
calcium Total P50g : 0.39
phosphate
4, (28 lahs.) Solid N ' . 0.24
c e Soluble PoOg N ¢ o
Insol. P205 0.20
Total ' ‘ ‘
P50s - 0.26
5. (28 labs.) Solid | W | 0.16
; _ Soluble PoOg 0.24
Insol. P205 0.20
Total .
Kzo A 0.47

# Excluding obviously exceptional results and giving
each Laboratory -equal weight.

6. (28 labs;) Solid [ T e 0441
Soluble PgOg 0.15
Insol. Pp0s :
.Total :
Po0g L 0.19
K50 0.36
7. (30 labs.) So0lid - N ' _ 0.22
o | Omittling one lab. 0.16
Soluble Py0gdirect |- 0,16
Molybdate " 0.17
Omitting one lab., | . 0.09
Qulnoline method 0.16
Total Po0gdirect 0.16
Qulneline method
omitting one lab. | 0.12
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TABLE VIII(coht.)

Set Nature of Sample | Component S.D.
between Labs.

7. continued.
(30 labs.) Solid KoO Perrins method

omitting one lab. 0.22
Modified perchloraty
' method omitting two 0.35
: labs.

The following are the conclusions which may be drawn fromn,
or: older truths which are emphasised by, the results of the Routine
Check Analysis Scheme up to the present:

(1) Laboratories which participate become more alert for sources
of error.

(2) More detailed and closer specification of methods produces &
better agreement in the results obtalned from a number of
laboratories with one sample.

(3) New methods, or modifications of old methods can be studied
systematically and on a comparative basis with older methods
to give an "industry" as contrasted with an individual
assessment of comparative utility.

(4) An analytical result of the type dealt with can only be
regarded as the best obtainable under the conditions ruling
and all are subject to probable errors.



