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PREFACE

This volume continues the account of the Aslib-Cranfield project as given
in the "Final Report of the First Stage of an Investigation into the Comparative
Efficiency of Indexing Systems". The major portion of the two years spent on
thia present stage has been involved with the analysis of the considerable amount
of data which was obtained from the main test programme. A difficulty in this
work was in deciding on the type of analysis which would be most likely to yield
valuable informstion. In order to keep this volume within reasonable limits, it
has been necessary to select from the analysis that was done, and even so in many
cases only brief examples are given. The major emphasis has been placed on
the reasons for failure to retrieve source documents, for this is considered to
give some of the most interesting results of the project and has not, to our
knowledge, been previously attemptied. Of possible equal importance, but certainly
more difficult to evaluate, is the reason for the retrieval of non~relevant references.
This analysis has not been attempted within the present work, but will be one of the

matiers to be investigated in the continuation of the project.,

The interest in this work has been widespread, and a large number of people
either personally or in correspondence, have made many interesting and useful
comments, To all these, as well as many others who have taken an active part in
the work, I would acknowledge my debt, In particular, however, I would express
my sincere thanks to the National Sclence Foundation for their support which alone
made the project possible, and in particular to Dr, B. Adkinson and Mrg. Helen
Brownson for their co~operation, advice and encouragement. I am also indebied to
the Principal and Senate of The College of Aeronantics for their permission for the
work to be undertaken at Cranfield and to Mr. L. Wilson, Director of Aslib, for

coping so admirably with the administration of the project.

Cranfield, Sepiember 1962. Cyril W. Cleverdon.
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CHAPTER 1

INTRODUCTION

In July, 1957, the National Science Foundation awarded a grant to Aslib
{Association of Special Libraries and Information Bureaux)} for an investigation
to be made into the comparative efficiency of four indexing systems. The work
wags to be undertaken at the College of Aeronautics, Cranfield, under the direction
of the Librarian, Mr, Cyril Cleverdon. The grant was to cover the first stage’
of the investigation which consisted of the preparation of four separate indexes,
for which 18,000 documents were indexed by the Universal Decimal Classification,
an alphabetical subject index, a special facet classification and the Uniterm system
of co-ordinaie indexing. Various conirols were included in the work, and these,
which are discuased in detail in the Report on the First Stage {(Ref. 1}, may be
summarised as follows: -
1. Indexing staff were selected for their different experience
2. The time for indexing each document was strictly controlled and
varied from 16 minutes to 2 minutes
3. Working with batches of 100 documents, the documents in each
group were divided equally between
{a} Papers dealing with high speed aerodynamics and
general aeronautical subjects
{b) Research ‘reports and periodical articles
{c} American papers and papers from other couniries.
4. A compiete cycle of indexing variables covered 6,000 documents,
and by repeating this sub-programme three times, there was the

possibility of assessing the learning factor,

To permii testing to be done, it was necessary to compile the indexes in a
physical form that could be used in searching. The methods used were
conventional card catalogues for U.D,C., Alphabetical and Facet and aspect
cards posted with document numbers for Uniterm. The reasons for these
decigions are explained in detail in Reference 1, and here it is only necessary
to re-emphasise that the investigation was not basically concerned with the
physical form of the indexes but concentrated on the characteristics and

performance of the descriptor languages,



The three individuals concerned with ihe indexing wers Mr. J. Sharp,
Misse B. Warburton and Mr. §. Hadlow. Mr. Sharp was a Fellow of the Library
Association and had previous experience both ag regards indexing and as regards
the subject matier, since he had been a technical librarian with s large alrcraft
firm. Miss Warburton, an Asscociate of the Library Association had previous
indexing experience as Librarian of ihe United Steel Co. Lid., but the subject
field was new for her., Mr. Hadlow had joined the project staff direct from work
in a public library, and thersfore had no previcus experience of the iype of

indexing involved, nor of the subject field.

Mr. Sharp left the staff at the completion of the indexing and took no part in
the testing. Mr. Hadlow joined the staff of the library of the College of
Aesvonautice and was able to do some testing until his resignation in February,
1861. Miss Warburion, who remained on the project staff wnill her marriags
in July, 18681, and reforned afterwards on g part-time basis, did much of the
testing and was responsible for most of the analysis described in Chapter 5.
Mra. J. Aitchison joined the staff in May 1961, and took part in the third round
of testing and assisted with the analysis. She was also mainly concerned with
the work involved in the test on the W. R.U. index described in Chapter 7.
Other testing was done by the Director and Miss A.Scott of the College Library
gtaff. In addition five graduaile siudents of the College, 14. A.Ashmore, R.N.,
Mr. W. Elder, Fli. Li. E.J. Whitehead, Fli{.Li. B.Jewell and Mr. P. Young,
spent periods of from six to ten weeks making searches during the summer

vacation of 1880,

An Advisory Commiites consisting of Mr. B.C. Vickery, Deputy Director
of the National Lending Library, Mr. J. Parradane, Information Officer, Tate
& Livle Ltd, , Mr. R.C,Wright, Librarian,Royal Aircraft Eagtablishment, ‘
#Mr. R.A. Fairthorne, Royal Aircraft Establishment and Mr., C.W.Hanson, Aslib,

met on 2 number of sceagions to discuss the progrese of the work.

The Report on the Pirst Siage of the Investigation {Reference 1}, deals with
all aspects concerning the indexing of the documents and the preparation of the
four indexes. It includes n number of tables relating to this stage of the project,
but Tables 1.1, 1.2, 1.3 and 1.4 are repeated here in that they have a particular

bearing on the matters considered in this report.



U.D.C. 4052
2350

ALPHA 2864
1560

592

FACET 1686
®UNITERM 3174

headings in alphabetical index

different notational eiements

main headings
see references

subheadings
notational elements

terms

* {including 607 Proper names and 287 numbers)

TABLE 1.1

NUMBER OF HEADINGS OR NOTATIONAL TLEMENTS

USED DURING THE INDEXING PROGRAMME




indexer A U.n.C. ALPHABETICAL FACET UMIT
Main Sub
Total FElements Total Headings Headings Total FElements

16 minutes 2317 1307 1371 870 831 878 3413 4813

12 minuies 1544 1075 1102 BEY 879 725 2534 3885
8 minutes 1571 11089 1084 807 382 844 2283 3844
4 minutes 1338 282 290 801 834 559 1888 3378
2 minutes 1142 926 904 885 748 585 1719 30586

Indexer B

18 minutes 2348 18458 2120 1417 1047 587 2908 5581

12 minutes 1868 1430 1244 847 918 8682 2831 4691
8 minutes 1434 1254 1248 902 880 569 2241 4083
4 minutes 1108 110% 871 783 554 578 1821 3150
2 minutes 947 058 734 649 537 458 1274 2850

Indexer C

18 minutes 2783 1897 2068 1523 1180 841 3278 4484

12 minutes 2479 1768 1840 1344 1080 789 3154 3848
8 minutes 1764 1484 1494 1088 851 818 2078 3084
4 minutes 1829 1287 1195 815 728 477 1882 2781
2 minytes 1074 1013 883 740 568 426 1351 2311

TABLE 1.2

TOTAL POSTINGS FOR DIFFERENT TIME
ALLOWANCES DURING FINAL S5UB-
PROGRAMME

Note: The columns "Total” represent the
number of cards required by the
indexer to be put in the catalogues.
For U.D.C. and Facet the column
"Elements" represents the number
of different notational slements
which were actually used. In
Alphabetical, "Main Headings" and
"Sub-Headings" represent the
different headings which were
actually used.

o
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Time u.n.C. ALPHA. FACET UNITERM
min;l:es Report Jnl. Report Jnl. Repprt  Jul. Report Jnl.
i8 8.1 7.6 8.0 4.% 1.8 1.7 11.8 11.0
12 8.5 4.4 4.5 3.8 1.9 1.7 9.5 8.4
8 4.7 3.2 3.0 2.7 1.9 1.8 8.6 7.3
4 3.7 2.8 2.6 2.2 1.3 1.3 10.4 8.5
2 2.8 2.3 2.2 2.2 1.2 1.2 7.2 6.0
Average 5.4 4.1 3.6 3.2 1.6 1.5 9.5 B2

TABLE 1.3

AVERAGE POSTINGS PER DOCUMENT FOR REPORTS
AND JOURNAIL, ARTICLES
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TABLE 1.4

AVERAGE POSTINGS BY SERIES AND JOURNALS
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CHAPTER 2

MAIN TEST PROGRAMME

The basic reqguirement for the test programme was to have a method which
would enable an assessment to be made of the effects of the variables which had
been built in {o the indexing. Each group of 100 documents had some unigque
characteristics, and ideally it was desirable that it should be poseible {0 evaluate
the performance of each such grdup. In practice it was considered that, since the
original main objective of the investigation was to compare the efficiency of the
four systems under test, it would be reasonable to concentraie most of the testing
on the final sub-programme of 8,000 documents, since it might be expected that
these would have been indexed more efficiently than the 12,000 documents in the two
earlier sub-programmes, due to the greater experience of the indexers in using the

descriptor languages.

The only previously known work in this field of testing retrieval systems was an
investigation known as the ASTIA-Uniterm test, which was made in 1953.
Unfortunately this work was never fully written up, and the only generally available
account is that given by'D. Gull (Ref. 2). This is mainly concerned with analysing
the resultg, but from this paper it can be gathered that some 15,000 documents
were indexed by two separate teams, one being the indexing staff of the Armed
Services Technical Information Agency while the ’other team were indexers of the
staff of Documentation, Ine. The former group used alphabeiical subject headings
taken from the authority list established by ASTIA, while the latter group used the
uniterm system, the commercial exploitation of which was at that time an important
part of the work of Documentation, Inc. Having different groups of indexers, with
ro comparable controls of how the indexing was being done or how long was being
spent on the work, the test could not do more than assess the relative merits of two
dissimilar indexes, where the only connection was that the indexers covered the
same group of documents. It was therefore possible for the test programme {o he
relatively simple. A number of questions, reputed to be 93, which had been gent
to ASTIA in the normal course of their activities, were selected and both organigations
ecarried out searches in the indexes which they had compiled. It would appear that
when the searches were completed, each organisation then looked at the documents

which had been retrieved and decided on those which were relevant to each particular



question. Ths twe groups then met o compare resuits. Immediately they came
up sgainst the problem of deciding what was relevant and found that they were guite

unable io agree on thizs point. Each group had it own interpretation of the question

and therefore ite own viewse ng io the velevance of the documenta. It appears that

n, the decision was {aken thet sach group should -

i and make s own analyvsis. The report prepared

cussed in the paper by Gull, would appear to indicete

that the anlterm sysiem was more successiyl than the alphebetical indexing of

hat the ABTIA group, a8 & resull of their analysis, were of

the opinion that the position was the reverse.

7
&

In congidering the regulls of this teet, it can be seen that even if it had been
successiul, in the sense that the two graps were able to produce a single joint
report, the value of the work would have been Umited to showing merely that the
index compled by Decumentation, Inc. was superior to the index compiled by ths

ASTIA sinff or viee veraa. There having been no controle on the method of indexing

ar the method of searching, any such resulis would have had doubtful practical
significance. It wasg the intention of the present investigation to produce some
resulis that had more validity, which was the reason for the controls which were
built in to the indexing part of the programme. Howsever, it was the failure of the
two groups o produce any kind of joint result which strongly influenced the decision
on the main method of testing the four indexzes which were compiled. It was gulte
ghvious that, whalever other weaknesses the test might have, it was essential that
it should not gel bogged down in the guagmire of arguments concerning velevancy.
Further test programmes could be used o clear up those points which the basic

method of testing failed {o answer satisfactorily.

In such an lovestigation as this, an important requirement ig that the resulis
which are obiained should be capable of being shown as being statistically valid.
This maiier ig discussed in more detail in the next chapier, but it was considered
that it might be necessary to use as many a8 1,600 questions. Since searches weéra
to be made in each of the Indexes with all questions, it would have been an exceedingly
large and difficult task to attempt t0 evaluate the relevency of every document that
might be retrieved in this multiplicity of searches. The simplesi and most practical
method of deciding this guestion of the relevant document appeared to be by using
guestions which were based on documents that were in the collection. Thus it would

always be known that there was ai least one document which would be relevant to
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each question. Usging this technigue, it was also posaible to control the compilation
of questions in such a way that the documents on which they are based {now known
a8 the source documents) were distributed throughout the collection in the required
manner. Since, as mentioned previously, the testing was {o concentrats on the final
sub-programme of 8,000 documents, it was necessary to have 75% of the questions
based on these dociments with the remaining guestions gpread over the documents
in the first two sub-programmes. The 78% of the questions based on
documents in the last sub-programme had to be evenly distributed over the aixty
groups of 100 decuments which made up this sub~programme, so that it would be
pogsible to find the resullis of different peracns doing the indexwing at varying time
allowances, as well ag the effect of different types of documents and of the other

controls which had been built in to the indexing.

It will be recollected from the report of the First Stage that a nuwber of
individuals and organisations were invited to take part In the investigation by
indexing documents. At the same time their assistance was also requested in
compiling questions, The procedure for obiaining these questions was that, to each
organisation or individual who had expressed a willingness to help, a collection of
twenty sheets was sent. On each sheet was listed 2 minimum of twenty references.
These references represented a selection of documents which was taken from a
complete group of 100 dosuments. In Appendix ZA is given o sample group of 100
documents, the relevant sheet of selected documents which were to he used for the
pormpilation of questions and exsmples of the resulting questions. A copy of the
letter gent to those complling questions, who were mainly scientists or engineers,
iz algo included in this appendix, As will be seen from this letter, they wevre
required te select o single document from each of the twenty sheets which had been
gent to them. They then consulled the resulting documents and framed twenty
questions, esach of which could be satisfaetsi‘ﬂy answered by one of the selected
documents. Therefors for each guestion which was to be used in the testing thers
was at leagt ons documsnt, i.e. the sources document, which it was known would
have provided, in the opinion of the compiler of the question, a satisfactory answer
to that particular question. Sizty lsia of references wers prepared to cover the final
sub-programme of §,000 docwments and a further twenty lists to cover the documents
in the first two sub-programnes. Different sets of liste were sent {0 each person

g0 that the questions ranged over the iotal collsetion in the desired way.



Aliogether some 1,500 questions were received. Although this was slightly
less than the number originally thought neéessa,ry, no immediate steps wers taken
to increase the number, since it was known that there would be no difficalty in
obtaining further questions if the need should arise. Ag will be discussed later
it was found that the requirements were satisfactorily met by using only 1,200
questions. There were cases where the same document had been selected by
more than one person, with the vesull that there were two or more questions which
wevre based on the same docwment. It was interesting to note the variety of
guestions which o single document could generate, and there was no strong reason
against using & question simply because the source documeni was also the source
document for a question previously used. However, in some cages there wag &
strong similarity between questions which had been based on the same document,

and in thia case not more than one of these guestions was used.

Some form of comparable resulie were required at the earliest possible siage
and thersfore the first round of festing was limited to 400 questions. 300 of these
quesiions were gpread over the earlier sub-programmes. This meant that in each
group of 100 documents there would be five source documents to answer the five
guestions covering that particular group. The questions for this round of testing
were selected so that half of the guestions coversd the subject field of aerodynamice
while the remainder were on other subjects. An attempt was also made {o see that
there was a reasonable agreement between the number of source documents which

were reporis and thoge which were periodical articles.

Before the gquestions were used for searching, they were submiited to a panel
of three versons, Mr. T. Alichison of Bnglish Blectric Aviation Lid., Mr.J.Rosser
of Hawker Siddeley Nuclear Power Group and MriR, Wall of A, V. Roe & Co. Ltd.,
Quidéd Weapons Division. These gentlemen, all of whom had had several years
experience in asronautical information work, were asked to consider the questions
from the viewpeini of whether they were reasonable, that is of a typek which they
might expect to have put to them in the course of their normal duties. Asa result
of their scrutiny, only one question was rejected on the grounds that it was a
guestion which could have been more reasonably answered by consulting a

scientific dictionary.



WwWas to o out searches with these guestions in all the

The intentior

e

indexes. Search would be carvied on to the stage where the source document was
retrieved or alternatively the searcher was unable to devise any further reasonable
search programmes. Apart from the variables which were included in the indexing,
it was also desired fo invesiigate the ability of different persons as searchers.
However, for the first round of testing only staff who had been working on the
project wers used, namely Miss Warburton, a full time member of the project
staff, Mr, J. Hadlow, who had been an indexer on the project but had at the
completion of the indexing stage of the work, joined the College of Aeronautics
Library and C. W, Cleverdon, the Director of the project. Full records had to be
kept of all the searches and for this purpomse master search cards were printed,
These were in four different colours, one colour for each system being tested.
The 400 questions were entered on each pack of search cards so that with four
asgarch cards for each question there was a total of 1,800 search cards for all four
systems {see Figs. 1 and 2}). For convenience, each guestion was given a code
nuwmber, and in addition on each search card was entered the project code reference
of the source document on which the guestion had been based.

At this stage there was no idea of what the results were likely to be or how
this technique of testing would work. It was, in fact, originally envisaged that
this first round of testing might be considered as purely experimental, so that the
more sultable metheds could be developed. A matter of concern was whether memory
would come into the searching, Hadlow and Cleverdon, in this round of testing, each
did 400 searches, so by making 100 searches in each system it was possible to aveid
searching for any question more than once. Miss Warburton did a total of 800 searches,
200 by each system, so the result of this was that she searched for all the questions in
two different catalogues. The work was spread out go that there was at least 2 month
between the same guestion being used for a second time, and we were satisfied that

the resulis were not affected.

The search procedure varied slightly with each system but the endeavour was
always as far as possible to simulate a real life situation. This was taken to be as
in a normal information service where an enquirce comes in with a request for certain
information. Based on this request, the librarian will fo rmulate a search programme

by deciding on the concepts and translating these into the terminclogy of the index. ¥

* The matter of formulation of search programmes ig considered in more detail in

Chapter 5 . The approximation given here is sufficient for the present argument.
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Irrespective of the descriptor language and irrespective of whether it is being
used with a card catelogue, with peek-a~boo cards or any other physical form,
this action is essential, and the resulting search will bring sbout one of three
situations: -
{a} No references are retrieved which are of value to the
enquirery

{b} The search is partially successful, in that at least cne of
the references retrieved is to a document which partially
meets the needs of the enquirer

{e} A sufficient number of references {which may be one or
more depending on the type and purpose of the guestion)
arg retrieved 10 meet fully the needs of the snquirer.
If {e}, the search has been successful; if either of the first two situstions result,
a second search programme must be formulated and a further search made, This
again will resuli in oneofthe three situations outlined above and if necessary

further searches are made uniil either the position is reached where:-

{i} the search is successful and the enquirer is satisfied
(i1} no further sesrch programmes can be devised

{iii}) the librarian and/or the enguirer lose their patience.

Basically the same procedure would be followed if the enquiry came by telephone
or letter, or if the enguirer carried out his own search in the indexes., The only
difference in the latter cagse l¢ that one person would carry out both roles outlined

ahove,

It is true that, in 2 real 1life situation, there tends o be with difficult questions
a further elucidation of the question by the enguirer, thus helping the librarian in
devising further useful search programmes. Alternatively, experience shows that
in finding some references of slight relevance, the enquirer is able to re-phrage
hig question in a more precise manner and also thus help in the search. In the project
this was not the situation, for the guestion as submitted was 2ll that was avajilable
and there was no possibility of the project staff going back to the enguirer to find

whether he could clear up any doubtful points or give a useful lead,

Apart from this latier point, which was to the disadvantage of the project group,
the attempt was made to simulate a real life situation as far as possible. The basic
procedure was to consider the question and devise a search programme. This was

then entered on to the master card. The appropriate index would be searched and
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the cards bearing the particulsyr nolation or subject headings as recorded would be
consulted. If a card bearing the project code number of the source document was
there, then the search was considered successful and would be entered as such,
with the record of the number of other references which hore the same heading as
the source document. If the search did not reveal the reference to the source
document, & note was made of the number of references which were at that heading
and a further search programme was then devised. The process was repeated as
owtlined, with records being made of the search programme and the result. This
continued until finally the question could be marked as a success, stating the total

number of search programmes required, or as a failure.

I might appear at first sight thai this was 2 somoewhat doubtful methoed of
carrying out a search, in particular with regard to the fact that there was a certain
eard in the catalogue which could always be immediately recognised as being the
required reference. To return to a real life situation, when the first search has been
meade, the enquirer will look at the vesuliing refersnces, and form a judgement a8 {0
whether any are likely to be of value to him. This judgement will be based on a
number of factors which the index card can reveal such as the name of the author,
the originating organisation, the title and date of the paper and possibly the abstract.
Normally the enquirer would reject some of the references and decide that other
references were sufficiently interesting to justify his asking to see the actual documents.
On obtaining the documents, the enquirer will then carry out a further search through
these documents to find whether the. required information is contained in any one or
more of them. This will result in one of the three situations, (a), (b} or (¢} as given
above and the decision is taken either to call off the search as being successful
or to make further gsearches. If the latter, the procedure is repeated with a new
search programme, and so on until situations (i), (ii), (iii) are reached, Our method
of doing the searches shori-circuited this procedure, which would have been guite
impracticable to carry out, and an immediate decision as to whether the search had
been "successful’ could be made by looking at the project number of the references

retrieved.® It must be emphagised however thatalihough it was known to the searcher

This claim that a search could be considered "successful' by finding a gingle
relevant document would appear to presuppose that the enquirer does not require
all available information on a subject. This aspect is considered in Chapter 6 .
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that a card which bore a number such ag P16327 was the ecard which had to be

located, nothing was known about where in the catalogue this card might be found.

Ag had been expected, difficulties soon arose in this first round of testing but
it was completed so that the necessary experience could be obtained. Certain minor
problems were satisfactorily scived but two major difficulties remained. In the
first place it was necessary' to decide exactly what constituted a single search and
what changes in the search programme meant a new sesrch; secondly there was the
decision to be taken as to how long one was justified in continuing a search. This
latier problem was particularly difficult because, in that it was known that there must '
be a satisfactory answer somewhere in the index, it would have been possible for the
searches to be broadened until every card in the index had been seen. This was not being
done, but it was essential that the search procedure should be levelled as between the

differing systems and between the different searches.

Two new rules were therefore devised to cover the second round of testing. For
the first, a search programme was defined as being any permutation of a given set
of elements, and 3 new search would be when any element was omitted from the
original search programme or when one or more elements were changed® Regarding
the second point, it was decided that a search would not be continued beyond the
stage where more than one of the basic elements that were originally considered
necessary had been dropped. These two rules, while forming a basis for the later
testing, could not be applied without descrimination to all four systems and can
probably best be explained by giving examples of the method of application as shown
by some actual test workings. Pigure 1 shows the search cards in connection with
question 25-07 “Comparison of alclad and unclad aluminium sheets riveted together
and subjectad fo fatigue loading”. With the Universal Decimal Classification, the
search programme was devised as being 869,715 {Aluminium alloys) and 820.178.3
{Fatigue testing). The original search was made in the catalogue at 6696.715:620.178.3
and was unsuccessful in that the source document was not found, although there were
twelve other references having this notation. The second search was made with the
figures reversed round the colon, that is to say 620.178.3:669.715, and in this
case the reference o the source document was located in addition to 31 other
references. It i recorded on the search card that the full notation of the source
document was 669.715:820,178.3:621.884.057.2. This second search was not,
under the new rule, considered as being a new search, for the same notational

.elements were being used. Therefors the result is given as o success on the firat

* Bee Appendix 2B
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search, penalised 10 2 ceriain extent by the fact that it wag necessary to do an
extra sub-search and also recorded that 42 documents were retrieved., With
the alphabetical subject catalogue, the first search programme here was given
as "Sheets, aluminium alloy - fatigue™. This proved unsuccessful, as did the
second search under “Sheets, aluminium' and the third, fourﬂ; and fifth
searches. Finally for the sixth search the programme was devised as ""Joints,
riveted, sluminium alloy - fatigue" and in this case it proved successful,
Aliogether there were six searches which resulted in the retrisval of 34 other
documents belore the source document was reirvieved. Since with each of the
search programmes either new terms had been introduced or had been dropped,

each search programme was counied as a new search.

With the facet system, the original search programme asked for four
elements, namely Peal~a "Aluminium alloys”, Rkm "Fatigue”, Hvd "Rivets,
Fab “Sheets”. It iz shown that the first search was made in the chain index under
the latest slement in the notation, namely "Fatigue”, 7The index showed that the
classified catalogue did have a reference with the four notational elements
requested but on looking in the classified catalogue, there was found only one
reference which was not to the source document. A second search was made, thig
tlme it being decided that the first three elements could be accepted without
requiring anything concerning Fsb "Sheets". Here again the chain index directed
the searcher to one place in the classified catalogue and there the source document
was found together with one other document. The actual location of this required

reference was at Hu Hvd Peal-a Rkm Rp Vi.

With the vniterm system, the first glement searched was "Aluminium®., Here
the source document refsrence number was found and the search then went fo the
card for “Sheets”. This term had not been indexed so the search was switched to
YRiveted”. This being successful the next card looked for was "Alclad", this
was a fallure and so the search went on to "Fatigue” which was successful, then
to "Strength” which was also successful., The gearcher felt that we would be better
if it was possible to have found something for "Plates’. This could not be found
but the search was adjudged as being successfil, in that there had been obtained
a reference covering "Fatigue strength of aluminium'. The search was therefore
marked as taking three separate searches in that there were two fallures to find

required eniries during the search up to the time a satisfactory result was reached.
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Comparison of documest numbers on the aspect cards showed that eight

references wers reivieved in the course of these searches.

Figure & shows 4
: of half-delta wing-tip controls on
> davised for U.D.C. was 533.693.31

"rheoretical ealculation of the par

the tips of delta wings”. The program

"Delta wings' and 533.694.5 "Co o It in interesting to note in

this case however, that the searcher sgreed from the start that she would

accept any further breakdown of 533.684.5. By this she gave herself more
flexibility in the search but there was the probable penally of retrieving more
irrelevant documents than if she had been able to specify the search more precisely.
In the event, searching under 533,683. 21:533.654. 5 the card for the source document
was found with 25 other cards, the actual place for the source refarence being
533.603.31:533.694, 512 "Moving wing tip ailerons’. With the alphabetical subject
catalogue, the first sedreh programme was for "Wing tips, moving'; although 14
cards were found at this heading, none of them related to the source document so
further series of programmes were devised. First there was "Wings, delta -
control”, followed by ""Wings, delta, supersonic - control”, and then "Wings,

delta, transonic - control’. These proved unsuccessiul go a further sesrch was
made under these headings with the sub-heading "Performance™. The search was

gtill unsuccessful and was at this stage abandoned,

The facet search was devised as Id "Tips”, Cd{Ij) "Wings, delts! and Cp
"Control surfaces”. The first search was made in the chain index under "Tips",
and led directly to the source document which was at this particular place with
t_he addition of fe}n* other;eferencesa Finally, with uniterm, the ;‘irgt two seaprches
for "Wings" and "Delia® were succéss;&'ulg; "Pips' was a failure but then an entry
was found under "Conirol”. In an attempt to refine it rather more a search was
made under "Performance’ bui there was no reference on this card. The search
was considered successful, it having taken two separate programmes o reach
the required stage. In addition to the source document, five other references

were also found.

To go back to the two basic rules, it will be seen that it was necessary to
interpret them somewhat freely. For instance, a single U.D. C. number may well
be the egquivalent of two or more uniterms. For this reason it was neceasary to
check the resulis between different systems to ensure that no one system had been

penalised by too strict an interpretation of the basic rule. In this respect, it
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quickly became obvious that the alphabetical subject catalogue was usually the
yardstick. For instance, the person searching the uniterm index for the second
question considered above, originally felt doubtful as to whether it was reasonable
to mark the uniterm search as being successful when it was only possible to find
"Wings", "Delta' and "Control". However on comparing the card with that of the
alphabetical catalogue search, it was clear that it would have heen accepted as a
legitimate subject heading. This comparison of markings between one gystem and
the other had to be carefully checked throughout and it made a difference to the
resulis which were given in the original report on this first round of testing at the

annual conference of Aslib {(Ref. 3).

- Repgarding the question of the number of searches, while the decision appeared
satigfactory concerning the U.D. C., alphabetical and uniterm systems, it raised
some doubts in the matier of the facet system. This was due 1o the double nature
of the search in either the classified catalogue or the chain index. A situation
which frequently arises is with a question which generates a search programme
such as Ned "Laminar flow"”, Nfk "Boundary layer' and Ocd "Suction”, the question
itself being, ""The calculation of the laminar boundary layer having distributed
suction’. It would have been possible to have added the further terms to the
programme of Ya "Calculation” or {Zf) "Distribution"”, and it was doubtless a
deliberats policy not to do thig, for "Calculation", if sought in the chain index, would
have involved searching through a file of approximately 1,200 cards, and i is a term
that might well not have been indexed as being redundant. To a lesser extent, the
same reasoning applied to "Distribution”, for in this case one would have had to
search through a file of approximately 400 cards. The term "Suction’ was
therefore taken as the entry to the chain index and in this case there were 87 cards
to search. However of these there were 9 cards which included the three sought

terms, these being:-

Suction: Boundary layer: Laminar flow Ned Nik Okb

8.: B.L.: LiF.: Clyinders g Ned Ntk Okb

&: B.l.: L.F.: Discs Fqd Ned Nfk Okb

8.: B.L,: L.F.: Flat: Plates Ffe(ls)Ned Nik Okb

S.: B.L.: L.¥.: Slots: Aerofoils Cc Ct Ned Nik Okb

8.: Conircl: B,L.: L.F.: Flat: Plates Fie{ls)Ned Nik Oa Okb
S.: Distribution: Velocity: B.L.: L.F.: Flat: Plates Fle(ls)Ni{Zf)0Okb

8.: Profile Drag: B.L.: Incompressible Flow: L.F, Ncd Nfh Nfk Nrb Okb
S.: B8kin Friction Drag: B.L.: L.F. Necd Nfk Nrf Okb

S.: Skin "riction Drag: B.L.: L.F.: Flai: Plates Fie{lg)Ned Nfk Nrf Okb
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In thia particular search, the correct programme was found and, by searching
under "Suction”, there was the clue of "Distribution” because in the seventh entry i
happened te have been brought in to qualify "Velocity"” which notationally is earlier
than "Suction”. To have searched under "Distribution’ in the chain index would
have revealed a number of entries which included "Laminar flow”, "Boundary layer"

and Suction", but which would not have in fact revealed the source document,

Another similar situation did not work out so well. The quesiion was "Velocity
profile, heat transfer and skin friction data for turbulent boundary layers”. BEotering
the chain index at ""Heat transfer' there were over 200 cards to be searched, One
card coutained the four required elements in combination on their own bhut there
were 14 other cards where the elements were combined with other terms to Torm

such combinations as

Fin Wom Nef Nik Nef Nyt Of St
Fu Nbm Nef Nik Nge Nvf 01 8t
:g\j__’bgg_l Nef Nk Nef Oi S8t

This involved 15 differant places which had to be looked at in the classified index
and in the event the source document was not retrieved. The second search
programme substituted Ned "Skin friction' for 8t "Heat transfer”. From the chain
index on this occasion ten possible locations were found, and under Pm Nbm Nef
Nik Nrf, the required reference wag found on the seventh of these sub-searches.
At first it appeared somewhat difficult to justify marking this question as being
guccessful with only two searches, seeing that it had been necessary to sort
through over 300 cards in the chain index and to look at 22 different places in the
classified catalogue. However to have done auything but this would have been to
exiend the range of our work into the physical form of the index. If facet had been

used as a post-co-ordinate system.” then i would only in fact have required two

# The term 'post-co-ordinate’ is used in contrast fo 'pre-co-ordinate!. Certain
descriptor languages have become known as forms of co-ordinate indexing, but in
fact all but the simplest descripior langnages 'eo~ordinate'. The difference is that
some do the co-ordination at the time of indexing, e.g. an alphabetical subject
heading such as WINGS, DELTA, SUPERSONIC - Stability, longitudinal, or the
equivalent U.D.C. number of 533.693.1.011.5:533.6.013.412, Others do it at the
time of gearching, e.g. Uniterm, where the separate elements "WINGS", "DELTAY,
"SUPERSONICY, "STABILITY", "LONGITUDINAL" would be co~ordinated. While
some descripior languages may be more convenient to use in one way than the other,
yet all can, in fact, be used in a pre-co-ordinate or post-co-ordinate manner. The
facei schedules as used in the project test were particular adaptable to either meathod.
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search programmes to find the necessary refarence.

Using these new rules, a second round of testing was carried out, again
with 400 searches being made in each system. In this round the searching was
carried out by the same three people as in the first round of testing with the
addition of Miss A.8cett, an assistant in the College of Aercnautics Library, who
had not taken any active part in the work of the project. In addition, five post-
graduate students of the Collage spent an average of six weeks each in doing
searches. The gquestions which they uged were the same as those which had been
used by the project siaff in the first and second rounds of testing, and the main

. purpose of having such persons doing the searching was to discover whether any
pariicular system was more or was less satisfactory when used by persons who
were skilled in the subject content of the documents indexed but who had Httle

practical experience of searching for information.

The second round of testing by the project staff proceeded quite satisfactorily

and calls for no particular comment.

A minimum amount of guidance was given to the students, and consisted of
merely explaining the rules of operation, what was required of them in keeping
racords and showing them the various catalogies and ancillary aids, While they
all had a certain amount of experience in retrieving information for their own
purposes prior to thig test, none of them could, at the start of the test, be
considered to have any specisl experience or qualifications which would make them

unrepresentative of the normal scientist or engineer using an index.

At the conclusion of the second round the results of the searches were tabulated,
and from the overall picture of the way the work was going, it appeared unlikely
that more than one further round of testing would be required. Before this was
done, a very detailed analysis was made of all searches which ended in failure
to find the source document. ThiS matter 18 discussed in detall in Chapter §, but is
mentioned here to explain the change in procedure which was adopted for the third '

round of testing.

Ag discussed earlier, the test was intended to discover something concerning
the ability of various people to carry out searches. By the time that the second
round of testing was completed, it was considered that reliable information had been
obiained and that it was not necessary to investigate this particular matter any

further. However, the analysis of the failures had shown that there were many
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cages where the search had been successiul in one gysiem but had falled In
another system. In such cases the reason for the fallure had nothing to do with
the system or the indexing but was entirely due to the fact that the person making
the search in that system had not found the sorrect search programme, which

had been used by the searcher in ancther sysiem.

Also, even when searches had been successiul, i appeared often o matter

of chance whether the correct programme wag used on the firat or fifth ssarches.

The third round of searching, which again consisted of 400 questions in all
gystems, was therefors done in such a way as o e eliminate as far as possible the
variable of searching., To do this, Miss Warburton flrsl searched for all questions

Mhe searches

3
Lyi]
]
o]
|
[
@
[
et

in the alphabetical subject catnlogue, keeping the usual x
were then repeated in the U.I». C. catalogue using the ssme programmes in the
seme order as with alphahetical, 'That is to say that if, for instance, with
alphabetical, the first three search programmes had proved unsuccessiul, but

- the document had been found on the fourth search, then the searches by U.B. C.
had to go through the same stages in so far as this was practical with the terminclogy
and structure of the different deseriptor languages. On the other hand, when a
source documeni was located in the alphabe-éisal subject catalogue by the first search
programme, there would be no neceggity for further possible 2 arch programmes 1o
be generated. If In the search in the U.D.C. this single search programme failed,
then further search programmes were tried, and these formed the basis when the

gearches were repeated in facet and later in the uniterm sysien:.

Wra. J. Altchizon worked on thege subseguent searches and in some cases
was sble to generate further search programmes in cases where Misg Warburton
had failed. In such cases these new programmes would be tried with all systems,
g0 that in the end all systems had been equally treated in regard to search

Programmes,
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CHAPTER 3

TEST RESULTS

While there are many reasons which may {and no doubt will) be adduced for
doubting the valldity of the results given in this chapter, it is certain that the
figures can only be considered étaﬁsticaﬂy correct within a range which varies
-according to the number of searches on which they are based. In comparison
with some other investigations which have been reported, the test programme

has been large, and this enables the standard error o be correspondingly lower.

The basic equation which ig used to ascertain the standard error is glven as:

22 .="g;i@;
p N

in which ¥ equals the probability of success, Q equals 100 - P and N equals
the size of the sample, For the overall results, {e.g. Table 1) the standard
error comes out at around 2.5%, and this probably is a reasonable figure at
which to aim. However, as soon as one breaks down into the various groupings,
such as the indexer or the indexing time, there are s number of complications.
The figures assume pure binomial variability; if this is not to be accepted as
reagonable, it is doubtful if the figure for the standard error can be significantly
reduced without a large increase in the test programme. However, with all the
tables given in this section, what is believed to bé the correct standard error

ig shown for the actual situation in which the tables have been compiled.

A more detailed statistical analysis of the validity of the test results was
made by Mr. J. T. Harris, Lecturer in Mathematical Economics at the College

of Aeronauvtics and is included as Appendix 3A.



2% {178}
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‘Potal Searches Successg Pallure % Success
U.D.C. 1187 878 282 788
ALPHA 1154 841 213 81.5
FACET 1047 798 274 3.8
UNITERM 1148 840 208 82.0
TABLE 3.1
COMBINED RESULTS OF ALL SEARCHES
PY PROJECT STAFF is.e, 2.6% approx.)
U.D.C, 89% (179) 80% {173) 74% {180} 7% {174)
ALPHA 85% {179} 85% (173) 77% {180) 859% {174)
FACET T6% {179) T8% {193} 1% (180) 71% {174
UNITERM 59% {179} 85% {173} §3% {180} B8% {173}

fi‘AELE 3.2

RETRIEVAL FOR VARIOUS INDEXING TIMES FOR SEARCHES

BY PROJECT STAFF IN FINAL SUB-PROGRAMMIE

(DOCUMENTS 12001 - 18000) (s.e. 5% - 6%)

{Figures in brackets indicate number of searches on which
percentage figure 18 based)

76% {176}
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Hadlow Warburton Sharp
U.n.C, » 73.8 81.0 76.9
ALPHA 79.6 85.4 82.7
FACET 71.4 77.8 71.1
UNITERM 84.0 83.0 86.0
TABLE 8.3

PERCENTAGEH RETRIEVAL ACCORDING TO INDEXER FOR SEARCHES

BY PROJECT STAFF IN FINAL SUB-PROGRAMME {(s.e. 4% approx.)

Aerodynamics General
U.D.C, 72.7 8.8
ALPHA 78.9 B4.2
FACET ‘ 70.3 7.3
UNITERM 81.6 82.2
TABLE 3.4

PERCENTAGE RETRIEVAL ACCORDING TO SUBJECT FOR SEARCHES
BY PROJECT STAFF IN FINAL SUB-PROGRAMME (s.e. 3.5% approx.)
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1 - 6000 6001 - 12000 12001 - 18000
U.D.C, 83.9 74.2 77.2
ALPHA 74.7 80.3 82.5
FACET - 74.5 73.7
UNITERM 69.9 76.6 86.4

TABLI 3.5

PERCENTAGE RETRIEVAL ACCORDING TO INDEXING SUB-PROGRAMME
FOR SEARCHES BY COLLEGE STAFF ({s.e. 3% - 8%)

ist Round 2nd Round 3rd Round
U.D.C, 78.2 74.2 76,1
ALPHA 81.% 8.4 84.5
FACET 73.7 68.3 ) 78.3
UNITERM 77.6 80.9 87.:
TABLE 3.8

PERCENTAGE RETRIEVAL FOR SEARCHES BY PROJECT STATFER
IN THE THREE ROUNDS OF TESTING ({(s.e. 5% approx.)
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Warburion Hadlow Cleverdon
u.b.C. 77.2 75.5 78.3
ALPHA 80.1 83.8 76.9
FACET 73.9 . T4 70.1
UNITERM 83.2 78.5 82.4
TABLE 3.7

PERCENTAGE RETRIEVAL BY SEARCHING FOR PROJECT STAFF
IN FIRST TWO ROUNDS OF TESTING (s.e. 4% - 6%)

Success Fallure % Success
U.p.C. 520 132 79.6
ALPHA 501 183 73.3
FACET ’ 335 187 66.7
UNITERM 297 619 81.1
TABLE 3.8

RESULTS OF ALL SEARCHES BY TECHNICAL STAFK {s.e.3.2% - 4.1%)
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18 12 8 4 2
mins mins mins mins mins
U.b.C. 84 86 78 78 76
ALPHA 81 78 74 76 63
FACET 62 73 66 55 70
UNITERM 85 83 73 87 85
TABLE 3.8

PERCENTAGE RETRIEVAL FOR VARIOUS INDEXING TIMES FOR SEARCHES
BY TECHNICAL STAFF IN FINAL SUB-PROGRAMME (s.e.6.2% - 11.6%)

Hadlow Warburton Sharp
U.b.C, 81 71 83
ALPHA 78 70 78
FACET 63 69 64
UNITERM 78 ‘85 82
TABLE 3.10

PERCENTAGE RETRIEVAL FOR INDEXERS FOR SEARCHES BY
TECHNICAL STAFF IN FINAL SUB-PROGRAMME (s.e. 5.1% -~ 9%)

Aeronautical Gene ral
U.n.C. 77 82
ALPHA 72 74
FACET 62 72
UNITERM ’ 81 : 81
TABLE 3.11

PERCENTAGE RETRIEVAL ACCORDING TO SUBJECT FOR ALL
SEARCHES BY TECHNICAL STAFF (s.e. 4.3% ~ 5.4%)
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CHAPTER 4

STATISTICAL ANALYSIS

In addition to the resulis as giveg} in tables in Chapter 3, there is the
possibility of doing a considerable amount of detailed analysis, aimed at finding
the effect of various factors. The difficulty in doing this lies in pre-assessing
what is likely to be significant, and the danger is that effort will be wasted in
carrying such analysis to unnecessary and useless limits. The result is that in
this chapter certain matters will be consideved, but any conclusions will be based
on a varying amount of analysis, Where something of interest appears, 1o ensure
that the results are valid more analysis has been done than in those cases which

appear to be producing negative resulis.

First is congidered the question of language and this is done in a simple way by
comparing the correlation between the words of the questions and the titles of the
documents. Appendix 4A lists 100 questions numbered 20-06 to 20-10 through to
39-06 to 39-10. Appendix 4B lists 100 documents on which these questiéns are
baged and which are therefore the objects of the searches. The titles and questions
have been compared and the correlation figure vai'ying from 0 to 10 hag been glven
for eanch question. This has been done by marking with 10 any question where all
the key words in the question were found in the title and grading down to 0 where
there wag no correlation. Table 4.1 shows the 100 questions sorted and grouped

into correlation order, with the search resulis for the four systemas.



- 28 -

Correlation Quesgtion SEARCH RESULT
Figure Number UDC ALPHA, FACET UNITERM
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TABLE 4.1

RESULTS OF SEARCHES GROUPED ACCORDING TO CORRELATION OF
LANGUAGE OF TITLE AND QUESTION

g8 = spuccessful search
f = failure Continuede. ...




Correlation

Question

Figure
5

Number

20-07
22-08
25-08
26-07
25-08
28-085
28-08
31-16
32-08
34-08
34-10
36-07
38-08
35-08

20-19
23~-10
2406
27-08
28-08
28-10
33-06
34-07
34-~09
35-0%
35-08
36-05
33-06
39-10

2407
24-08
24-08
26-08
27-07
32-07
33-08
34-08
36-10
36-08
36-10
38-07
36-08
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SEARCH RESBSULTS
UDC  ALPHA, FACET UNITERM
8 8 8 8
8 8 8 8
8 8 8 8
& 8 8 s
f i i 8
8 8 8 s
8 8 8 8
f f i 8
8 8 8 8
£ 8 8 ]
& 8 8 8
8 { i 8
s 8 8 8
8 11-3 g 11-3 s 11-3 s 14-0
<] { f g
8 £ 8 8
{ 8 8 ]
f 8 £ -]
8 8 8 8
8 8 8 8
s 8 8 8
8 s i 8
8 8 f a8
8 8 8 8
f 2] 8 8
8 ] 8 8
8 4 £ {
{104 5 11-3 8 -8 g 18-1
] 8 8 a8
8 8 8 8
8 S 4 8
8 4 £ {
8 f f g
8 -1 8 )
a8 8 8 B
8 8 8 f
£ B 4 8
8 8 8 8
8 8 8 8
B 3 8 8
5 18-1 f §-4 s 9-4 s 11-2

TABLE 4.1 {Continued)
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EEARCH RESULT

Correlation Guestion unc ALPHA., FACET UNITERM
Fipure HNumber
a8 20-08 8 i b4 8
26-08 8 £ 8 i
2808 8 8 ] 8
29-10 8 8 8 8
33~07 g 8 £ 8
37-086 -] &8 8 8
37-08 8 g <] 8
3710 f 7-1 s §-2 g §-2 8 7-1
ig 2308 5 ] a 8
27-09 8 g 8 2]
20-08 £ 8 8 £
30-08 :] 8 £ i
31-06 o] £ 8 £
31-07 <] 8 i 8
31-08 £ 8 £ 8
37-07 g G-t g T~1 8 5-3 8 B-3

TABLE 4.1 {Continued)
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This type of analysis was extended to cover a total of 600 gearches,

and Table 4.2 gives the percentage success rate for sach correlation figure
together with the accumulated total.

Correlation vDC ALPHA, FACET UNITERM
0 48 (48) 45 (45) 52 (53} 44 {44)
i 86 {53) 74 {(53) 65 (58) 76 {52)
3 72 (60} 70 (58) 83 {68} 85 {63)
3 68 {64) 73 {63) 74 (63} 79 (65)
4 68 (65) 84 (69) 87 {63} 89 (72)
8 77 (68) 74 {10 71 (85) 83 {74)
8 72 {67) 78 {72) 88 65} g1 {77
7 88 {72) 85 (74) 75 {87) 92 {80)
8 84 {74 90 {717) 80 (70) 87 (82}
9 81 (76) 89 {79) 78 {72) 90 {84)

10 82 {77 92 {82) . 77 {73) 80 (88)
TABLE 4.2

PERCENTAGE SUCCESS RATE FOR SEARCHES WITH VARYING
DEGREES OF CORRELATION BETWEEN TITLE AND QUESTION

‘ {Figures in brackeis represent accumulated percentage figure)
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Leading on from this, a test was made inde@ende’nﬂy, of the retrieval figure
which would be cbtained by usig a form of koy-word-in-context title indexing,
but as will be appreciated this in effect duplicated the work of the term correlation
test, for it was found that 97% of the source documents could be retrieved by this
technique. This figure corresponds with the 3% of source documents not located
when there wag zero correlation, and also corresponds to the figure of 3% of the
questions which {as considered in Chapter 5 ) were considered to be misleading
or bad. Not guite sc  explicable ig that whereas the maximum recall efficiency
by any single system was 85%, vel by one system or ancther the source docurnent
was cbiained In 97 out of every 100 cases. The fact that 87% retrieval was
obtained by KWIC indexing is not g0 much an argument in favour of this technique
ag an interesting commentary on the effectiveness of the titles of the reports and
papers used in the project. To achieve the figure of 7% would have been equally
posgsible by Uniterm if the search rules had been relaxed in such a way as to
accept ag a success any search where a single correlating term was found. The
penalty in this case, as with KWIC indexing, would have been the increased number
of irrelevant documents that were slso retrieved., Thiz aspect ig conasidered in

more detail in Chapters 9 and 10.

It can be argued that some guesilons were too easy or obvicus, and that a
more realistic result might be given by eliminating such guestions from the analysis.
It is difficult to decide exactly which question is easy, but an arbitrary cholce would
be to consider as such all questions where the source document was retrieved by
the four systems. This was done for 300 searches and Tables 4.3. and 4.4. show

the genersl figures and the figures when broken down by indexing times.

unce 54%
ALPHA, 58%
FACET 43%
UHITERM 63%

TABLE 4,3
PERCENTAGE RETRIEVAL EFFICIENCY FOR SEARCHES BY PROJECT STAFF
AFTER ELIMINATING QUESTIONS WHERE SQURCE DOCUMENTS WERE RE-
TRIEVED BY ALL SYSTEMS
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i8 12 _ 8 4 2
ming ming mins ming wmins
unc 438 80 54 §8 54
ALPHA. 86 8% 58 87 52
FACET 38 52 39 44 46
UNITERM 70 69 82 8 45
TABLE 4.4

PERCENTAGE RETRIEVAL EFFICIENCY BY INDEXING TIMES FOR SEARCHES
BY PROJECT STAFF AFPTER ELIMINATING QUESTIONS WHERE SOURCE
DOCUMENTS WERE REETRIEVED BY ALL SYSTEMS

Ap would be expected, the figures represent a departure from those in the
main test, but it is noteworthy how they repeat the general relationship between
the systems and, in particular, the way in which the efficiency of 4-minute

indexing time is eraphasised.

In the first stage of the work, the indexing decisions were partly controlled
by time, and the effect that this had on the number of entries for each document is
ghown in Table 1.3. (page 4). This variation might be expected to appear in
the results when broken down by time (Table 3.2, page 22}, but from this it would
appear that many of the additional entries made when indexing at 18 minutes were
redundant, since there was such 2 small increase in efficiency of recall, This
préblem of redundant indexing was consldered in the W.R.U. Project (Chapter 7),
but a comparison of the effect of number of postings on success 6r failure is given
in Table 4.5.

Appendiz 4C gives the resulis of 100 searches shown against the number of
eniries made in indexing the source document, and the analysis has been carried
to a further 200 searches within this document group. The resulting figures,
broken down by indexing time are given in Table 4.5, but would appear to show

little of significance.
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General Search Average
minutes Average Success Fallure

U.n.C. i8 5.8 5.0 4.3
12 4.0 4.9 2.9

§ 4.2 4.5 3.8

4 3.7 4.7 2.8

2 3.5 3.4 3.8

ALPHA, i6 3.8 4.1 2.9
12 3.5 3.8 3.1

8 3.2 3.5 8.7

4 2.2 2.3 2.0

2 2.4 2.5 2.2

FACET 16 8.8 6.8 8.8
12 6.3 6.7 8.9

8 5.8 §.0 7.7

4 4.7 4.8 4.3

2 5.0 5.2 4.3

UNITERM i8 13.0 13.0 13.0
12 9.2 8.9 7.0

8 10.6 12.3 7.4

4 8.5 8.8 7.7

2 8.5 8.8 8.2

TABLE 4.5

COMPARISON OF AVERAGE POSTINGS BY INDEXING TIMES
POR DOCUMENTS P12001 to Pi4000 FOR SUCCESSFUL AND
FAILED SEARCHES BY PROJECT STATF

A more interesting set of figures is produced by the analysis of the terms
used In indexing source docuwments and the terms used in searching for these
documents. The complete lisis of terms in the four systems are given in
Appendix 4D, and Table 4,8 shows the comparative count for the use of the

terms.,
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ubcC ALFHA, FACET UNITERM
Main Sub-
Headings Headings

Terms used in

indexing Total 381 272 - 185 398 582
Indexing and

searching 252 i41 - 86 240 347
Indexing only 122 131 -~ 68 156 235

Terms used in

searching Total 408 289 - 107 343 458
Indexing and
searching 252 141 - 886 240 347
Searching only 158 118 - 21 103 111
TABLE 4.8

USE OF TERMS IN INDEXING 200 SOURCE DOCUMENTS
' AND MAKING 200 SEARCHES

A general comment on these figures is the high number of non-indexed
terms used in searching and particularly that with U.D. C. the total of terms used
only in searching is greater than that used only in Indexing. It is, however, in
the more detailed analysis of the figures presented in Appendix 4D that useful work
could be done, although no atiempt has been made to exploit this possibility within
the present project. As an example, one can consider the matter of redundant

terme, of which some are set out in Table 4. 7.

une ALPHA. FACET UNITERM
Tests 14-3 59-5 46-4 48-17
Wind tunnel tesis 42-1 24-2
Calculations 63-11 52-1 36-~14
Analysis 15-2 10-0 16-0
Design g-1 18-8 12-3 22-16
TARBLE 4.7

POSSIBLY REDUNDANT TERMS SHOWING NUMBER
OF TIMES USED IN INDEXING AND SEARCHING
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It is practically ceriain that none of these terms assisted in locating a
source document which would otherwise not have been retrieved, and 21l that
these terms could do would be to limit the number of irrelevant documents. An
analysis of the point could be made by checking the catalogues, and would probably

confirm the view that such terms were, in the context of the work, redundant.

As ancther example, there was a category of terms {notation 'I') in the
Facet schedules covering Spatial Properties. Mosf of these terms are not
available in U.D.C, 6 such terms were used in the indexing of the sample 200
documents, with a total of 65 uses. 20 of these terms were algo used in searching
on 37 occagions., This shows a slightly lower average use than for the ferms
throughout the schedules, but is high enough to justify the inclusion of this category.
The category General Properties {Z) had 16 terms which were used on 34 occasions
in indexing, but only 5 terms were used in searching on 8 cccasions, and this
category appears of more doubtful value. Analysis of this nature would appear to
have possibilities of providing information for the design of systems, and it ig

hoped that it will form the subject for an independent thesis.

As was discussed in Chapter 2, note was taken of the number of separate
programmes which were necessary to reirieve the source document. Appendix 4E
shows the results for 100 searches and indicates how many search programmes
were involved by each system. This analysis has been extended 1o cover the

400 searches in the second round of testing, and the results are given in Table 4. 8.

No. of searches unc ALPHA FACET UNITERM
1 36% 40% 519% 54%
2 39% 33% 38% 25%
3 8% 13% 8% 16%
4 10% 5% 1% 2%
5 6% 4% 1% 3%
8 or more 1% 5% 2% G
TABLE 4,8

PERCENTAGE OF NUMBER OF SEARCHES REQUIRED
IN SECOND ROUND OF TESTING




These cover the second round of {esting, when the searches generated their
own programmes. In the third round of testing, as has been explained, the
search programmes were standard for all systems, so a further check was
made of the searches in this round., As will be seen from Table 4.9, this did not

show any significant difference, apart from a slight general improvement.

The number of searches which reirieved the source document with the first
or second programmes indicates that, with the techniques and levels of indexing
uged in the project, the formulation of a successful programme is not particularly
difficult, but other aspecis éf this point will be considered in the discuseion on

the failures in Chapter &,

No. of programmes UDC ALPHA, FACET UNITERM
i 42 42 50 87
2 32 38 38 26
3 10 14 8 15
4 7 4 1 i
& 1 1
€ or movre ] 2 ] ¢
TABLE 4.8

PERCENTAGE OF NUMBER OF SEARCHES REQUIRED
IN THIRD ROUND OF TESTING
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CHAPTER 5

ANALYSIS OF FAILURES

On the completion of the second round of the test programme, a complete
analysis was made of all cases where the source document, within the range
P12001 - 18000, had not been retrieved. As a result of this analysis, some
changes were made in the rules for the third round of testing (as discussed in
Chapter 2), and further analysis was done of all failures in the third and final
round of testing. This work was done mainly by Miss Warburton; Mrs. Aitchison
assisted in the later stages but her work was checked by Miss Warburton {o

ensure consigstency. All doubtful cases were also considered by the Director.

The procedure involved gbiaining in each case the source document, the
masgter indexing card, the question and the master search card. These were then
considered in relation to each other and a decision taken as to the facior or

factors responsible for them. The reasons fall under four main headings, namely:

1. Question
2. Indexing
3. Searching
4. System

Within these headings there are a number of divisions and the complete set
are shown in Tables 5.1, 5.2 and 5.3. These tables Include the figures relating io
each division in the second and third rounds of testing and also the cumulated total

for the two rounds.

328 documents and questions were involved in this analysis, while the number
of failures by one system or another amounted to 485 . The average time to
complete each analysis was  about an hour, although in some complex cases

the time went up to two hours.

The complete summary of the analysis of failures by project staff, of which
the following pages give a precis, is contained in Appendix 5A while some examples

of the complete analysis of the individual documents are given in Appendix 5B,
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UDC ALPHA, FACET UNITERM TOTAL

1. RUESTION

8. too detailed 2 2 2 2 ]
b. too general 5 4 & 4 18
T, not easily understood i 3 1 1 4
d, misleading 1 3 3 2 2
e incorrent 3 3 3 2 10
[ s E N
2,  INDEXING to i
a, insufficient indexing: -
{1} personal errors 8 8 i1 8 34
{11} time allowance 8 8 i0 10 38
b. overdetailed indexing i i i i 4
G incorrect: -
. §1) persocnal errors 3 o 1 ] 4
{11} time allowance 3 2 3 1] 8
de insufficient number of
entries 7 o 1 o 8
2, careless indexing: -
{i) personal errors 6 i1 15 6 38
(i1} time allowance 7 3 3 1 i4
f. lack of entry in indexes :
to schedules 0 ] 1 0 i
g. lack of cross references e . ) 0 0. i
L3S I I THE o,
3. SEARCHING | = ’
a. lack of understanding 2 5 8 2 15
b. failure to use -
all concepts 3 3 4 1] 10
c. chain indexing 0 0 12 0 12
do failure to sesrch
systematically i 2 5 Y 8
2. incorrect searching 3 i 2 0 8
1. insufficient searching 2. 1. 3 2 14
4, SYSTEM Seoage
Bo number of places for
same subject 2 2 4 0 8
b. iack of place in schedules 4 3 8 ] i2
co lack of subdivisions causing
placing to be too general 3 0 0 4] 3
d. bad choice of heading 0 1 0 0 i
e. BYNONYINE 0 0 1 2 3
£ inability to combine S
particular concepts 0. 1 0 o i
4 S . =
. 5 e - i —
TABLE 5.1

REASONS FOR FAILURES IN SECOND ROUND
OF TESTS BY PROJECT STAFF
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Ub& ALPHA., FACET UNITERM TOTAL

i. QUESTION

a. too detailed 4 3 3 3 i3
b. too general 0 0 2 0 2
C. not essily understood 2 2 2 2 8
d. misleading 3 3 4 4 14
e, incorrect 1 0. 0 i 2
“L» | g H .\«“x '5:’
2.  INDEXING e
a. insufficient indexing: -
{i} personal errors 7 8 4 3 22
{ii} time allowance 8 8 9 5 28
b. overdetailed indexing 3 3 1 0 7
Co incorrect: -
{i} personal errors 4 3 4 0 11
{i1) time allowancs 2 2 3 1 8
s insufficient number of
eniries i1 8 0 0 11
€. careless indexing: -
{i} perscnal errors 16 8 14 12 50
{11} time allowance 8 2 8 5 23
f. lack of entry in indexes
to schedules 5 1 0 (1]
g. lack of cross references 1 1 1. 1 é, 4
o s Wy R L
3. SEARCHING T
2. lack of understanding 4 4 4 5 17
b. failure to use
all concepts @ 0 0 ] 0
C. chain indexing 0 0 0 0 0
. failure toc search
systematically 0 ¢ 0 0 ¢
e, incorrect searching 1 1 1 ] 3
f. insufficient searching 1 2 2 i 8
4, SYSTEM
8. number of places for
same subject 1 1 i 0 3
b. lack of place in schedules 2 2 3 0 K
c. lack of subdivisions causing
placing to be too general 1 0 0 U i
d, bad choice of heading g 1 0 0 i
€ gynonyms 0 0 1 2 3
{. inability to combine e
particular concepts 0 1 6. 7" g. W 1
- 7$f‘“ Ry . A -
TABLE 5.2 .

BREASONS FOR FAILURE IN THIRD ROUND
OF TESTS BY PROJECT STAFF




a.,

C.
d,

€.
f.

QUESTION

too detailed

too general

not easily understood
misleading

incorrect

INDEXING

insgufficient indexing: -
personal errors
time allowance

overdetailed indexing

incorrect:~-
personal errors
time allowance

ingufficient number of
entries

careless indexing:-
personal errors
time allowance

lack of entry in indexes

to schedules

lack of cross references

SEARCHING

lack of understanding
farlure to use

all concepts

chain Indexing
failure to search
systematically
incorrect searching
insufficient searching

SYSTEM

number of places for
same subject

lack of place in schedules
lack of subdivisions causing
placing to be too general

bad choice of heading
Synonyms

inability to combine
particular concepts

UDC ALPHA,

6 5

5 4

3 3

4 6

4 2
15 17
18 14

4 4

7 3

5 4
18 0
22 19
15 5

5 1

1 2

6 9

3 3

0 0

1 2

4 2

3 9
Zr 2
AL BT
= S

0 A2

0 5

0 A2
TABLE 5.3

FACET UNITERM TOTAL

G =3 W Wt

28
11

1 L2 o

E

oo

.

W ok

[

o

TOTAL REASONS FOR FAILURES IN SECOND AND

THIRD ROUNDS OF TESTS BY PRGJECT STAFF

a1
21
12
23
12

56
64
il

138
18

18

88
37

32

10
12
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PRECIS OF SUMMARY OF ANALYSIS

QUESTION

The analysis has divided the failures because of questions into five main

typesi-

2,
{a)

{a) Too detailed:- in which the information the questioner required was
hidden in a short paragraph and consisted of only a small part of the
whole paper. {21 failures).

{b) Too general:- in which the search would have retrieved large numbers
of documents, any of which may have given the information required.
{21 failures).

{c) Not easily understood:~ with which the answer might have been forth-

coming if the enquirer had been at the librarian's elbow whilst the search
was being made. {12 failures).

{d) Misleading:- again if the searcher had been able to talk to the enquirer,
the difficulty in finding the document would probably have been elimipated.
{23 failures).

(e} Incorrect:- where the questioner appeared not to have understood the
subject of the article, and compiled a question which wag inaccurate.

(12 failures).

INDEXING FAILURES

Insufficient indexing:- These are divided into (i) the errors caused through

the indexer's lack of judgement, and (ii) the failures caused by shortage of
time allowance. The latter will not be discussed, on the assumption that the
indexer would have made the necessary additions to his entries had time allowed.

(i) Personal errors:- Under this heading have been placed fifty six failures.

This total comprises the single failures under each system, but they are
grouped in this analysis under the causes of failure and not the systems.

(@) Omission of an important concept: - In 16 cases, the indexers' fallure

to include an important concept has caused the document to remain
untraced.

{8) Too general indexing: - In 12 cases, the indexer did not index particular

concepts in as much detail as he could have done, and so placed them at
a more general number or heading.

(y) Failure to recognise practical applications: - In 2 failures, the Indexer

omitted to index the applications of the subject of the paper. In each
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paper, the theory was indexed in suificient detail, but the practical
applications, usually referred to in the summary, iniroduction or
conclusions, were ignored.

{6) T.ack of technical knowledge: - In only 5 cases was it apparent that

a particular concept was missed because of the indexerts lack of
technical knowledge.

{e} Effect of one cencept on another; - In one failure, it was clear that

the indexer, although he had indexed the principal part of the paper,
ignored the effect of a single concept on another concept. As the
document was approached by a question based on the second concept

it remained untraced.

{b) Overdetailed indexing:~ 11 failures have been classed under this heading,

emanating from 4 documents. In each of these documents, the indexer
indexed the examples given in the test, but did not index the general purpose
of the article, in each case expressed by the title. As the questions were
based on the titles, the searchers were not able to trace the documents from
the specific headings and entries given, without checking whole sections of

the catalogue.

{c} Incorrect indexing:- Again, only section {i) under which have been placed

the failures caused by personal errors not affected by time allowance, are
considered.

There were 7 failures under this heading, in the U.D.C. system, 3 by
Alphabetical and 5 in the Facet system. The failures in U.D. C. are not
easily explained, for a rule that had been fully understocd by the three
indexers had, on these occasions, been ignored. Possibly fatigue of the
indexer, or some slight forgetfulness was responsible.

The errors in Facet were due to carelessness or lack of memory., The
indexer remembered an element of notation incorrectly, but it was used so
frequently that it was not checked in the schedules. Although the documents
were not traced in three systems, there were sufficient Uniterms found to

congider the searches successful.

{d) Insufficient number of entries:- The failures falling under this heading are

from two systems only, U.D.C. and Facet.
The 18 failures with U.D.C. are due to lack of permutation. The indexer

had, in each case, chosen the correct U.D.C. number, but had not made
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sufficient entries from those numbers., Also, on occasions, the indexers
coloned four U.D.C., numbers for one entry. It was found in the searching
programme that a searcher rarely used more than two notational concepts
with which to start his search programme.

The one failure in Facet was traced to the indexer's use of one long
entry, of nine elements, which would have made necessary a long search
via the chain index to trace the particular document. This was because the
question was more general than the indexing entry, which with the addition

of extra elements separated those required by the searcher,

(e} Careless indexing:- A total of 88 reasons for failure fall under

section (i} Personal errors. Again, only these are considered useful to
discuss, as the remainder are due fo shortage of indexing time allowance.

Of these 88 reasons for failure, 22 documents were not traced in U.D. C.,
19 in Alphabetical, 28 in Facet and 18 in Uniterm. There is no apparent
reason, apart from carelessness, for the high numbers in Facet or
Alphabetical, or U.D.C. Pogsibly the failures in Uniterm were due to the
fact that code numbers and not terms were entered on the master indexing
card, so that the indexer could not readily assess which Uniterms he had
included. I is true that numbers are used for the notation of U.D, C., but
these would be fewer in toto and were more familiar to the indexers.

73 documents are included in this total of 87 failures, showing that
normally the indexer used the necessary elements for success in most of
the systems, but through lack of thought or carelessness, did not include
the elements in all the systems. In each case considered, the inclusion of

the same elements in each system would have traced the document.

{f) Lack of entry in indexes io the schedules: - 7 failures can be attributed

to this reason, 5 in the U.D.C. system, one each in Alphabetical and Facet.
The failures in U.D.C. were caused by the use of a new number without
the appropriate entry being entered in the alphabetical index. Thus the
searchers for these documents were unable to find thelr way to the correct
part of the catalogue,
The single failure in Alphabetical was also due to a new heading being
used. Later, the form of the heading was altered to bring it into line with

the other entries, but no reference was made from the first heading to the second.
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Lack of cross reference:- 5 failures are included under this heading, 4 from

the same document. A particular term was used in the title and question
which w‘as not known to either the indexer or searcher. If, in the alphabetical
lists to all systems, an entry had been made from the unknown term to that

in each system under which the document had been placed, there would have
been no difficulty in searching. One failure in the Alphabetical can be
attributed to the searcher failing to check a heading with which she was not
familiar, due to the fact that there was no cross reference from the general

heading to the more specific.

SEARCHING FAILURES

Lack of undersianding:~ Some failures where,if the questioner had been

available, the searcher might have been able to formulate the search
programmes correctly, are included here as well as in Section 1{c). There
are also the failures in which if the searchers had given a little more thought
to the problems, the documents should have been traced without difficulty.
Three questions failed in all four systems because the searching
programme did not include a concept which should have been undersiocod,
and used from the question. A fourth question failed inAlphabetical, Facet
and Uniterm, because of the same reason but, as the particular concept
could not be expressed in the U.D.C. code, it cannot be counted as a reason
for failure. Also, a fifth question failed in U.D.C., Facet and Uniterm, but,
as the particular concept omitted in the searching programme was used as

a subheading in Alphabetical, the reason for failure is due to another cause.

Failure to use all the concepts given in the question:- Under this heading

fall 10 documents, 4 failing in the search of the Facet catalogue, and 3 each
in the Alphabetical and U.D.C. catalogues. In every case, the searcher
failed to include in the search programme all the concepts given in the
qguestion. If these had been included, the required documents would have
been traced.

Three of the failures in the searches of the Facet catalogue were
because the searchers were frightened away by the number of cardse under
the single concept they had chosen. If they had also used one or more other
concepts, the number of necessary searches in the classified catalogue

would have been greatly reduced, and the search would have become realistic.

Chain index:- 12 documents remained untraced in the Facet catalogue because
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of the searchers refusing to continue with a search. In each case, all
possible concepts were taken from the question, and used in the search
programme, yet still the searches involved too many entries into the
classified section of the catalogue from the chain index. The questions
concerned can be divided into two; either they were too general to enable
the chain index to be used satisfactorily, or there was no single adequate
place for entry via the schedules, but several possible places, each of which
would need to be checked in the chain index.

For the third round of testing, this heading does not apply, as
physical search in the classified catalogue was cbviated by
the searchers listing from the chain index, the eniries containing the

required elements and checking these against the master card,

{d} Failure to search systematically:- Under this heading are included cases

where the document was not traced, because the searcher did not take the
search to the limits allowed by the decision of the project staff. For
instance, if a search programme included three concepts, only one could
be dropped, although each could be dropped in turn, leaving iwo concepts
remaining for the next search programme. This limitation was made so
that the seafchers would not let their searches become too general. In
these particular cases, this limitation was not reached, although if it had
been, the documents would have been traced.

Algo included under this heading are the failures in the Facet system,
where the searcher has tried a place in the classified catalogue, yet not
checked under the translation of that element of notation in the chain index.

Another reason for failure in the Facet scheme was when the searcher
did not check under the sub-divisions of a concept, which could easily be
found from the printed schedules.

One failure in U.D.C., two in Alphabetical, and five in Facet comprise

the 8 failures.

{e) Incorrect searching:- 5 failures, two in the U.D.C. scheme, and one

each in Alphabetical and Facet, were due to the searcher checking an
incorrect place in the catalogues. In the U.D.C. failures, the searcher
probably through carelessness, checked the entry next to the correct entry
in the alphabetical index.

One guestion in U.D.C., Alphabetical and Facet, failed because the
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gsearching programme was incorrect. The document was traced in the
Uniterm system because of sufficient additional Uniterms traced o

constiiute a success,

{f) Insufficient searching:- Under this section fall 20 causes of failure from

13 documents. 3 failures were from the U:D. C. catalogue, 8 from the
Alphabetical, 5 from Facet and 3 from Uniterm. In most cases the searcher
did not formulate sufficient search programmes, or check in all the possible
places in the catalogue.

One question failed in Alphabetical and Facet for the same reason, but
was traced in U.D. C. because of the ability to combine iwo numbers and
yet make a general search through the second. i.e. 533.6.013. 129: 533,692+,
In the Uniterm system, sufficient Uniterms were traced {o consider the

gearch successful.

4. SYSTEM

{a) Number of places in the schedules for the same aspect:- In the U.D. C.

searching, it was discovered that one failure was due to a number of entries
in the alphabetical index for the same aspect, although each entry was
described by the containing heads. Thus it was possible to sort the number
-of places into order of relativity. In another case, there were four possible
places in which to index or search, and the searcher did not try them all.

In the Alphabetical searching, two failures were caused by there being
two entries for similar concepts. A cross-reference from one to the other,
or the inclusion of both under the same heading, would have eliminated the
difficulty.

The Facet searching brought out two failures atiributed to the fact
that in both cases there are iwo or more possible ways of indexing and
gsearching for the same concept. With each failure, the indexer used one
method and the searcher another.

in another case, the failure showed up the ability of the indexer or
gearcher to use ierms which, with adjectival terms, build up expressions
with the same or similar meanings. Some decision should be made as to
which is the more suitable, and the material placed under one heading,

with a see reference in the chain index from the other.

{b)} Lack of place in the schedules:~ 12 searches were unsuccessful because

there was no obvious place to which the searcher was directed by the indexes
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to the classification schemes. One of the three documents was not traced
in either the U.D.C., Alphabetical or Facet systems. Of the other failures,
3 were in the U.D.C. system, 2 with Alphabetical and 4 with Facet.

In each case, as the guestion was a fair one for the subject of the
document concerned, it also applies that the indexer could find no

satisfactory place in which to classify the document.

Lack of sub-division, causing the placing to be ioo general:~ Three

failures, all in U.D.C., were assessed to have been caused by a lack of
sub-division in the printed schedules, thereby cauging the place chosen

to be too general. In one case, the place provided in the aerodynamic
schedules was too general for such an aerodynamic collection, but in a
second failure, it is the indexers’ use of the schedules that is criticised,
not the printed schedules themselves. There was provision for sub-division
by alphabetical arrangement, but the indexers chose not to use it. Hence,
the section was very full and searching time was increased because of the

size of the section.

Bad choice of heading:~  One failure in the Alphabetical catalogue was

due to a bad choice of heading. The heading, which was adjectival, was
a general one, whereas the use of the particular adjective implied that a
more specific heading should have been used. The searcher therefore,

did not lead to the correct place in the catalogue.

Synonyms:-  Three failures were caused by synonymous terms, one
in the'Alphabetical system and two in Unitiérm,

With one question, there was a failure to trace the required document
in both Alphabetical and Unlterm, yet the searches were successful in the
other two systems, solely because the two particular terms were included
under one heading or number, '

The third failure, In Uniterm, was caused by three similar Uniterms
which should have been combined under one Uniterm, with references

from the others.

Inability to combine particular concepts:- One failure was caused by the

inability in the Alphabetical systems to combine two concepts. To search
each concept individually, would have made the search too general.
in the three other sysitems, the document was traced because the

two particular concepts could be combined.
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Question, Indexing, Searching and System, and fror this will be noted the major

part due to indexing, and the small percentage which can be shown to have been

caused through any weakness of the indexing system. The basic figures are

rearranged in Table 5.5. to bring out the effect of personal errors and the time

allowance for indexing. While the latter was adjudged to be responsible for 22%

of the failures, personal errors in either indexing or searching caused over

half of the failures.

uDc
QUESTION 22 {13%)
INDEXING 108 {70%)
SEARCHING 17 {11%)
SYSTEMS 9 {6%)
i3

ALPHA.

30 {17%}
88 {56%)
25 {21%)

7{6%)
Y

TABLE 5.4

FACET

26 (16%)
80 {54%)
39 (24%)

A0 {6%)

UNITERM  TOTAL

21 (25%)
51 (60%)
10 {12%)
%’“(3%)

REASONS FOR FAILURES (PROJECT STAFF)

une
PERSONAL ERRORS
Indexing 66 (43%)
Searching 17 {11%)

LTIME ALLOWANCE 36 (23%)

QUESTION 22 {13%)
ALL OTHER
REASONS 5 (10%)

ALPHA.

43 {36%)
25 {20%)
23 {19%)
20 {17%)

,,1;9’(8%)

TABLE 5.3

FACET

52 {(32%)
27 {16%)
36 (21%)
26 (16%)

24 (15%)

UNITERM

28 {34%)
10 (12%)
22 (26%)
21 {25%)

- 3(3%)

89 (17%)
318 (80%)
91 {17%)
a8 ey (77

nr

ALL SYSTEMS

189 {36%)
79 {15%)
117 {22%)
85 {17%)

52 (10%)
6%

BBEAKDOWN OF REASONS FOR FAILURES (PROJECT STAFF)
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In addition. an analysis was made of the cases where the technical staff
had failed to retirieve the source documents and Tables 5.6 and 5.7 summarise
the results of this analysis. These show a greater proportion of failures due
to searching by Alphabetical and Facet, but a much smaller change in this

respect for U.D. C, and Uniterm.

’ unc ALPHA, FACET  UNITERM TOTAL
QUESTION 20% 15% 16% 25% 17%
INDEXING 53% 32% 34% 53% 42%
SEARCHING 23% 49% 43% 20% 37%
SYSTEM 4% - 4% 7% 2% 4%

TABLE 5.6

REASONS ¥OR FAILURES (TECHNICAL STAFF)

vDC ALPHA, FACET UNITERM TOTAL
PERSONAL ERRORS
Indexing 40% 28% 24% 33% 33%
Searching 17% 32% 33% 18% 24%
TIME, ALLOWANCE 15% 16% 14% 20% 17%
QUESTION 20% 15% 16% 25% 17%
ALL OTHER
REASONS 8% 9% 13% 4% 9%

TABLE 5.7

BREAKDOWN OF REASONS FOR FAILURES (TECHNICAL STAFF)
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CHAPTER 6

SUPPLEMENTARY TEST PROGRAMMES

The whole emphasis of the basic test programme was concerned with recall,
based on the retrieval of source documents. Relevance of the documents retrieved
had in other investigations proved to be too difficult a problem to be satisfactorily
sblved, for relevance is, in the present state of the art, a purely subjective
assessment. It will vary with the interesis of the different individuals who make
the assessment and it can also vary for the same individual at different times.

In fact, the only person who can truly assess the relevance of a document to a
question is the person who asks the question, and then only at the time when he
actively requires the information. Even under these conditions, the high or low
relevance of a particular document can obviously be influenced by any other
documents retrieved. It was to side-track temporarily these difficulties that the
particular test technique of the basic programme was used, and the intention was to
make tests of a different nature which would enable more information to be obtained

on other matters such as relevance,

A first task was to find exactly what was being measured, exactly what was
implied when it was said that Uniterm, for instance, had an ef‘ﬁc\i?ncy of 85%.
At the time of the first public discussion of the preliminary resulté {Ref. 3}, we
affirmed that this did, in fact, mean that the searches were retrieving 85% of all
the documenis in the system which had a degree of relevance which was higher
than or at least equal to the document on which the question was based. To this
statement there was one qualification, namely that the figure of 85% might be
too high due to the fact that there was an unnatural correlation between the
document and the question as compared to a true life situation. If it were shown
that this correlation resulted in the efficiency being, say, 15% higher than it would
otherwise be, then it might be expected that the figure of 70% would represent the

real efficiency of recall.

The supporting argument for this view was as follows. It is known that
amongst the total collection of documents there is a group of 100 documents which
will provide relevant answers to 100 questions, namely the documents which were
used by the compilers of the questions. This was the situation in the main test

programme, and the result of searches for 100 questions was that with Uniterm
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for instance, on an average 85 of this known group of relevani documents was
recovered. Assume that there had been another group of 100 equally relevant
documenis for the same collection of questions; it is not unreasonable to presu me
that 85% also of these would have been retrieved. Assume a further 100 relevant
documents, with the same search result. Continue this to a stage where there

is a collection of 10,000 documents, with 100 documents being relevant to each
question. The result of a single search would then be expected to be that 85 of

the known 100 documents were retrieved.

The above argument has not been shown to be false or illogical, but further
tests were reguired to show how valid it could be considered. The method of
attempting to do this was to select 100 questions. The selection was made in
such a way as 1o ensure that half the questions covered aerodynamic subjects,
while the remainder dealt with the other more general subjects in the collection.
These were sent in groups to the librarian or information staff at different
organisations working in the appropriate subject fields. They were requested
{see Appendix 6A) to prepare as complete as possible bibliographies for each
question. In particular it was emphasised that a bibliography was not intended
to be critical, but that it should include any reference which it appeared might be
relevant to the question. We received bibliographies covering 88 questions, and
18 guestions had duplicate lists from different organisations. On being received
at Cranfield, each biblicgraphy was checked to ascertain which iterns were
included in the documents covered by the index., Eight bibliographies did not
include any references o such documents, so there were left bibliographies to
80 search questions. The total number of references in these bibliogx;aphies
to papers which had been indexed in the project came to 359, varying from one
to a maximum of fifieen. The source documents were not to be included in this
test, so whenever they appeared in a bibliography, they were crossed out. Each
of the 359 documents were then assessed in relation to the appropriate question,
with the source document being used as a guide io determine relevance. The
agsessment rating was 117 for documents as useful as the source document,

191 for documents of some interest and '3' for documents of no interest.

As a result of this assessment, there were 53 documents which had a rating
of 11!, and 67 documents with a rating of 129, the remainder not being considered
of any interest. The number of questions which were covered by documents of

top relevance was 35, and 6 other questions had documents of lower relevance.
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The breakdown of these guestions and documents is shown in the first twoe columns
of Table 8.1. BSearches were then made for these 41 questions, but in this case,
contrary to the main test programme, the searcher did not know the ddcument
aumbers of the relevant documents and the search continued until the searcher
had eovered all reasonable possible programmes. The results of these searches

are given in the final column of Table 6.1 and Table 8.8 gives the total figures.

No. of relevant Nurmber of relevant documents retrieved
documents f¥inle: ALPHA TPFACET UNTERM
2 i -2 1 -2 1 -2 1 -2
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39 - 48 40 ~ 47 32 - 41 40 - 51
74% ~ 73% 5% - 70% 60% - 61% 75% ~ 78%
TABLE 6.1

RESULTS OF SEARCHES FOR RELEVANT DOCUMENTS
FROM BIBLIOGRAPHIES
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RELEVANCE
1 2
u.b.C. 39 (74%) 48 {73%)}
ALPHA 40 {75%) 47 {70%)
FACET 32 {60%) 41 {61%)
UNITERM 40 {75%) 51 {76%)
TABLE 8.2

SUMMARY OF RESULTS OF SEARCHES FOR RELEVANT DOCUMENTS
FROM BIBLIOGRAPHIES

While it is the case thai, because of the relatively small number of documents

concerned with this test, the standard error is high, it would seem probable that
there has been a slight but definite reduction in the efficiency as compared with
the main test, Possibly significant is that Uniterm shows the largest drop for

the figures in the basic test.

This test involved a great deal of effort, not so much for the project staff
as for those who voluntarily co-operated by compiling the bibliographies and it is
doubtful if the more valid information that could be obtained by a larger programme
would be commensurate with the effort involved. Ii was a disappointment to find
so few relevant documenis amongst those which had been indexed in the project.
Unfortunately this test was under way before the relevance assessments
(discussed later in this chapter) had been carried cut; had the latter been
completed first, it would have been no surprise to find that the large majority
of documents lisied in the bibliographies were of no interest and it would certainly

be unreasonable to criticise those who gave generously of their time.

If it is agreed that 85% efficiency in the main test is equivalent to retrieving
85% of the relevant documents, it is still necessary io make some qualifying
statement concerning the operating conditions. The 85% efficiency of Uniterm
was achieved using the search rules as considered in Chapter 2. These permitted
the searcher to drop one, but not more than one, of the basic concepts originally
considered necessary. If the search programme requiring ABCD proved ‘
unsuccessful it was permissible to search ABC, ABD, ACD or BCD but not
permissible to search AB or any other two-concept term, much less A or B or
C or D on their own. As stated earlier, with KWIC indexing and also with Uniterm,
if a single concept had been accepted, the efficiency would be 97%. Obviously, if

it had not been possible to accept something less precise than the original require-~
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ment, it is certain that the recall efiiciency would have been lower. The result is
that there is the possibility of guoting three different performance figures, those
with Uniterm as an example being:

85% when all concepts are required

85% when one less concept than the required is accepted

27% when s single Uniterm is accepted.

The only practical method of showing these varying points is by plotiing
them againat relevance ratio, that is the perceniage of the retrieved documents
which have an agreed relevance, This mstier is consgidered in more detail in
Chapters 9 and 10, and mention is only made here in connection with the analysis
that wag made. Sufficient now to make the point that as the recall figure (i.e.
the percentage of potentially relevant documents in the collection) rizes, the
relevance ratio {i.e. the percentage of relevant documents arnongst the total of
those retrieved) must fall and conversely as the recall figure drops, so the

relevance ratio will improve.

in order ito find the relevance ratioc, an sssessment was made of the number
of documents which had been refrieved in the course of the searches. For this
purpose a random sample was taken of 79 guestions spread over all Indexing
variables. From the master search cards there was obtained a liat of all the
references found in the course of the gearches, This showéd that the total

number of documents obitained in the searches was as in Table 6. 3.

Total Average per search
u.n.c, 3173 40
ALPHABETICAL 2122 27
FACET 1610 24
UNITERM 1527 18

TABLE 6.3

TOTAL DOCUMENTS RETRIEVED IN SAMPLE OF 78 SEARCHES

Thess numbers may seem large, but in every case were swollen by very
heavy retrieval in certaln searches and if the twelve searches with the higheat
retrieval figures were deducied in each case, the flgures for the remaining 87

searches would read as in Table §. 4.
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Total Average
u.n.cC. 1348 . 20
ALPHABETICAL 940G 14
FACET 1080 i8
UNITERM 898 13

TABLE 6.4

DOCUMENTS RETRIEVED IN SAMPLE OF 67 SEARCHES

A sample was taken of the documents reirieved by each system. The
intention was that an assessment analysis of approximately 400 documents should
be made for each system. Care had to be taken not o blas the sample by using
documents which had been retrieved by all systems, as this would have tended to
include those which had a strong probability of being relevant. Naturally,
however, there wag some duplication and the sample finally involved a total of
758 documents, which were assesgsed in the ssme manner as described for the
previous test. Frowm this random sample, it was found that a total of 59
~documents with the top relevance rating had been retrieved, In addition of course,
to the source documents. These were in many cases retrieved by more than one
system, bui they turned up in the analysis of the different systems as get our in
the first column of Table 6.5,

a b b+ gource Relevance ratlo
U.D. L. 19 150 229 7%
ALPHA, 32 188 244 12.5%
BFACET i8¢ 85 154 7.5%
UNITERM 28 1901 180 12%

TABLE 6.5
RELEVANCE RATIO OF DOCUMENTS
. RETRIEVED IN 79 SEARCHES

a. HRelevant documents in sample assessed
b. Assumed relevant documents in total retrieved
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To find the total number of relevant documents retrieved, the total in this sample
was multiplied by the appropriate factor depending on the total number of documents
retrieved by each system {(as ghown in Table 6. 3). This figure ig shown in the
gecond column, while the third column gives the total when the number of source
documents have been added o the figures in column 2, Finally the relevance is
obiained by finding the percentage of relevant documents against the fotal number

of documents retrieved, {as given in Table 8.3).

As will be seen, the resulis showed a suspiciously large variation regarding
relevance ratio, so a further check was made., This consisted of finding exacﬂy
how many of the 59 top-relevance documents had in fact been retrieved by each
gystem as against those which had happened to be included in the assessed sample.
The result of this check is given in the second column of Table 6.8 and shows a
major change, for Alphabetical, which had originally disclosed the most non-source
relevant documenis, now dropped to the bottom, whilevthe other three systems were
all very level. The third coluran shows the percentage retrieval from the known
collection of 58 non~-source relevant documents, and this should be compared with
the final column of Table 68.2. It does not, hawéverD {ell the full story, for the
non-source relevant documents included in this analysis were only those retrieved
by the successiul programme for the particular system. To explain this point,
it will be recollected that in the main test, the search was only carried to the
stage where the source document was located. This might, in some cases, have
 involved many different programmes with one system, but only a single programme
with another system. Normally the more aearches, the more documents retrieved,
and this would usually resull in more relevant documents being retrieved, with the
penalty that more irrelevant documents will also be brought out. Since the non-
gource relevant documents we}e only those that had been retrieved in the course
of possibly limited searches, a check on this was made by going back to the master
search card and indexing card for all the failures to retrieve these non-source
relevant documents, and attempting to assess whether an extended and complete
gearch programme would have retrieved them. The result of this analysis was
that the flgures in the second and third columns should be improved to those
given in columns 4 and § of Table 6.6, and represent & congiderable increase on
the flgures for Table 6.2 and even an increase on the searches for source

documents in the main test programmae.
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a b d d e
U.b.C, i9 43 1% 46 78%
ALPHABETICAL 32 as 61% 48 B1%
FACET 18 41 68% 50 85%
UNITERM 28 42 70% 83 a0%
TABLE 8.8

NON-SOURCE RELEVANT DOCUMENTS RETRIEVED
IN 79 SEARCHES

&, Relevant documents in gsample asssasged
b. EKnown relevant documents retrieved
e. Percentage of known relevant documents retrisved
d. Known relevant documents which could have been
retrieved by improved scarches
e. Percentage of known relevant documents which
could have been retrieved by improved searches

This somewhat tortuous analysis serves to emphasise nothing more than the
sxtreme danger of placing too much credence on any of the figures which are not
otherwise corroborated. To recap, there is the known figure of recall as given
in the main test. Of this flgure the claim has been made, earlier in this chapter,
that i represents not only the recall figure for source documents, but also the
recall figure for all relevant documenis in the collection. The two supplementary
tests have shown that this statement is probably true with one proviso. It appears
doubtful if an equal percentage of the iotal of non-source relevani documents were
actually retrieved, but it does appear from the final column of Table 6.6 that an
equal figure could have been obtainad with extra reasonable search programmes.
On the other hand, the final columan of Table 8.2 indicates a general lowering of
the main test figures for recall and this could be taken to indicate that the |

gquestions were slanted towards the source documents.

In point of fact, the documenis beling assessed in these two further tests
numbered only 53 and 59 respectively, and this is too small a figure to have any
real validity. To have increased this figure materially would have involved a
large amount of exira work and would still only produce figures whose basis would
be the unprovable assumption that the relevance assessment wag correct,

It was quite impossible to go back to theoriginators of the guestions for them io
determine the relevance, and even if this had been possible, it would, in view of

the lapse of time, have been impractical o do so.
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The present investigation was nol geared to carry out this refinement of
operation, and it was decided that it was unwise to spend much further time in
trying to make fine measurements with a crude instrument. However, the ratio

of relevant docwments to irrelevant documents in the operation of this test can be

 paid with some certainty to lie between 6% and 14%. Whereas it is, at this level,

8 very wide range, it does indicate, possibly for the first time, the region in which
information retrieval systems are conventionally working. Crude as these further
tests were, they did give pointers io the more valuable analysis described in

Chapter 7 and the further programme considered in Chapter 10,

A further test was made in an attempt to find what improvement could be
obtained by combining the specialised knowledge of the technical staff and the
project staff in searching. For this purpose,in each system 60 searches which
had been unsuccessiul both by technical and project staff were repeated. These
failures were all in the firat iwo rounds of testing, when the search programmes
had not besen co-ordinated between the four systems, and the test was done prior
to the analysis of failuves described in Chapter 5. The result of this collaboration
between technical and project staff was that a further five scurce documents were

located in U.D.C. and Facet, six in Alphabetical and four in Uniterm.

Another test, which falls into a different category, was made with Facet.
The results for Facet had been disappointing, for they were markedly lower than
the other systems. Personal observations of the searchers, reinforced by the
analysis of failures, was that the main weakness of Facet lay in the fixed order
and chain index. This difficulty was forecast in the section written by Mr. J.Sharp
in Chapter 4 of Ref. 1, and it was contemplated that it might be worth testing
Facet by using it in a post-co-ordinate manner. It was, however, first decided
to try the effect of using it as one does with U.D.C., ignoring the fizxed order
sndpermitting the free co-ordination of terms in any order which the indexer

considered reasonable and possibly useful for retrieval.

2,000 master indexing cards were taken, and from these Miss Warburton
regrouped the notation as made in the original indexing. A typleal example of
this was document P14287 which was originally given the single entry:
Cd(Zqv)Juy Ned Nfj Nfk Of Yas, with the chain index entry "Solution: Stagnation:
Boundary layer: Compressible flow: Laminar flow: Angle of Yaw: Infinite:

Wings". When re-indexed, this involved entries which were as follows:
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Juy Ca{Zqv)

Of Nfk Nfj Ned

Cd{Zqv)Ned Nfk

Cd{Zqgv)Nfk Ned

Cd{Zgv)Iuy

The instructions were that an average of 4 - § entries should be made for

each document, so as to maintain the level used in the U.D.C. and Alphabetical
catalogues. On completion of ihis task, 400 searches were made again using the
elements requested in the original search programmes. The successful searches
using this method came to 332, an average of 83%. This was 8% higher than
PFacet had achieved by the use of chain index and fixed order, and was higher than

either U.D. C., Alphabetical or Uniterm in the main {est.
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CHAPTER 7

TESTING OF EXISTING SYSTEMS

Whereas the main investigation had aitempted to simulate as far as posgible
normal operating conditions, yet it had artificialities, some of which were
inevitable, others which were imposed by the requirements of the programme.
Even if in the indexing it had been practical to simulate exactly a normal
operation, the resulis of the work would inevitably be subject to the limitations
that are inherent in any single system, such as the operators of the system, the
subject field, the purpose of the sysiem, etc. There would, thevefore, be at the
conclusion of the investigation the dual requirements of sitempting to find to
what extent the results of the investigation had been influenced by the inherent
artificialities and also to what extent the results could be consldered applicable

to other operating conditions of the type mentioned above,

From the commencement it had been hoped that it would eventually be found
practicable to do these two separate tasks with only a small amount of the effort
and expenditure involved in the present project. When the first set of analyses
had been made {as discussed in Chapter 5), it seemed that it would be possible
to make a test which, in addition to providing information on these points, would

also be of some value to the system being tested.

At the request of the Director, the Library of the English Electric Co. Lid,,
at Whetstone, kindly agreed to allow the Project staff to carry out a test on their
catalogue. From our viewpoint this was to be an experiment designed to show
whether such a technique of testing could produce valid results, and at the same
time it was hoped that the co-operation of the library staff would te some extent

be repaid by providing data which would assist in the operation of the catalogue.

On the completion of this test in June, 1861, a report was prepared for
private circulation amongst the libraries of English Electric Group of companies,
and the following account is largely taken from this repoft, which was prepared
by Miss Warburton of the Project staff and Mrs. J. Aitchison, Librarian at
Whetstone.

The English Electric Library at Whetstone, now the Central Library

Service for the Group, developed a faceted classification scheme in 1858, the
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third sdition of which was issued in March, 1961. The system is used at the
Whetstone and Bradford libraries of The English Electric Company and has
since been adopted by newly established libraries at the Stafford and Liverpool
Works. The facet scheme i3 also used in certain library publications, the most
important of which is the monthly Reports Abstract Bulletin indexing English
Hleetric reports. The catalogue at Whetstone, which was tested between

January and April 1961, contained cards for approximaiely 36,000 documents.

The schedules were constructed according to facet principles as underatood
from the writings of members of the Clagsification Research Group. The sublect
field, the whole of engineering, was divided into the basic categories, plant and
machines, components, materiale, physical phenomena, operations and
instruments, and within these categories terms were further analysed and
grouped according to clearly defined characteristios. The achedules, like those
of the Cranfield Facet Schedules, are short compared with enumerative schemes
since only basic terms are listed, from which the clasgifier must himself

synthesise class numbers for complex subjects.

The orthodox method of preferred order and chain index technique is used
in the Whetstone Catalogues, but care is faken to ensure that the scatier of
subsidiary terms inherent in preferred order does not render the catalogue
unworkable as a speedy retrieval tool. The number of concepts used in
combination are kept within Umits and it {s recognised that there should he
consistency in omission and addition of terms during synthesis. In certain
parts of the schedules there are rules digallowing certain combinations of
termsa 5o that scatter is reduced. Algo, when adding new material, the classifiers
check both chain index and clasgified sequence so that like documents are kept
together and not separated by slight inconsistencies in combination of terms. As
a result, the average number of terms used in combination is three as compared
with the five used in the Facet catalogue at Cranfield. At the time of the test
the catalogue contained 76,000 eards of which 48,000 cards (B3%) were in the
class sequence and 28,000 cards {37%) in the chain index. The average nwmnber

of cards in the catalogue for each document was 2.05,

The first requirement in a test of this nature is to have relevant informeation
concerning the indexing and it was fortunate that this was already available in

that, as a matter of routine, records were maintained of the indexing of each
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document. 200 references were chosen at random from thoge documents which
had been indexed, and the selected documents were divided out amongst a number
of technical staff at Whetstone. They were asked to compile questions of a kind
which they might expect to put to the library in the normal course of thelr work.
These questions were to be such that one of the documents which they had been
given would provide a satisfactory answer to a question. These questions were

collected and transferred to search cards.

Altogether there were 186 questions, and Miss Warburton, with some small
assistance of a former member of the project staff, made searches for all these
questions. In addition, members of the English Electric Library staff repeated
88 searches. As in the main project the searches were continued until the
source document had been located or until no further search programmes could
be devised, and the searches were considered on this basie as belng either

auccesses or failures. The results are as shown in Table 7.1.

®

Searches Success Pailure % Success
Project staff 186 144 42 77.4
B.E. Library staff 88 80 18 73.5
TABLE 7.1

SEARCH RESULTS IN ENGLISH ELECTRIC CATALOGUE

The average time for carrying out a complete search was 5% minutes; for

failures only, it was nearly 11 minutes, while for successes it was only 4 minutes.

The first point of importance arising from this test was to find that the recall
efficiency fell within the range of the systems tested in the Cranfield Project.
As explained earlier, the English Electric staff normally used lesg elements in
notation than had been Cranfield practice, this resulting in a lower nurnber of
cards for the chain index. In addition, the indexer was in the habit of checking
previous indexing of similar documents, and this achieved greater conaistency
in notation. One result of these factors appeared to be 2 decrease in retrieval

time compared with the Cranfield facet index.

An interesting point arose in the searching by Miss Warburton. It had been
thought that there might be difficulty for her in searching a gystem where the

classification scheme was unfamiliar and where many of the questions dealt with
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a subject field (nuclear engineering) in which she had no practical experience.
In fact, her first fiffeen searches were all successful and this, combined with
the final success rate, shows that for an experienced librarian neither an
unfamiliar indexing system nor a relatively sirange subject field present oo

serious problems.

Facet
E.BE.Test Cranfield Test
Poor Question 12% 4%
Indexing 43% 49%
Bearching 32% 33%
System 13% 18%
TABLE 7.2
REASONS FOR FAILURE IN ENGLISH ELECTRIC
CATALOGUE

E3

The comparison of failures (Table 7. 2) showed remarkable consistency.
For instance, assessed indexing failures were 47% against 43%. Within this,
ihe figure for insufficient indexing was 22% as against 20%. The errors due
to the system were in bpth cases mainly concerned with difficulties caused

by the chain index.

As has been discussed sarlier, the preferred order with a chain index
had appeared to be a major weakness of the project facet catalogye, so it was
interesting to have this confirmation with the English Electric catalogue., It
wag this which made us decide o retest the facet catalogue as discussed on
page 58 , and the resulis of this test were sufficiently conclusive for the new
systems subsequently set up at two other Euglish Electric plants to be without

preferred order.

It had been the hope that it would be possible to make an agsessment of the
relevance of other documents retrieved in the searches, but due to staff changes,
this proved impracticable. Although, in this respect, the test cannot be
considered ag complete, it still served to show a number of interesting points.
Most important, it showed that this method of testing was comparatively
straightforward and provided a considerable amount of data for analysis, some

examples of which are given in Appendix TA. Further it appeared to confirm
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at the Whetstone library, it was found necessary to expand and make additions to
the schedules in order o cope with the conceniration of documenis in the

comparatively narrow

This in itself was an interesting and useful
exercige and will be considered in detail in the report on this work; here it is

suificient to sav that litile difficulty was found in accommodating the new concepts.

ingiructions to the indexer at Cranfield were that the indexing should be as
thorough as was reasonable, and should for preference err on the side of over-
indexing rather than under-indexing. As can be seen from the sample indexing
card, {Fig. 4 ), the indexing was recorded in three stages. First the concept
indexing was done; this is to say that the indexer wrote down those congepia in
the document which were considered to be sufficiently important to merit indexing,
The second stage was to translate the concept indexing into the notational elements
of the descriptor language and the final stage was to decide on the suitable
combinations of the separate notational elements which would serve ag index
entries. This last sentence shows that the use of the chain index was abandoned,
& decision which appeared to be justified in the light of the results obtained in

the project and in the English Blectric test.

It was desired to simulate as far as possible the conditions under which the
W.R.U, index would be tested. In a conventional card catalogue, the searcher
has, at the time and in the course of the search, the advantage of being able to
read the titles, the references sand possibly the abstracts of the documents
retrieved, and this might well be of asgistance in devising further search
strategies, or the eye might alight, by chance, on an entry under a heading that
might not otherwise be searched, With a computer, however, the searcher will
not have any such assistance. Therefore in the card catalogue prepared for the
Cranfield indexing, the cards conteined nothing more than the notational heading

and a code number which identified the individual article,

The assistance of a group of twelve metallurgisis in ten different crganigations
was enlisted for the preparation of the guestions io be uged for the test searches,
Fach person was a=oi a nurober of the marked title pages and allowed to make a
personal selection of articles dealing with subjects of his particular interest.
These articles were then used as the basis for questiong of & kind which he
might expect to make in the course of his normal duties. A total of 137 cnestions
were obtained in this ivay, and ware gent to W. R. U, There the guestious were

programmed, searches made in the computer, and the references retrieved in
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the course of these searches sent to Cranfield. Bach search was checked to
ascertain whether the source document had been retrieved; if so, the search
wag considered successful and W.R U. were advised which had been the source
document. When the search was unauccessful in this respect, W.R. U, were
not given the reference to the source document, and so were able {o make a

fresh search.

The questions were alsc given to members of the project staff to search in
the Cranfield facet catalogue. The difference between these searches and those
done in the main project test was that in this case the searcher did not know
when or whether the source document had been reirieved. This meant the search
was continued until no further reasonable programmes could be devised, and
gince, as deseribed above, the catalogue cards only contained the notation and
a document code number, the searcher had no information {o assist in deciding

whether a satisfactory reference had been found.

Following the searches, a sample was taken of the other documents which
had been retrieved in the searches, and these were sent to the individual who
had originally prepared the questions. They were asked o make an assessment
of those other documents in relation o the questions in the scale of 1 to 5, these
representing:

1. A document more useful than the socurce document

2. A document as useful as the source document

3. A document of some interest
4. A document of no interest
5.

A false drop.

In practice it was found difficult for different persons to be congistent in
their assessments between 4 and 5 and in the statistical analysis it was decided

to group these assessments together,

The results of the tests on the two indexes are given in Table 7.3. There is
no sinister reason for the fact that not all the figures are given; it is merely
that they are not at present available. Some preliminary discussion of these
resulis and analysis of some of the W.R.U. failures is contained in papers
by J.Melton and A. Rees {Refs.6 and 7 ), and further comment can await the final
report on this test. It is, however, already apparent that the method of organising

this test has made considerable advances beyond those adopted in the test of the
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English Blectric catalogue. This'is parily due to the fact that in this case

there was a control provided by the indexing done at Cranfield, which was

made possible because the test collection had been restricted to 1,300

documents at the request of W.R.U. who would have had major problems in
searching by the computer through their whole collection. Originally a collection
of enly 1,300 documents might have seemed too small to give valid results but

now that the main project has given so much basie data concerning the performance
of retrieval systems, it is practical to make further subsidiary tests with

relatively small effort,

It was frankly o surprise to find that the W.R. T, system was not particularly
effective either from the viewpoint of recall or relevance. The use of roll
indicators should in theory have improved the relevance by eliminating jirrelevant
documents and the very detailed indexing as practiced by W.R.U. would be
expected to result in a high recall, In fact neither with recall or relevance did
it equal the performance of the Cranfield index and various hypotheses can be

forraulated as to why this should be,

if there have been clerical errors with the computer, these will be easily
revealed by the analysis. More likely is that the fault will lie with the intellectual
processes of concept indexing or in the formulation of the search programimes.
To check these factors and to find the exact effect of the descriptor languages,
it ig intended that there shall be an exchange between W, H. U, and Cranfield of
these two sets of data. ‘ W.R.U. will use the Cranfield programmes for searching
in their index, while we will use the W. R, U. programmes for the facet catalogue.
Then we shall pass to W. R, U. the concept indexing done at Cranfield to be
translated into their system and retested both with W, R.U. and Cranfield
programmes, while we shall do the same with the W, R. 1. concept indexing.
When this ig done, it iz certain that a consgiderable amount of additional
information will be available on the strengths and weaknesses of the two systems

and still more on the methods in which they have been used,

Further information has already been obtained from the Cranfield indexing,
where the instructions were that every reasonable concept should be indexed and
there should not be any inhibitions concerning the number of entries through
concern regarding the size of the resulting catalogue. The intention was to do
"exhaustive" indexing, so that it would be poasible to find the effect of reducing

the nuraber of eniries. Originally, ag will be seen from Table 7.3, on an average
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W.R.U. Cranfield

No. of documents indexed - 1300 - 1180
Average No. of elements
per document 7
Average No. of entries in
catalogue 123
Average indexing time

Concept indexing 4.4 mins.

Notational indexing 4.5 mina.
No. of questions searched 125 129
No. of source documents
retrieved 91 118
Percentage success 79%" 90%
Average No. of documents
retrieved per search 15 7.4
Average search time 7.3 mins.
No. of source documents found in:

ist programme 79 47

2nd programme 12 38

3rd programme 186

4th programme 8

5th programme 1

6th programme 6

TABLE 7.3

RESULTS OF SEARCHES IN WESTERN RESERVE
UNIVERSITY AND CRANFIELD INDEXES

% After the searches had been made, it was found that due to clerical errors,
9 source documents had been omitted from the W.R.U. search file. This
percentage figure has therefore been adjusted accordingly.
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7 notational elements were used for each document with 124 entries in the catalogue.

No. of antries % Source
Documents Retrieved

[T

90%
80%
829
4%

W g

TABLE 7.4

RECALL FIGURE FOR SOURCE DOCUMENTS AS
AFFECTED BY NUMBER OF ENTRIES

This resulied in a recall figure of 90%, The eniries were then re-assessed and
approximately one third were eliminated, so that an average of only 8 cards were
in the catalogue for each document, (Table 7.4). On re-searching with the original
search programmes on this basis, it was found that the recall efficiency remained
at 89%, which shows that the eliminated entries nearly all represented redundant
indexing, at any rate in so far as the search questions used in the test were
concerned. The next stage was to reduce the entries to an average of 5 per
decument; this had the effect of bringing the recall figure down to 82%. The final

siage was to bring the eniries to an average of 3, resulting in a recall figure of 74%.

Further analysis of the search results is based on the 120 questions which

were gearched both at W. RB. 1. and at Cranfield.

In order to obtain a complete picture of the position regarding recall and
relevance, an assessment was made not only of the documents retrieved, but of all
the documents in the collection in relation to every question. For discussion of this,
it is necessary to define the meaning given to the two terms, ‘recall ratio' and

trelevance ratiof.

iRecall ratio! equals 100 g where C equals the total number of documents in
the collection which have an agreed standard of relevance to a given question, while
R equals the number of those relevant documents retrieved in a single search. On
the other hand, 'relevance ratio’ equals 100 E—Pi where L equals the total number of
documents reirieved in a single search. As an illustration, presume that in a
given collection of documents, ten are known to have an agreed satisfactory standard
of relevance, In a single search, six of these documents are retrieved, plus another

twelve documents which were irrelevant. In this situation recall ratio equals
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100 x -1%- = 60% while the relevance ratio would be 100 x % = 33%.

The results of the analysis showed that a rating of relevance 2 applied to 175
documents, made up of 120 source documents and 55 non-source documents. In
addition there were 307 documents of relevance 3, that is documents of some
interest. Table 7,5 illustrates the effect which decreasing the number of entries
has on both recall and relevance. It will be noted that the recall figures for
relevance 2 documents are lower than those given in Table 7.4. The latter referred
only to retrieval of source documents, whereas the figures in Table 7.5 include
the 55 nonw-source documents that were assessed as relevance 2, and the recall figure

for these was lower than for source documents.

It can be seen from Table 7.5 and the accompanying graph (Table 7.6) that, as
recall falls quite sharply, there is a slight improvement in relevance. Within the
range in which we were operating, it appears that 1% improvement in relevance
results in 2 3% drop in recall, this applying both to relevance 2 documents and
to all documents of relevance 2 or 3. It should be mentioned that this graph
represents performance as influenced by indexing, and not by searching. By this
it is meant that in all cases the same level of search requirement was maintained,
namely that references would only be accepted if the notation contained a minimum
of one less concept than originally demanded (see page 14 and Appendix 28), It
will be noted that increasing the entries per document from 3 to 5 and then from &
to 8 resulted in an increase in recall ratio of 9% and 7%, but by increasing from
8 to 124 entries only gave an increase in recall of 24%. From this it is assumed
that no further increase of indexing entries is likely to result in any material
changes in the recall ratio, in other words we have probably come quite close to
the maximum recall figure that can be obtained by iﬁdexing. If, however, the
search rules were relaxed, then it would certainly be the case that the recall ratio
would improve, and the upper dotted line in Table 7.6 is a probable extension of
the performance curve. Alternatively if the search programme had been made
stricter, so that no reference would be accepted unless it fulfilled the requirement
of containing all the concepts of the question, the recall ratio would decrease as

shown in the lower continuation of the dotted line.

Another family of curves could also be produced by varying the search conditions
as given in the preceding baragraph but holding steady the indexing with regard to

number of entries. This is an investigation which still has to be done.



No.of entries  No.of documents

retrieved
123 958
~880
5 897
3 539

TABLE 7.5
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Relevance 1
Recall Relevance

Ratio

84.1%
83.6%
75.1%
65.6%

Ratio
15.7%
16.6%
19%
21.8%

Relevance 1 & 2

Recall
Ratic
74.3%
71.3%
61.1%
50.9%

Relevance
Ratio
34.1%
35.2%
38.5%
41.7%

RuCALL AND RELEVANCE RATIO IN FACET CATALOGUE

OF W.R. U, TEST AT VARVING INDEX ENTRIES
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TABLE 7.6

% Belevance 1

o Relevance 1 & 2

PERFORMANCE OF FACET CATALOGUE OF W.R.U. TEST

An analysis of failures has been made for the Cranfield indexing and some of

the more interesting are included in Appendix 7B. Summarised, the reason for

13 faillures are shown to be ag in Table 7.7.
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Question Too broad 1
Indexing Insufficient indes wcepis) 8
Incorract indexing {concepts) 2

Omisgion of index entry into
term in gchedules 1

Failure to translate cmmep*%;
indexing into clage number 4
Liack of permutation 1ements 6
Searching Failure to search sysiematically i
Inaufficient searching 3

System More than one place in schedules

for single subject 2

Inability io Mz rmute in paris
of schedulies 1

CATALOGUE

These reasons in total exceed the number of failures hecause the assessments
often showed more than one aspect as responsible for the failure. Breaking down

the analysie in ancther way gives the lollowing reasons for fallures:-

Indexing slone 8
Indexing and guestion i
Indexing and searching 3
Indexing, searching and sysiem 2

One aspect of this work which has been the cause of comment concerns the
questions which are used for searching. There ig a feeling that these questions
are not typical and are in some way different from "irue' gquestions. The problem
has been well put by Alan Rees in his paper dealing with the W. R. U. test, and

the following paragraphs are exiracted from his report: {Ref. 7}

"The Synthetic Nature of the Questions.

Ut ig difficult to state explicitly how these differ from natural questions.
Their artificial nature is obvious at once to all of our programmers. A synthetic
question is based ‘upon an assoclation of concepts often peculiar to the document
described and is therefore derived from an artificial environment. A real

question, on the other hand, is derived from a wide background of associated
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ideas and represents concepts which a guestioner feels are likely to be found in
a document or documents. Such guestions can be formulated in many ways due
to the difficulty of individuals in real question asking situations in expressing

their information neads,

"I have two points which I wish to make in relation to the synthetic nature

of the questions-

“"First, since a synthetic question is based upon one document.the formulation
of the question reflects the individual, subjective interpretation of the guestioner
of the significance of the document. It is, therefore, analogous to the problem
of indexing a document which is dependent upon point-of-view, subject background

and ingight of the indexer.

"I raise this point here since 2 preliminary check reveals that although some
questions are based upon the title or author abstract of the source document, at
least one question agks for concepts of minor importance in the text and, more
geriously, another asks for "Processes available for producing sound, contam-
ination free welds in titanium and itg alloys'' (Q21) while examination of the text
of the source document by several members of our staff reveals nothing beyond
an oblique mention of tifanium in an eight page article, In the text there is no

indication that contaminaiion free welds have been achieved for titanium.

"The subjective judgement of our indexers is, therefore, to be balanced
against the subjective judgement of Mr. Cleverdon's question compilers. Or,
to put it in another way, the language of the question and the language of the

indexing are not equidistant from the document.

"Second, since in many instances the association of conecepts in the question
is peculiar to the document from which it is derived, being perhaps an inveried
statement drawn from the text, the relevance of any items identified, other than
to gource document, is artificial and it is to be guestioned whether we are

discussing the same kind of relevance as found in searches based on real questions.

"Third, the synthetic nature of the questions naturally precluded any
negotiation with the question asker as to their precise meaning. Our experience
in the analysis and machine searching of some six hundred questions now permits
us to identify those questions where further clarification is needed prior to final

definition of search strategy.



"in at least ten cases in the present series of test searches we were able
to predict failure prior to sesrching. If the same requesis were received
from real question askers a concerted effort would have been made to clarily
them. We have found that the degree of success achieved in searching is
directly proportional to the amount of insight possessed into the nature, purpose
and environmental origin of the requests. It is particularly difficult to plan an

effective search on the face value of a written requesi.”

While we would not necessarily agree with all these comments, at present
there is little polnt in arguing the matter, for there is not sufficient evidence
either way. It is reasonable to assume that the test figures are aifected in
some way or another by the use of special questions, but it does not necessarily
follow that this affecis the validity of the test. More work requires to be done
on this specific point to decide exactly what correction factors should be built
into the resulis, and we await with interest more detailed analysis of the questions
from this viewpoint, which the experienced staff at W, R. U, will be making. In
addition it is the intention to search the two catalogues with a number of questions
that are put to W.R. U. in the course of their normal service fo The American

Society of Metals and this should help to a better appreciation of this problem,

It would be unwise to be over-confident on the general applicability and
acceptance of this test technigue, but the resulis so far are sufficiently encouraging
to justify making a series of such tesis in other subject fields. It is capable of
extension by any organisation which is seriously interested in, for instance,
achieving maximum economic efficlency. A short series of tesis covering
documents indexed under varying time allowances would permit the optimum to be
selected, As has been done with the Cranfield-W.R.U. index, the effects of
exhaustive indexing can be investigated, and the decision as to whether to include
more or less cards in a catalogue or whether to use 10 or 50 uniterms can be

based on something more logical than hunches,
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CHAPTER 8

SUPPLEMENTARY INDEXING

At the same time as we were arranging for the compilation of questions, we
invited those who were co-operating in this task to index documents by any of
the systems being used in the project. The purpose of doing this was in order to
have some data which would provide a comparison with the indexing done by the
project staff, Those who agreed to help {see Appendix G of Ref. 1} were sent
selected lists of documents which had been indexed in the project, and relevant
indexes to the particular system or systems which they were using. Those
indexing by U.D.C. received the alphabetical index to U,D.C. numbers which
had been compiled by the project staff of all terms used in the indexing of the
first 10,000 documents, together with information concerning the printed
schedules which were belng used. A list of the alphabetical subject headings
or a list of the uniterms used in indexing the first 10,000 documents was sent
to those indexing by Alphabetical or Uniterm, and a gei of the schedules, the
aiphabetical index and indexing rules were sent to those using Facet. Each

person alse received a set of master indexing cards. {see Apprendix 8A).

A total of 3,793 items were indexed, and Table 8 1 gives relevant data on

this indexing.

No. of documents Average Average enirles
indexed Indexing Time
u.n.C. 1,115 10.8 3.6
ALPHABETICAL 902 11.3 1.1 {with 5
elements)

FACET 775 10.8 12

UNITERM 1,001 8.0 3.8

TABLE 8.1

DATA ON SUPPLEMENTARY INDEXING
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Comparison with the indexing doue by project staff showed that the
average time fell near the middle té.n;.e level used in the project, and that the
average number of entries for each document was very close to that requested
by project staff when indexing at 8 minutes. Further statistical data on the

supplementary indexing is given in Chapter 7 of Ref. 1.

It was originally contemplated that the indexing entries would be incorperated
in the project catalogues, but this was not done, partly because it would have
caused extra complications but mainly because it was found that checking of the

efficiency of the indexing could be done more simply.

Many of the documents which had been indexed conld not be included in
the test because no questions had been received for those documents, but altogether
it was possible to iest the indexing of 1772 documents. The method of testing was
{0 take the master search cards which had been used in the main test. One
person {A) would have this search card while a second person {B) had the
appropriate master indexing card, examples of which are shown in Figure 3.
1A1 called out the first search programme and ‘B! checked the master indexing .
card to see if the programme fitted the indexing. If successful, that completed the
operation; if unsuccessful, 'A? called at the second gearch programme for 1B}
{o check, and so on. In cases where, in the project the search had been successful
at an early stage but the supplementary indexing search had not succeeded, then
sA' would, whenever possible, devise further search programmes, but with-
out knowing the indexing decisione entered on the master card. The resulis of
this testing are given in Table 8.2 where comparison is made with the resulis
for the source documents achieved by the project indexing. The reason for
the total number of documenis not agreeing ig because many documents were
indexed by two or more organisations, From this table project staff would appear
to be superior in both U.D.C. and Alphabetical, but not so successful by Facet

or Uniterm.

Table 8.3 breaks down the supplementary indexing by countries, and the
results cannot, in view of the ecomparatively small number involved, be taken
to show any marked national differences of the kind which might be expected to
appear because of the popularity of different methods in England and the United

States. Table 8.4 continues this breakdown to cover different organisations.
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SUCCESS FAILURE % SUCCESS
Project Supple-~ Project Supple- Project Supple-
mentary mentary mentary
Uu.n.Cc. 263 430 51 135 83.8 8.1
ALPHABETICAL 306 389 51 121 85.7 76.3
FACET 142 248 50 656 73.8 8.2
UNITERM 225 337 58 47 80.4 87.8
TABLE 8.2
COMPARISON OF RESULTS OF PROJECT STAFF
AND SUPPLEMENTARY INDEXERS
United States United Kingdom Canada Holland
u.D.C,
Buccess . 44 370 - 18
Failure 14 112 - 9
% Success 78% TT% - 64%
ALPHABETICAL
Success 165 156 57 i1
Failure 52 57 5 7
% Success 8% 73% 99% 61%
FACET
Success 48 180 - 12
Failure 8 51 - 8
% Success 85% 799 - 87%
UNITERM
Success 206 115 - 16
Failure 23 21 - 3
% Success 90% 85% - 84%
TABLE 8.3

SUPPLEMENTARY INDEXING RESULTS BY COUNTRY
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a. Indexing Time in Minutes
b. Number of Documents
¢. % Success

&

U.D.C. ALPHA, PACET UNITERM
a b I a b T a b c a b [
UNITED STATES
5. - - - 1% 5 H$0% - - - - - -
2, - - - 9 20 85% - - - 12 28 83%
3. - - - - - - - - - 105 11 100%
4. - - - 19 9 87% 19 7 43% 9 89 91%
. 12 02% 8 13 85% g 7 100% ) 12 92%
6. - - 12 ] 78% - - - 11 & 100%
7. - - - 7 112 89% - - - - - -
8. - - - - - - 5  80% 5 13 85%
8. - - - 13 13 91% - - - - - -
16. - - - 8 4  100% - - - 5 5 BO%
1l. - - - 8 32 88% - - - - - -
12, 13 45 73% - - - 12 35 81% 7 51 20%
13, - - - 8 2 50% - - - 7 13 85%
14, - - - - - - - - - 8§ 20 95%
UNITED KINGDOM
15. 36 27 89% - - - - - - 8 24 88%
18. 11 14 86% - - - - - - - - -
17. - - - - - - 8 5 80% - - -
18. - - - - - - 26 7 88% 19 i1 8%
i9. . 21 i1 82% 15 14 1% 15 7  88% ig 13 100%
20, - - - - - - - - - g8 14 100%
21, 3 8 50% - - - 4 8 B3% - - -
23, 14 18 61% - - - - - - - - -
23. - - - - - - 8 328 9% - - -
24, ’ 11 13 85% - - - - - - - - -
25. - - - 3 §7 70% - - - - - -
28. 10 30 7% 13 33 85% 24 17 84% 15 28 75%
27, - - - - - - 13 2% 86% - - -
28. 10 10 90% - - - - - - - - -
29. 7 i0 90% - - - - - - - - w
30. 8 10 80% - - - - - - - - -
31, 7 81 84% 8 28 50% 14 5 80% 5 10 80%
32, 19 ] 67% - - - - - - - - -
33. - - - - - - 14 41 83% - - -
34. 10 21 71% 9 23 83% - - - - - -
35, 1 28 57% 1 25 76% z 22 68% 1 27 85%
38, 8 54 65% - - - 7 38 16% - - -
37. g 11 82% - - - - - - - - -
38. - - - - - - 14 14 79% - - -
38. - - - - - - 8 168 63% - - -
40, 10 10 70% - - - 8 7  13% - - -
41. 7 14 78% - - - - - - - - -
42, 5 13 69% - - - - - - - - -
43, 14 16 88% 12 16 81% - - - - - -
44. 10 73 80% - - - - - - - - -
45, 11 6 83% - - - - - - - - -
48, 28 10 0% 8 7 86% 10 2 100% 2 9  89%
CANADA
47, - - - 5 53  50% - - - - - -
48. - - - 8 g 100% - - - - - -
HOLLAND
49, 28 25 64% 186 18 61% 23 18 67% 14 19 84%
TABLE 8.4

SUPPLEMENTARY INDEXING RESULTS OF INDIVIDUAL QORGANISATIONS
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An analysis was made of all those cages where there had been failures
with the supplementary indexing but where the project indexing had been
successful. Not all the grouping included in the analysis of failures in Table
5.1 are appropriate, but they have been followed in Table 8.5, with some
additional headings that were necessary. Table 8.8 groups these into the
three main categories of indexing, searching and system, and it is not unexpected

to find that indexing is the main cause of the failures.

UDC ALPHA FACET UNITERM TOTAL

INDEXING
2a. Insufficient indexing 40 48 16 14 118
b. QOverdetailed indexing 1 8 i 1 8
¢. Incorrect indexing 2 i 2 0 5
d., Lack of permutation 10 0 0 1] 10
h, lLack of knowledge
of indexing practice 14 12 1 /] 27
SEARCHING
3g. Insufficient searching 10 12 2 1 25
SYSTEM
4a. No. of places for
same subject in
schedules 6 0 4 0 i0
b. Lack of places in
schedules 0 0 4 0 4
f. Bad choice of heading 0 10 0 0 19
g. Synonyms 0 0 0 3 3
h. Inability to combine
headings 0 13 4] 0 .13
jo Lack of subject
grouping of headings 0 4 0 2 6
TABLE 8.5

ANALYSIS OF REASONS FOR FAILURES WITH SUPPLEMENTARY INDEXING
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unce ALPHA FACET UNITERM TOTAL

Indexing 67 67 - 20 15 - 169

Searching 1027 12 - z 1 25

System & 21 8 5 i 48
TABLE 8.6

REASONS FOR FAILURES IN SUPPLEMENTARY INDEXING

From Table 8.5 has been extraced information relating to the efficiency in
relation to the time spent on indexing, with the resulis shown in Table 8.7. In
that the indexing times used by the project staff are estimated 1o have been a,'t
least 50% less than the equivalent time in a real-life situation, the breakdown of
times in this analysis has been so adjusted to correspond as far ag practical to
the indexing times used in the project. This table shows that the large majority
of documents by all systems were indexed in the range of 7 ~ 12 minutes, and

also emphasises again the higher efficiency of Uniterm at the shortest indexing time.

Time UDc ALPHA, FACET UNITERM
Minutes a b a b a b a b

1 ~3 34 56% 92 87% 22 68% 36 87%

4 -8 i3 9% 91 89% 35 80% 40 85%

7 -12 356 80% 237 T4% 118 80% 238 21%
13 - 18 20 73% g0 T7% 92 83% 4% . 79%
19 - 24 20 75% - - 42 74% 11 64%
25 + 82 79% - - 7 86% i1 100%

TABLE 8.7

EFFICIENCY AT VARYING INDEXING TIMES FOR
SUPPLEMENTARY INDEXING

{a) Number of documents indexed in group

{b} % Successful retrievals
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CHAPTER 9

COMMENTS ON THE RESULTS

This test has produced a large mass of data, and even for these who have been
actively engaged in the project, it is not always easy to separate that which is
gignificant from that which is of little value. In this report and appendices, the
attempt has been made to present at least examples of everything that might be of
interest to sericus readers so that they may have the opportunity of making their
own assegsments, and it has been the endeaveur io keep to a minimum persgenal
expressions of opinion. In the course of the work, the staff obtained a number of
Impressions concerning the various systems being uged. These cannot be expressed
ag figures or percentages, but will, to a certain extent, influence the interpretation

of the resulis as glven in this chapter.

At first glance, the results as given in Table 3.1 show an unexpected level of
performance, particularly if allowance {8 made for the possible standard errorn

Including this in the percentage results would produce the following figures:~

v.D.C. 73.1% - 78.1%
ALPHABETICAL 79% - 84%

FACET 71.3% - 76.3%
UNITERM 79.5% - B4.5%

Taking these at thelr highest or lowest ranges shows that all four systems
could be within the range of 3.2%, and it is doubtful if a claim that this is significant
in an mvestigétien of this nature could be substantiated. However, the figures at the
other extremes would give a difference of 13.2% and this would be a worthwhile

figure.

More logical is to consider the figure for the result of the searches which were
based on documents in the final sub-programme of documents P12001 - P18000
{Table 3.5),for these represent the work of the indexers when they were operating
at their highest efficiency. The figures here give Uniterm with a superiority of
3.8% over Alphabetical which is in turn 5.3% above U,D. C., with Facet a further

3.5% behind.
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The brezkdown according to system and time, as shown in Table 3.2, is
subject to a larger standard error of between 5 and 6%. This can be reduced by
ignoring the system and grouping the indexing by time only, and results in the

figures as shown i Table 8.1.

Indexing Time Percentage
Minutes Retrieval

2 72.9%

4 80.2%

8 76.2%

12 82.7%

16 : 84.3%

TABLE 8.1

EFFICIENCY BY TIME FPOR ALL SYSTEMS

These figures show an expected increase from the short time of {wo minuies
to the longest time of sixteen minutes, with the exception of eight minutes. In
the view of the indexers, there is a possible explanation as to why the efficiency
showed a drop at this middle time. When working at the short times of two
minuteg and four minutes, they knew that there wag little time to spare, and
concentrated on making entries for the essential concepts. When working at
the eight minute level, they felt free to study the whole document more closely
before making any indexing decisions. In fact the time allowance was not really
sufficient for this to be done thoroughly, so the end result was that the standard
of the indexing decreased. This is not a statement that can be substantiated and
might appear to be contradicted by the figures given in Table 1. 2. This shows
that there was an increase in the number of entries in the catalogue éccording to
indexing time, and it could be assumed that, when recall was the only factor
being measured, extra entries in the indexes would result in an improvement.
On the other hand there is slight support for the argument, in that analysis of
the failures showed a greater proportion of errors in indexing at eight minutes

than at the other time allowances.

While the figures indicated that two minutes was probably too short an indexing
time, four minutes gave results which by all systems are only slightly inferior

to the indexing times of twelve minutes and sixteen minutes. By Uniterm the
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four minute time was within 1% of the figure for sixteen minutes, and with a
collection of documents such as used by the project it appears that there would
be no justification in spending more than four minutes indexing. With sixteen
minutes indexing, not only would the indexing costs be four times as great, but
also there would be the increased posting cost occasioned by having an average

of 12.4 Uniterms per document as against 7.7 at four minutes.

The indexing times given in the project were governed by the use of a stop watch,
and represent real time spent on actual work. As discussed in Ref. 1, pages 24-25,
to translate them Into a real life situation would require adding 60% to the basgic
times, so that the four minute indexing time would thus become about 8% 10 7
minutes. This brings it within the range of indexing time that was most generally
used by the supplementary indexers, as shown in Table 8.7, and is also very
close {o the average time found necessary by Mrs. Aitchison when indexing

documents in connection with the W.R.U. test.

The breakdown by indexer (Table 3.3, page 23) shows no significant differences
between the three members of the staff, but worthy of comment is the ability shown
by Mr. Hadlow to index with an efficiency equal to that of the more experienced

members.

The assumption is commonly made and frequently asserted that scientific or
technical documents can only be satisfactorily indexed by a person having detailed
subject knowledge of the field. This may be true in certain subject fields, but all the
results of the investigation show that it cannot be substantiated for such subjects as
physics, engineering or metallurgy. In the main test analysis {Chapter 5) it is
shown that only with two of the 1200 source documenis could lack of subject ‘
knowledge be congidered a contributory factor in failure to retrieve. The librarian
indexers certainly had difficulties with many of the documents, and frequenctly had
recourse to scientific and technical dictionaries, but they were very successful in
dealing with a wide range of research papers, particularly considering that
Mr. Hadlow came direct from a public library, with no experience either of the
subjxect or of doing indexing of this type. In addition it has to be remembered
that, during the two years, neither he nor the other indexers received any
feedback as would be the case in a more normal true life situation, where the
probability would be that they would not only be indexing documents but would also
be helping to answer enquiries, and thus dcquiring knowledge both of the type of

questions put to the system and of the ability of the indexing to meet the requirements.
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Table 3.4 considers the results of searches based on the subject matter of
the question. There is a possibly significant difference in favour of general
questions. This was to be expected, since the major concentration on documents
in a narrow subject fleld resulted in a multiplicity of alternative locatiens, whereas
in the wider, more general field, there would be less difficulties in selecting the
appropriate headings. It was interssting, and in view of other resulis, possibly

significant that the difference does not appear with Uniterm.

Table 3.5 {page 24) indicates that there was an improvement of 17. 5% for
Uniterm in the last sub-programme as compared with the first, 13.3% for U.D.C.
and only 7.8% for Alphabetical, It was surprising to find such a large improvement
in Uniterm. It migh’t appear to be accountéd for by the fact that the number of
Uniterms posted in the final sub-programme was 32% higher than in the first sub-
programme {see Ref, 1, Table 8A}. This difference in posting, however, ia lower
than the difference of 80% when indexing at the different times of four minutes and
sizteen minutes. Since in this latier case there was an insignificant Increase in
the efficiency, it would seem that there must have been a greater definite improve-
ment in the standard of indexing by Uniterm than by the other systems. Table 5.5
{page 49) gives some information on this matter. It is a rearrangement of the
figures as set out in Table 5.4 {page 49}, being the reasons for failure of all
gearcheg covering documents in the final sub-programme, with emphasis on the
human error involved. There is shown to be an average for all systems of 35% of
failures due to bad indexing, ranging from 42% for U.D.C., to 32% for Facet.

The number of searches made using questions based on the {wo first sub-programmes
was limited, so the failures are so few that there is doubt as to whether they can be
considered sufficient in number to permit of the detailed breakdown of reasons for
fajlure as has been done for the main programme. With this reservation, Tables

8.2 and 9.3 have been compiled in an attempt to show the particular point concerning

learning rate for the different systems,
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LD O ALPHA, FACET UNITERM TOTAL
Peraonsl BErrors
Indexing 15 {43%) 10 £40%) - 13 {52%) 38(41%)
Searching 4 411%) 2 {(8%) - 1 44%) 7 (8%}
Time Allowanoce 8 {16%!} 4 {16%) - 3¢12%: 13 {17%)
Duestion 8 {15%) 5 {20%!) - 4 {16%) 14 {17%)
All Gther Reagsong 5 {15%} 4 {18%) - 4 {18%;) 13 {17

VPSS T

BREAEDOWN OF REASONS FOR FAILURE ON DOCUMEBENTS INDEXED
IN FIRST SUB-PROGRAMME (DOCUMENTS 1 - 6000)

U.D.C, ALPHA, FACET UNITERM TOTAL

Pergonsl EBrrors

Tndexing 20 {43%) 13 {38%) 12 {28%) 14 {35%) 80 {37%)
Searching 5 {11%) 4 {13%) 8 (1% 3 (8%} 20 {13%)
Time Allowanes 8 {18%) 6 {17%) 6 {14%) 10 {25%) 30 {18%
Question 6 (13%) 5 {15%) 5{12%) B (15%) 22 (14%)
ANl Other Reasons 7 {15%) 8 {17%) 11 {27%) 7 {17%) 30 {18%)

TABLE 9.3

BREAEKDOWN OF REASONS FOR FAILURE ON DOCUMENTS INDEXED
IN SECOND SUB-PROGRAMME (DOCUMENTS 8001 - 12000)

In comparing the tables with Table 5.5, the only significant change in perceniage
occurs with Uniterm, where from 52% of the personal errors for indexing in Tahle
8.2, there is a change to 34% in Table 5.5. Thigz, in so far ag anything ig likély
io do in the present investigation, appears to substantiate the view that it was not
any inherent difficulties which made Uniterm originally difficult to operate that

were the cause of the increase in efficiency, so much as the chance of human error.

Considering the searching, it will be geen from Table 3.7 that the three proiect
stafl concerned with making the searches in the first two rounds of testing did not
have any significant variation in their efficiency. A check was alsc made on the

resulte for Warburton and Hadlow when searching for documents which they had
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themeelves indexed, but this revealed no difference from their general figures.
Some more interesting figures are given in Tables 3. 8, 3.9, 3.10 and 3.11, as
these deal with the searches made by technical staff. These repeat the results
obtained by the project staif with the exception that U.D.C. had a superiority of
5.7% over Alphabetical as compared to an inferiority of 5.8% with the searching

by project staff, The figure for U.D.C. was also the only system where technical
gtaff returned a higher figure than the project staff, and the result would, to say the
least, appear to cast considerable doubt on the oft repeated argument that the

notation of U.D.C. is too cumbersome to be mastered by technical staff,

A problem that is attracting much interest at present i8 the formulation of
gearch programmes. This is particularly the case in organisations which are
attempting to use some form of mechanised retrieval, for an incorrect search
programme will result in severe time and cost penalties due to the comparative
inflexibility of computer searching. Allied to this, a criticism of the project
programme ag originally proposed was that i* would not be dealing with the physical
act of retrieval from the store. The reason for our not attempting to cover this
point was thai the investigation was concerned with what was thought to be the
intellectual aspects of information retrieval rather than the clerical. The
formulation of the search programme, the decision as to which concepts or which
combination of concepts to search first, is the intellectual part of the work,
whereas the physical act of locating these items which have been marked with
the appropriate tags is & clerical routine. In spite of the fact that there was no
controlled test on this latter point, the experience of the project staff may be of
some interest. It is clear that we were not prepared to spend the length of time
in physical searching which some organisations appear willing to do. This came
up in particular with the original Facet catalogue, as can be seen from the
comments in the analysis of failures, where several times the cond usion is reached
that the searcher considered that the number of different places to be searched
in the course of a single programme wWas more than could be tolerated. It was
this point, more than anything else, which caused the comparatively low retrieval
figure for Facet, and led us to the decision that fixed order and chain indexing

were not suitable for the type of indexing done in the project.

The most reliable figures which can be produced are those givén with the
W.R.U. test (Table 7.3), where the average search time is shown to be 7.3

minutes. This compares with the general opinion of staff searchers that they would
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expect to make from seven to ten searches an hour in the U.D. . and Alphabetical
card catalogue. Concerning Uniterm, we knew that posting document numbers on
cards was 2 relatively archale method that was inferior to other iechniques such
ag peek-a-boo cards, and the only comment on this point is that our experience

proved what we already knew.

The decision as to what is a reasonable search time is a matter for each
organisation to congider in the light of its own circumstances, but it has been a
matter of surprise to find the time delay which many organisations appear willing
to tolerate for the doubiful benefit of using some form of mechanical retrieval.

In the field of applied science and technology, the position in England seems to be
that most librarians expect to be able to supply some references within five to

ten minutes of receiving the enquiry., No-one would suggest that in such a time
they would be able to obtain every relevant reference. However, experience again
indicates that frequently the requester is satisfied with some documents relevant
to his enquiry, and does not, in the first place, require a complete collection of
all relevant documents. Naturally, there are occasions when this is required,

but an I. R. system which cannot meet the necessity for supplying some relevant

documents within a few minutes would fall short of the ideal for many organisations.

This being the case, the formulation of such programmes must be a reasonably
straightforward matter, and this was the position with the project searches. The
majority of source documents were retrieved by the first or second search
programme and it can be seen from Tables 5.4 and 5.5 that searching was only
responsible for 17% of the failures, and of this 15% was adjudged to be due to human
errors. The analysis of failures which has been made in Chapter 5shows mast
decisively that the failures were, for more than all other reasons together, due 1o
mistakes by the indexers or the searchers, and that a third of the failures could
have been avoided if the project staff had indexed consistently as well as they were
capable of doing. Put another way, this means that in every hundred documents,
the indexers failed to index adequately five documents, the failure usually consisting
of the omission of some particular concept. They might legitimately plead that the
conditions under which they worked for two years, such as the monotony of the
work or the continuous re-adjustments of indexing times, were not conducive to
that concentration which is required to obtain perfection. In faet, they have no
reason to plead, for the analysis of the supplementary indexing and of other systems

has shown that their performance was above average.
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As has been emphasised in Chapter 8, the emphasis in the main test was on
recall, and other tests had to be developed in order to put the figures in perspective.
To do this with any real precision turned out to be impractical, but these further
tests, together with the tests on other systems, have shown that the general working
level of I.R. systems appears to be in the general area of 60% - 90% recall and
10% - 25% of relevance, the shaded area of Table 9.4. This is a considerable
distance away from the oft-made assertion that systems are operating in the

general area of the top right-hand corner.

100 - —
X
Lls
1| 0
A
wi&;
RECALL
50 b
25
0 25 50 75 100
RELEVANCE
TABLE 9.4

PROBABLE OPERATING AREA OF I.R. SYSTEMS
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Further, it can now be said that the inverse brelationship between recall and
relevance has been conclusively shown, and it should be now possible to design
and operate systems that will satisfy, in the most economic way, stated require-
ments. There will be situations where the emphasis must be on the highest possible
recall level, and the resulting penalty of the low relevance figure will be accepted.
In other casges recall is less important, and greater emphasis will be placed on
improved relevance. It must be stressed that the relevance figures depend
entirely on the references which have been retrieved by the programmes used in
the search, and no attempt has been made to weed out the irreléVant documents.

It must not, thevefore, be imagined that there ;s necessarily a severe time penalty
by the librarian or the searcher having to look throixgh a number of uscless
documenis. It would be dangerous to be too definite on this point, but it woﬁld not
be unreasonable to suggest that, in the conditions prevailing in the systems testad,
a rapid visual check of the titles and in some cases of the abstract would enable
the large majority of the useless references to be eliminated straight away. To
express this in figures, one might say that of every hundred documents retrieved
in the W.R.U. test, fifty could be quickly and safely eliminated as being of no

possible interest.

The problems arising in indexing by the four systems have been dealt with in
detail in Chapter 4 of Ref. 1., and the following comments should be regarded as

supplementary to the earlier statements.

Universal Decimal Clagsification

In that most of the professional staff searchers were reasonably familiar with
this system, it is difficult to record fresh opinions. Most striking, perhaps, was
the great value and importance of the alphabetical index for the Schedules, which
was of a higher standard than any of us had previously used. It completely
justified the considerable amount of effort which was entailed in its compilation,
and was clearly responsible for the high level of success achieved by the technical

searchers.

It soon became obvious that the indexing was more specific than the searching
could possibly be. More than half the entries in the catalogue consisted of
notations having three or four coloned’elements, e.g. 533.6.013.412;: 533.6.057:
533.6.011.35, but it was only in approximately one search out of ten that the

searcher felt justified in using more than two elements,
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The main advantage in the classified arrangement appeared to be in being
able to combine in alternate searches specific and broad concepts. The question,
for instance, might be "Buckling stresses of circular fuselages'. The specific
heading would be 629,13.012.213,1:531.224. 4, which represents a literal
translation of the two concepts in the question. If this failed, each concept
could be broadened in turn, searching first under 628.13.012.213.1:531. 2+
{Stresses plus any subdivision of 531.2) and then 531.224.4:626.13.012.2
{Fuselages) or even 531.224.4:629.13. 012+ (Aircraft structures plus any sub-
divigion of 828.13.9012}. Such sear ches frequently resulted in success without
paying toc high a penslty in retrieval of irrelevant information. It was not always
posaible to do this type of search in Alphabetical, due to the restriction on
combined headings that is discussed later, and even when practical, it involved
far more search effort. It would have been'possible to do it with Facet, but the

effort would have been prodigous. With Uniterm it presented few difficuliies,

Alghabetical

This system was far more effective than had been expected, and met with the
general approval of the technical searchers. The main frustration came in
searches where it was desired to combine two main headings, which is another ‘
way of saying that the headings were not sufficiently specific. This point received
critical comment from the technical searchers, who also felt that there was
inconsistency in certain headings, in particular the terms that could be associated
with 'Boundary Layer!. This was because of the basic rules which we had
compiled to cover the types of terms that could be used as main headings or
sub-headings (see Appendix 8A), and can be considered more a defect of the

authority list than of the method of indexing.

As explained in Ref, 1, no "see also’ references were used in the main testing,
and it was surprising to find that such a small percentage of failures were
considered to be due to this. The technical staff had, as might be expected, more
difficulty in this respect, and found that they tended to "'go all round the subject"
before alighting on the heading used by the indexer.

Facet

Most of the comments concerning Facet have been made in the earlier chapters,
Its weakness undoubtedly lay in the insistence on the use of a fixed order combined

with chain indexing, and from our experience it appears unlikely that this technigue
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could have been successfully applied in this investigation. There are indications
throughout the test results that the more elements making up the complete
notation, the greaier the difficulty in locating the source document, but even with
less specific indexing, the use of the chain index would have resulted in difficult

and tedicus searches.

Ag a classification covering the subject field of the investigstion, the schedules
were considered to be very satisfactory by the indexers, a view which was not
changed by the sear ching. This was particularly shown in the subsequent test
{see page 59), when the fizxed order was abandoned and entries made by logical

combinations of the elements.

The notation of the Facet scheme, consisting of upper and lower case letlers,
wag most unsatisfactory, for there were frequent cases of confusion cauged by
insufficient difference between letters. This could have heen largely avoided
if certain letters and combinations of letters had been omliited. As it was,
an eight letter notation was more awkward to handle than a numerical notation

twice its length.
Uniterm

Uniterm, as a deseriptor language, can be gi\%en a high rating on many counts.
It achieved the best overall figures in the iest, it presenied no serious difficulties
for the technical searchers, it was the highest scoring system in the supplementary
indexing, both for indexers in the United States and in England, and was notably
successfiul with short indexing times. It appears {c have as g@éd a relevance figure
as any other system, and Table 6,6 {page 58) indicates that it did not compare

unfavourably in the recall of non-source relevant documenis,

It was deliberately operated in the simplest possible form, and, as discussed

in Ref. 1, p 74, it took, compared to the other systems, very little time to prepare.

The project originally began as an investigation into the comparative efficiency
of four indexing systems, and it might appear to be shirking the issue if no attempt
was made to answer the question that is so often put to us, '"What system ia
recommended ?" This is impossible to answer without qualification, for no
system which has been investigated has shown itself to be so markedly superior
as to justify its use in all conditions. The size of the collection, the number of
users, obviously the subject matter; these are the type of considerations which

would influence a decision.
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To take a personal case first, an academic organisation where all the students
are working on research theses. By discarding older references, the collection
remainds fairly constant at 40,000 - 50,000 documents. At certain times of the
day there may be a dozen or more people wishing to consult the catalogues.

The majority of the search questions will be for background material but many
requests are for specific information. A card catalogue is, in these circumstances,
the most practical store. Indexing is at a level of an average of five entries per
document, with an alphabetical arrangement of the cards in the catalogue. The
general use of inverted headings in the alphabetical subject list gives a measure

of classification, to a2 level which appears to be most useful to the searchers.
Combined with the list of headings is given a set of classified schedules to enable

the searchers fo find the appropriate and related headings.

As a different environment, we consider an information service in a research
organisation where the staff of the library would normally carry out the physical
search, In this case a post-co-ordinate system would appear most effective.
Possibly the quickest and cheapest store would be peek-a~-boo cards, which are
certainly effective for a collection with an annual intake of up to 20,000 documents.
The alphabetical subject index to the facet schedules would be perfectly satisfactory ‘
for the list of terms; the facet schedules would enable the terms to be used more

effectively in indexing and searching.

If, however, the catalogue was to serve a number of different establishments
within a large organisation and covered many different subject fields, then there
would appear to be reasonable grounds for deciding to use a standard system such
as the Universal Decimal Classification. On the other hand, if the subject field
is reasonably concentrated, then facet analysis is {to quote from Mr. Sharp's
comments in Ref. 1) "probably the most powerful tool ever to be introduced
into the science of classification and it undoubtedly provides a most rigoroué
method for the proper marshalling of terms in a given field". The facet
schedules used in the project and in connection with the W.R.U. test were

completely effective when the original principle of fixed order was abandoned.

However, our own predilection {a word which we use in its precise meaning,
for we can produce little data to substantiate it) would be that, where a large
computer and high speed print out was available, printed indexes should be

made available to as many individuals as required them. To do this effectively,
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simply and relatively cheaply, each document would be given a serial number
and a list of these, either titles and references or with the addition of abstracts,
would form the basic permanent store, to be supplemented with additional entrieg
as required. The documents would be indexed by a special facet classification
designed for the purposes of the organisation, with the separate elemenis being
combined a8 required, and an average of eight such combinations being allocated
for each document. A master classified card catalogue could be maintained if
desired, but the entries would be entered on tape, so that print-out would give

a copy of the classified card catalogue, except that it would not be necessary to
repeat the notation for all the separate entries that might have that notation. To

take a sample from the facet catalogue in the W. R.U. Test, it would read:

Nu Jg Dk 11789
Nu Ldr 11247, 11396

Nu Mahf Nbi Ok 11208

Nu Nbe Mahp 11514, 11632, 11885
Nu Nbe Vs 11518, 11732

ete. l

In a small collection, as was used in the W.R.U. Test, the number of different
notations will be large in relation to the number of documents, but will decrease
as the collection grows. To up-date such a file would be relatively simple, and
it would also be possible to subdivide the printed classified index so that
individuale received only those sections which covered their main interests.

It is estimated that for a collection of 100,000 documents, the classified index
would contain about 400 pages, if printed in a double-column layout such as
Chemical Titles. With KWIC indexing, a similar collection would require an

index five times the size, and would not be amenable to subdivision.

We await with keen interest news of any such application,
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CHAPTER 10

BASIC PROBLEMS OF INFORMATION RETRIEVAL

In this conecluding chapter, an attempt will be made to survey the basic problems
of information retrieval. Many of our statements will have been made before, and
much of it may appear to be in the nature of a "child's guide" to the subject.
Certainly, however, for many of our assertions it would be easier ito find
contradictory statements rather than supporting statements, but it is hoped that
the experimental results obtained in the investigation will provide supporting

evidence that has previously been lacking.

The discussion can be grouped into three main aspects. First there are the
requisites needed for an I. R. retrieval system. Secondly there are the essential
operations to be carried out and thirdly there is the question of system performance.
Inevitably, due to the interaction between these various aspects, it will not be

possible to malntain these divisions throughout the discusgion.

The basic requisites for an I. R. sysiem are that there should be a group of
potential users and a collection of documents, {which we will define as being &
general term to cover any item bearing intelligible marks) that can potentially
meeti some or all of the information requirements of the users. There must be a
physical environment to store the documents in whatever form they may be, and
so far we have come to the stage of describing a flibrary' in the classical sense of
being an unexploited collection of documents. To turn this into an information
retrieval system, we require that the useful information content of the documenis
should be recorded in a descriptor language and that a store should be available
for these records. The descriptor language may be basically simple or have a
complex structure and may be operated at a shallow or deep level. The store may
be one of many different kinds, such as a printed volume, a conventional card

catalogue, a collection of edge~ or centre~ punched cards or a computer.

The essential operations of the information retrieval system which we wish to
consider are limited to those which have been covered in this investigation and
which are considered to form the core of the whole problem. There are a number
of important actions concerned with acquisition which precede the first operation,
but whatever these may be, eventually they lead to the siage where a document has

to be indexed. The six operations from thereon consist of:~
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{1} concept indexing of the documents,

{2) translating the concept indexing into the
descriptor language,

{3) entering coded information into the store,
{4) concept analysis of the guestion,

{3) translating the concept analysis into
descriptor language,

{8) extracting coded information from store.

Later operations cover straightforward clerical matters such as obtaining the
original documents, but these are likewise outside the scope of our work. Nor are
the methods of assessing relevance of retrieved documents congidered here, since

it is not essential for this to be carried out within an I. R. system.

The performance of an I, R. system can be considered from a number of aspects.
Basically there is the efficlency in regard to recall and relevance. lis performance
in these matters will be affected by the indexing, the formulation of the search
programme and the specificity of the request. The decision as to the descriptor
language and the siore will determine the time and cost performance of the system,

although this can also be influenced by the efficiency which is demanded.

Having summarised the three groups of problems to be discussed, we will now
attempt to show their inter-relationship in the light of the resulis of the Investigation.
The most difficult, most{ onerous task in 1. R. is indexing, the plain hard slog of
indexing; on how well thig is done will depend more than any other facior the efficient
performance of an I. R. system. To quote Fairthorne, "Indexing is the basic problem,

as well as the costliest bottle-neck of information retrieval’,

Indexing, in the sense in which it is conventionally used, is a two-stage process,
even though many indexers will merge these two stages into a single process. The
tirst task of indexing is to decide on the subject content of the document which is
worthy of inclusion in the index., This we term 'concept indexing' and is in all
present conditions an intellectual process. There are attempts to turn it into a
pseudo-clerical process, and it might be argued that this has been done with key-
word-in-context indexing, and that it is being attempted in a more sophisticated
manner by statistical indexing {e.g. Ref. 8). This i5 to some extent true, but to
do this is to make the decision as to what subject concepts should be included in
the index according to some pre-arranged plan. A human indexer will also probably

try to work to a plan, but is able to alter his requisites in the light of special
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circumstances; the penalty for the ability to do this is the probability of human
error, as has been demonstrated in the analysis for reasons for failure in the

various tests,

However, for the purpose of this discussion, we will assume that the descision
concerning the concepis to be included is made by human indexers, and is therefore
an intellectual process. The second aspect of indexing is translating the selected
concepis into the descriptor language. As has been said, most indexers tend to
merge this oparation with the previous process of concept Indexing, for they will
think of their concept in the terms of the descriptor language, but these are two
distinct processes, and the second part, the translation into the descriptor language

ig, or should be, purely a <lerical process. .

Consider a document which is being Indexed. The decision is taken that the
document's subject content which is related to the purpose of the index is represented
by concepis A, B, C, D and B. This is the basic operation of concept indexing and
more than any other matter will determine the resulting efficiency of the system.

No document can be retrieved under a given concept unless its concept has heen
included at this sta;ge. Bqually important, if the concept is correctly translated
into the descriptor language, it is capable of being retrieved whatever descriptor
language is used, To illustrate this latter point, consider four descriptor languages

such as were used in the project.

Descriptor Language

Concept i i I iv
A Al A2 A3 Al}.a
4b

B B3 134

(BC), (BC),

C C3 C4
D D1 Dz DS D4a
4b

B E1 E2 E3 “y

TABLE 10.1

TRANSLATION OF CONCEPTS INTO DESCRIPTOR LANGUAGES
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Translating the concept indexing into the descriptior language I results in the
indexing terms A1 ) {BC)1 . D1 , and Ei . For descriptor language II, the indexing
terms become 151;2s (BCBBB B2 and Ez, Similarly for descriptor languages III and
1V, from which it is obvious that the four resulting indexes will contain exactly

the sazme information concerning the document.

This matter obviously raises some further points, and to deal with these it is
necessary to consider the nature of descriptor languages in terms of the basic types
rather than in terms of examples of types, such as U.D.C. or a particular
alphabetical subject heading list. In doing this we would stress the similarity
rather than the differences, for it has been the belief that descriptor languages

essentially differ from each other which has caused so much confusion.

All practical descriptor languages have common ground in their necessity to have
{a) an alphabetical érrangement,
{b) an arrangement showing relationship between terms,
This is not to say that every example of an actual descriptor language has these two
paris, for many simple Uniterm installations or the Keywords index of U.8S,
Government Technical Reports only have the alphabetical arrangement. It can
hardly be denied, however, that they would improve their efficiency if the user
had the further assistance of readily being able to locate related terms. Further,
assume in an alphabetical subject catalogue, the not uncommon position that a new
term is required. Either from memory {if keen enough) or by a visual check, the
indexer must go through the other terms already in the system to find whether a
new iterm should be entered as such or whether it should be directly croas- |
referenced 1o another term. If 'see also' entries are used, then the process must
be repeated to find which terms to "refer to" or to "refer from". Failure to do
this at the indexing stage would merely transfer the operation to the search stage,
where if there were a failure to find required information under & certain term
heading, the searcher would have to maké his own personal classification or

grouping of other terms in the system which might be useful for his purpose.

In practice, certain descriptor languages use the alphabetical arrangement for
the entries in the store, while in other cases the élphabetical arrangement is used
as an index to some form of classified grouping of entries in the store. To simplify
discussion on this point, we would here confine discussion to systems using pre~-
co-ordination, such as were, in the project, U.D.C., Alphébetical and Facet.

Assume that these three systems are represented by descript‘br languages I, I,
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and III in Table 10.1. It has been shown that into each descriptor language has
been fitted the basic concepts A, B, C, Dand E. In one case fhe coding is
represented by decimal notation, in the second case by words and in the third

case by letter notation, and these will determine the filing orders of the eniries

in the store, What exactly is the purpose of the different filing orders ? Each
system has had exactly the same amount of information put in to it, and therefore
each system is potentially capable of retrieving the same amount of information
irrespective of the order in which the entries are filed. The only valid reasen

that can be given for any particular filing order is the convenlence of the users

of the catalogue. The cenventional reason in favour of a classified filing order is
that similar subjects are brought in proximity with each other, with the implication
that this is not the case with Alphabetical, In favour of an alphabetical filing order
ig that the searcher can go direct to the siore, with the implication that the searcher

finds difficulty in using an alphabetical index leading to an unfamiliar notatlon.

In the project not one of these or of other points was shown 10 be of any real
tmportance. The technical staff found no difficulty with the complex U.D. C.
numbers used in the project, and scored better than with Alphabetical. An analysis
of the search programmes showed that U.D.C. searches involved just as many
different places in the caialogue to look as with Alphabetical. The analysis
showed no significant difference between alphabetical and classified systems for
failures which counld be in any way put down to the filing order. Convenience for

users is, therefore, the predominani consideration.

Whereas we have been considering so far the descriptor languages of a type

’ . whieh are‘nérmally used in a pre-co-ordinate manner, the position i, within the
; context so far considered, exactly the same with post-co-ordinate systems, but
betore arguing this matier, it is necessary to digscuss the final aspect, namely

system performance.

The points which have been shown on the curve in Figure 7.6 {page 72), refer
to the performance of the particular sysiem that was being tested, the Facet
catalogue of metallurgical literature used in the W. R.U. test. The section shown
in solid line is that part of the performance curve for which we have definite
information, and this shows how one can obtain, for instance, 90% recall. We
also know how io cbtain 100% recall, for this can always be done in any system and

for any question by looking at every document in the collection. Since it is known
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in the W. R.U. test collection that there was for each question an average of

3 documents with some degree of relevance, to take this extreme action of
3 x 100

1160~ 0.27.
It would probably be possible to improve this relevance ratio slightly by some

looking at every document would produce the low relevance ratio of

form of broad grouping without losing the 100% recall, but inevitably there would
be some stage where the improving relevance will result in a breakaway from the
100% recall. This argument will not, of course, hold in an environment where
the breadth of the question requirement is equal to the breadth of the collection
index. If the requests are for all information on metallurgy. and the document
collection consists of only documents on metallurgy, the 180% recall will be

achieved with 100% relevance.

-In considering recall and relevance it is therefore necessary to consider the
environment in which the system is operated and here the most important factor
is the type of question which will be put to it. Commonly one finds questions being
defined as "specific" or “general”, but it is difficult to give any agreed assessment
to these terms; a question that might be considered specific in a general reference
library would be a general question for a library specialising in the particular
subject area of the question. Some suggestions have been proposed for defining
specificity or generality by relating it to the number of concepts contained in the
question, and this method has been considered. While it may be reasonable to
do this in comparing different questions in relation to each other in & given situation,
it appears to be of doubtful use when attempting to obtain more precise values, . It
is therefore proposed that this matter should be controlled by giving question
specificity or generality a definite measure which will be obtained by relating the
size of the total collection to the number of relevant documents which the collection
contains. This would assume that the subject content of the collection was
restricted to a single discipline, and the following table is suggested as giving

this measure based on a collection of 100,000 documents:~
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Number of Relevant Question Generality
Documents Figure

0 - 4 1
5 = 10 2
11 - 20 3
21 - 40 4
41 - 100 5
101 - 500 8
501 - 2000 7
2001 -~ 10000 8
igoor - 20000 g

s
(=}

More than 20000
TABLE 10.2

QUESTION GENERALITY FIGURES

Indications are that the general level of operation is covered by Generality

Figures 8 to 8, although individual guestions would cover a far wider range.

Since, to return to the previoug argument, it 18 known that without using any
system, one can always obtain 100% recall, it therefore appears logical to argue
that the indexing is not carried cut for the purpose of finding relevant documents
so much as the purpose of not having to look at large numbers of irrelevant
documents. In stating, therefore, the performance requirements of an information
retrieval system, one can either ask that in a given environment, it must give a
cartain recall ratio with the best possible relevance figure, or say that it must
have a given relevance figure with the best possible recall ratio. Add to that
the requirement that the cost must not be above a certain figure and one has a

complete operational specification.

We can now start working back to the indexing to find how this can be
effected. First to the discussionbroken off concerning the essential similarity
between pre-co-ordinate and post-co-ordinate systems. If the fourth descriptor
language in Table 10.1 is taken to represent a post-co-ordinate system such
as Uniterm, it is definite that it contains no more information concerning
the basic document than do the other three pre-co-ordinate systems. The
apparent difference between the two types of systenﬁs is that the post-co-
ordinate system has the ability to retrieve any combination of the concepts,

whereas the pre-co-ordinate system can only do this by having the



requisite entries in the catalogue. If has frequently been implied that thig is

an outstanding advantage which makes a post-co-ordinate system far more
effective in retrieval. but the results of the investigation show that this advantage,
though it existed, was not large . In the Facet catalogue of the W.R.U. test,
when eight entries were made for each document, it had virtually disappeared.
The difference between the two types of system is therefore shown to be not a
fundamental difference but merely one of cost or convenience, and it has not

been proven ag yet on which side the advantage lies.

This brings us back to the indexing decisions, and here the obvious requirement
is for more work to be done 10 help the indexers. For discussion on this point,

the following definitions are proposed.

EXHAUSTIVE INDEXING

The indexing of every possible item in a document implies that several

different, but quite independent, units of information are given in the document.
The criterion is whether such a unit of information is a useful piece of
information in iis own right and is a truth even when taken out of context.
It differs from the bits of subject cdncepts which go to make up a compound
subject and which are represented by the elementis in a notation or a compound
subject heading or by the descriptors in a post-co-ordinate system.
Definition

The provision in the retrieval system of an entry for each individual
unit of information which is capable of standing alone and which comprises a
useful and valid piece of knowledge whether considered in the context of the
document in which it is contained or in isolation. {Such entries need not

necessarily be Vspecific' entries).

SPECIFIC INDEXING

An entry may be made under a heading which can be very broad and

which includes the subject heing indexed, or very narrow and covering only
part of the subject, or can reach a degree of 'specificity' such that the
heading represents the total subject content of the topic being indexed and
no more. (i.e. the parts of the heading together are necessary and
sufficient). In other words thé ultimate in 'specificity’ is the situation

wherein the heading is co-extensive with the subject it represents.
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Definition

The provision of a heading in a pre-co-ordinate system, which by
definition or usage, is co-extensive with the subject of the unit of informstion
being indexed, whether the vnit of information is part of a document or
comprises the entire document. In post-co-ordinate indexing, specific indexing
consists of the posting of the unit of information to all the terms which taken
together form a description of the unit which is co-extensive with its subject
content. !Bpecific’ used in this sense is absolute, but can also be used

relatively to indicate different levels of specificity in indexing.

SYNTACTIC INDEXING

Most alphabetical subject headings which consist of several elements

are syntactic in that they display adjectival and adverbal relationships, and
show the objects of processes, the subjects of problems, ete,, but this type
of heading in the present state of the art usually shows a low level of spacificity.
Such headings as coloned U.D.C. numbers are not syntactic in that there can be
ambiguity regarding the relationship of one element to another. The use of
'role indicators' is syntactic in principle but in the case of post~co-ordinate
indexing 'syntactic headings' as such do not exist until they are formulated as
a search programme.
Definition

The use of headings which display the relationship between the various
elements, as distinct from those which merely show the existence of several

attributes relevant to the subject indexed.

WEIGHTED INDEXING

Conventional indexing involves a 'Yes® or 'No' assessment; a concept either

is or is not considered worthy of inclusion in the index. It is possible for the
indexer to indicate the relative importance of different concepis in a dacumehé,
Definition

The provision with the indexing term of an igdication of the relative

importance of the term in the context of the document indexed.

Comparatively little is known of the cost and the effect on efficiency of exhaustive
indexing, apart from the certainty that it will result in higher recall but lower
relevance. Specific indexing on the other hand, will result in lower recall but

higher relevance. This will always be true whatever descriptor languages are
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used, if, as was implied with the systems get out in Table 10, they are operated

at the same level.

Considerable emphasis is being placed on techniques designed to show the
agsociation between terms, but none of these techniques appear to have any chance
of by-passing this fundamental problem of recall and relevance. As Fairthorne
puts it one can have "all but not only"” or "only but not all”. M is important to
realigse that it is the indexing and the descriptor language which determines the
highest relevance ratio that a system can attain, whereas recall can always be
.improved by adjusting the search programme, even, if necessary, up to the absurd
limit where the whole collection is retrieved. If a classification scheme such as
U.D.C. is never used beyond the first four figures, it will be useless to attempt
in retrieval {o distinguish between, say, 'altitude performance of piston engined
cargo aircraft'! {629.138.4:621.431.75:533.6.015,5) and frange performance of
jet-propelled private aircraft' (629.138. 56:621.45:533.8. 015, 74) for hoth would
be shown as 628.1:621.4:533. 8,

The same is true in a post-co-ordinate system if the descriptor language only
includes 300 descriptors as against 4,000 or so uniterms. Such indexing will give
good recall, but the best possible relevance will be lower than it would be with
the more specific indexing which can be done with the full U.D.C. schedules or
by using precise uniterms. Yet with the greater specificity and therefore betier
relevance, it is always possible to broaden a search so as {o achieve higher recall,
the penalty being that search procedures are more complex than when the indexing

is less specific.

It now becomes necessary to amplify the argument based on Table 10,1, It
remains true that given the same concept indexing, any two descriptor languages
- will have the same information content, and therefore the same potentiality for
retrieval. This might be modified by stating that their performance will be
similar if they are operated at the same level of indexing specificity. If this
level varies, then for a single level of search programme, it might be that the

performance of four systems could be shown as in Table 10. 3,
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60

40

20

0 20 40 60 80 100

TABLE 10.3

HYPOTHETICAL PERFORMANCE OF FOUR DESCRIPTOR
. LANGUAGES OPERATING AT DIFFERENT LEVELS

It is suggested, however, that system D, which can be seen to be utilising more
apecific indexing, could, with broader levels of searching, achieve the same
performance figure as system A. On the other hand, it would not be possible for
system A to match the performance figure of D, since it lacks the power to improve
the relevancy figure. All this leads to the conclusion that it is not the alternsiives
of classified or alphabetical arrangement, of post-co-ordinate or pre-co-ordinate
indexing {much less the alternatives of manual or mechanical searching) which
make any real difference in performance but the power of the descriptor language,
allied to the standard of the indexing. The ‘power! of a descriptor language is in
its ability to eliminate irrelevant references, and in addition to a hospitality for
specific indexing, there are at least two other devices which can be used, namely,
"syntactic indexing" and "'weighted indexing”. As far as is known, no valid
evidence exists as to what improvement these techniques can bring about, but
logically it would appear that they must assist in eliminating irrelevant references.

Any such improvement would probably have to be paid for by higher input costs.
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To summarise the argument, it is maintained that the most important factor
in the efficiency of an I. R. system is the concept indexing. More work is
required to assist the indexer in this stage of the work, particularly in relation
to the influence of exhaustive indexing on performance. There is the possibility
that computers will be able to do concept indexing; if the infallible machine can
be given a programme which will allow it {o operate at 90% of perfect indexing,
it will be near the level reached by the fallible human indexer. The translation
of the concept indexing {whether done by humans or machines) into the descriptor
language is a clerical process which can, in itgelf, not affect the efficiency of the
system. The main difference of importance between types of descriptor languages
ig in their power, which includes their receptivity for specific indexing and other
techniques such as syntactic indexing and weighted indexing. These improve the
ability of the system to eliminate irrelevant references and obtain a good relevance
ratio. The relevance ratio in combination with the recall ratio is the measure of
performance of an I, R. system, and can be expressed in a series of curves
indicating the performance according to environment, indexing level and preciseness

of search.

In an earlier paper we quoted a remark made by Mr. M.J. Lighthill, ¥.R.S.,
Director of the Royal Aircraft Establishment, Farnborough. It was taken from
a paper in which he was discussing the advances made in aeronautical engineering
over the last fifty years. Mr. Lighthill wrote, "Countless ingenious experiments
on models lay at the back of every advance and brilliant theories have been devised
to make sense of the experiments'. The present investigation has been one such
experiment,{but we would not claim that it was particularly "ingenious') and we hope
that others will find in this report the data to help devise theories that make
sense of the experiment, More than anything this investigation has highlighted the
major basic problem in information retrieval. As they appear to us, we have
attempted to set them out in this chapter; the continuation of the project will attempt

to find some of the solutions,
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APPENDIX 24

1. Document Group 14001 - 141060
Selection of documents used for compilation
of search questions
3. Questions resulting from selection
4. Extract of letter sent to compilers of questions

PART 1. DOCUMENT GROUP 14001 - 14100

LOVE,E.S. Pressure rise associated with shock-induced boundary
layer separation. 1855, NACA TN, 3801,

SEABERG,E.C. Laboratory investigation of an autopilot utilizing a
mechanical linkage with a dead spot to obtain an effective rate gignal.
18568. NACA TN. 3602,

ADAMS,J.J. and MATHEWS,C.W. Theoretical study of the lateral
frequency response to gusts of a fighter airplane, both with controls
fized and with several types of autopilots. 1856. NACA TN. 3803,

HORNE,W. and others. Low speed yawed-rolling characteristics and
other elastic properties of a pair of 28 -inch diameter, 12 ply rating,
type VIl aircraflt tires, 1956, NACA TN. 3804,

QUELIO, M.J. Theoretical span load distributions and rolling moments

for sideslipping wings of arbitrary plan form in incompressible flow.

1955, NACA TN, 3508,

BUCKEL,V. Tabulation of the f1 functions which cccur in the asrodynamic
#

theory of oscillating wings in supersonic flow. 1956. NACA TN. 3608,

DALEY,B.N. and DICK,R.8. Effect of thickness, camber and thickness
distribution on airfoil characteristics at Mach numbers up to 1.0.
1956, NACA TN. 3607.

EDGE,P.M. Hydrodynamic impaci 1o%ds in smooth water for a prismatic
float having an angle of dead rise of 10, 1956. NACA TN, 3808.

BOBBITT,P.J. Linearized lifting-surface and lifting line evaluation
of sidewash behind rolling triangular wings at supersonic speeds.
1966, NACA TN, 3609.

HARRIN,E.N. Comparison of landing-impact velocities of first and
second wheel to contact from statistical measurements of transport
airplane landings. 1958. NACA TN, 3610,

SPAHR,J.R. Theoretical investigation of the effecis of configuration
changes on the center-of-pressure shift of a body-wing-tail combination due
to angle of attack and Mach number ai {ransonic and supersonic speeds.
1955, NACA RM.ALSBF0Z,

CHAPMAN,D. R, and others. Preliminary report on a study of
separated flows in supersonic and subsonic streams. 1858,
NACA TM.AS55L14,

MOEZECKEL,W.E. Flow separation ahead of a blunt axially symmetric
body at Mach numbers 1.76 t0 1.10. 1951. NACA RM.E51128,
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PART 2. SELECTION OF DOCUMENTS USED FOR
COMPILATION OF SEARCH QUESTIONS
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PART 3. QUESTIONS RESULTING FROM SELECTION

P14001  40-08 Boundary-layer shock wave interaction.
P14004  40-13 Flastic characteristics of 26 x 6.6 pneumatic tyres.
P140067  40-07 Effect of change of aerofoil design lift coefficient on the

type of flow obtained in the transonic region.

P140608  40-11 Method of calculating sidewash on vertical fin due to wing
rolling, for delta wing 2t M =32,

P14017  40-01 Locate & table giging: specific entropy of air at temperatures
from 500 to BOGOTXK,

Pi4028  40-08 Stresses at joins betweer a pressurised spherical shell and
a cylinder.

PL40Es 40032 Plagiics in radomas.

PiL4088  4D-18 Tge of networks to modify the voitage/frequency and
impedance { frequency characteristics of an alternator.

14041  40-08 Data on sirength of R. . 58 sheetl at elevated temperatures.

P14053  40-13 Application of Tsien's hypersonic similarity theory for
potential flow to two dimengional and axiallv-symmeiric
nozzle flow.

PL40BE  40-03 Application of hypersonic similarity theory io analysis of
nozzle flow.

P140680  40-04 Comparison of convertiplanes with helicopters.

P14080  40-34 Weight and power estimates for convertiplane, helicopter,
and airplane, each with 4,000 pounds pay loads.

Bi14063  40-05 Optirmum shapes for iwo-dimensional wing sections at
supersonic speeds.

P14083  40-10 Sugerucempressibimy factor of natural gas at flow {emperature
80" F and flow pressure 1400 p.s.i.g.
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PART 4. EXTRACT OF LETTER SENT TQO COMPILERS OF QUESTIONS

"The Test Programme

"The testing of the systems will be done by putting to the various indexes
questions which are based on documents in the collection. We need altogether
a total of 1,500 guestions, and we should be grateful for offers to compile

twenty questions or multiples of twenty.

"To those who volunteer to help in this aspect we will send a selecied list
of references to papers included in the project. We will ask that questions based
on the listed documents should be compiled, and that such guestions should range
from the specific to the general, i.e. some questions should be so specific that
the document on which they are based is likely to be the only document which
would give the angwer, while other guestions are of such a general nature that
a satisfactory answer might be expected to be found in a number of documents.
Examples of such questions might be 'hinge moments of a horizontal tail, 45 deg. ,
sweptback planform, of aspect ratio 2 and taper raiic 0.5t, or 'effect of surface
roughness on drag of aircraft!, While these two examples deal with aerodynamics,

we shall require questions based on all the subject fields included in this project.
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APPERDIX 2B

PROGRAMME RULES

A single search consists of an exhaustive permutation {as far as the
systern permits) of any given combination of slements.

{a} In U.D.C. each permuiation of the selected elements shall constifuie
a sub-gearch.

e.g. A B33.6.013,12 ABC = 1a
B 533.683.31 BAC = 1b
C B33.69.032 CAB = lc

{b} In Pacet a sub-search will be each search where the given elements
are in combination with other elements.

e.g. Cdl{IjlNr Oss = la

Cdlij)Nbk Nr Oss
Ca{lj} Nbj Nr Oss

i

ib
ic

{e} In Alphabetical a sub-search will be where a more specific heading
is searched,

e.g. WINGS, DELTA - Drag = la

WINGS, DELTA, SUPERSONIC -~ Drag
WINGS, DELTA, TRANSONIC - Drag

ib
ie

#

h

The alteration or deletion of any one or more parts of the original set of
elements shall constituie a new search.

e.g. 1st Search ABC
2nd Search ABD
3rd Search AB
4th Search DE

The complete search programme may be continued to a stage where there
is one less than the original number of concepis required.

e.g. If the basic search is for ABC, it 18 permissible to search AB, BC
or AC, but not A or B or C.
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APPENDIX 3A

STATISTICAL ANALYSIS

J. T. Barris

For the purpose of statistical analysis it was found possible to combine tables
3.2 and 3.9, 3.3 and 3.10, and 3.4 and 3.11. Each combined table could then be
subjected to a 3-factor analysis of variance procedure. Each of the tables 3. 5, 3.8
and 3.7 were subjected to a 2-factor analysis of variance procedure. However the
six tables analysed involved only eight main factors since one factor appeared in
each of the six tables and another in each of the three combined tables,

Tables 3.1 and 3.6 were excluded from the statistical analysis since the factors
involved would be covered by the above analyses.

Since the original data was in percentage form it was considered appropriate
to subject them to an angular transformation before proceeding with the analysis.
In addition a value of sixty was deducted from each value thus obtained so as to ease
the subsequent numerical calculations without affecting the resulis, The figures so
adjusted appear as the transformed values in the tables below.

The procedure of analysis of variance separates the tctal variance into that
contributed by the separate factors. Using Snedecor's F test it is possible to
determine whether the variation introduced by a given factor is significantly different
from sampling fluctuation . Where an F value reaches the 5% level of significance it
is denoted by one star, where it reaches the 1% level it is denoted by two stars, and
where it reaches the 0.1% level it is denoted by three stars. The three situations
are referred to as gignificant, highly significant, and very highly significant,
respectively. Full details of the procedure can be obtained in an appropriate
statistical handbook.

The definitions of the symbols and their subscripts appear in the tables where
they are first employed. A brief summary is given with each analysis and an
overall one is included at the end.
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Tables 3.2 and 3.9

Percentage retrieval for indexers for searches by project

Times {mins. ¥T}

Method (M)

U.D.C.

FACET

MS

UNITERM
M

4

Staff ()

Project (3))

and technical staff

Technical (Sa)

S

2

Transformed Values

Means of Times

Ex.Facet

Means of Staff

Ex.Facet

Means of Methods

4.56
7.32

16
T

1
82
84

89
81

16
82

a9
85

12
T,

890
86

85
18

79
73

85
83

=3 O D2 w2 w3 B3
P PR >
- 3 &0 2SO

-0.26
1.03

-3.48

8
T
74

8

77
74

71
66

83
73

6.07

4
s

77

78

-3 €2
DI =l

~-13.1
-2.8

%0 D
=3 D

-0.75
-0.03

3
- g
« -
LR

« 8
o B2

& =3
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Analysis of Variance (Full)

Source of Variance Sum of Sqq. D. of F. Variance Significance
Main Effects ;
M 473.57 3 157.86
S 58.32 1 58.32
T 198.19 4 48,55 A
Interactions
MxS 110.446 3 35.82 #
MxT 149.40 12 12.45
S xT 26.27 4 6.57
Residual 73.70 12 §.14
Total 1089.52 39 27.65
Analysis of Variance (Ex. Facet)
Source of Variance Sum of 8qq. D, of F, Variance Significance
Main Effects
M 79.35 2 39.68
S 16.58 1 16.58
T 235.16 4 58.79 ek
Interactions
Mx8S 84.61 2 4%.31 Hek
M=xT 45.86 8 5.73
S xT 89.55 4 2.39
Residual §61.19 8 7.85
Total 532.30 29 18.386

The full analysis of variance table indicates that the M x T and the Sx T
variances do not differ significantly from the residual. A new residual varisnce
of 8.91 was thus possible by combining the three, Against this the M x §
variance and the T variance were significant and highly significant respectively.
The M and S variances are not significant when tested against the value for M x S,

Since Facet appears to behave in a distinctly different way from the other
Methods the analysis was undertaken with its exclusion. Once again a new
residual combining the original and the M x T and the S x T variances was
possible and a value of 5.83 obtained for it. The conclusions however remain
unchanged except for significance at a higher level.
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Tables 3.3 and 3,10

Percentage reirieval for indexers for searches by project

Indexers {1}
Metnod (M) Staff {8}

M, 8 .
SZ

Ma Sg
5,
M3 31
5,

M s
s %

s

Transformed Values

Means of Indexers

Ex .Facet

Means of Staff

Ex. Facetl

Means of Methods
M M

ki 2

2.65 2.62

and technical staff

Hadlow
I
4

74
81

8o
78

71
83

84
78

=07
4.2

3.4
0.7

-2.8

6.4
2.0

Warburton
Iﬂ
81
T
856
70

78
89

83
85

4.2
1.8

7.2
-3.2

2.0
-3.8

5.6
7.2

83
78

71
64

86
82

1.3

5.

d pd B
[o1 ¥
R N

6
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Analyais of Variance (Full)

Source of Variance Swn of Sgq. D, of F. Variance Significance

Main Effects

M £71.57 3 80.52
s 40.82 1 40,82
I 15.16 2 7.58
Interactions
Mx3 55.58 3 18.53 *
MxI 19.98 6 3.33
S x1 9.37 2 4.69
Residual : 37.72 8 6.29
Total 450.22 23 18.57

Analysis of Variance {Ex.Facet)

Source of Variance Sum of Sqq. D. of B, Varignce Significance

Main Effects

M 37.21 2 18.81
S 14.%6 1 14.78
I 10.87 2 5.43
Interactions
MxS 44.14 2 22.07 *
Mx1I 2.86 4 0.71
S =21 9.82 2 4,91
Residual 36.70 4 g.18
Total 156.36 17 8.20

The full analysis of variance table indicates that a new residual combining
the original and the M x I and the S x I variances is possible. Its value is 4.78.
Againgt this the M x S variance is significant and the I variance not significant.
The M and 8 variances are not significant in comparison with that of M x S.

" An analysis excluding Facet reveals the same conclusions with in this case
a new residual of 4.94,
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Tables 3.4 and 3.11

Percentage retrieval according to subject for all searches

by project and technical staff

Subject {3} Aeronautical General
Method {M) Staff {S) J, I,
M, 5, 73 78
5, (& . 82
M‘.g S% 79 a4
8, 72 T4
M s S% 70 77
S, 62 72
M 8 82 82
4 k]
B, g1 81
Transformed Values ~1.3 2.7
1.3 4.9
2.7 §.4
-1.9 =0,7
3.2 1.3
-8.1 =1.8
4.9 4.9
4.2 4.3
Means of Methods
M? M& MS M@
1.9 1.62 -2.97 4,58
Means of Staff
Sﬁ SE
: 2,30 6.25
Ex Facet 3.38 2.00
Means of Subjects ;
& J
4 2
-0,17 2,72
Ex Facet 1.68 3.73
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Analysis of Variance (Full)

Source of Variance Sum of Sqq. D. of F. Variance Significance
Main Effects
M 117.20 3 39.07 ?
S 16.81 1 16.81
4 33.64 1 33.64
Interactions
MxS 40,06 3 13.35 ek
M=xJ 15.42 3 5.14 *
S xJ 0.09 1 0.09
Residual 2.23 3 00.74
Total 225.47 15 15.03

Analysis of Variance (Ex. Facet)

Source of Variance Sum of Sqq. D. of P, Variance Significance
Main Effects
M 20.87 2 10.44
8 5.74 1 5.74
J 13.02 1 13.03 *
Interactions
MxS 34.73 2 17.37 #
MxJd 7.42 2 3.71
S xd 0.70 1 0.70
Residual 0.90 2 0.45
Total 83.39 11 7.58

The full analysis of variance indicates that the S x J variance can be combined
with that of the residual to yield a new value of 0.58. Against this the M x J and
the M x S variances are significant and highly significant respectively. When the
S variance is compared with the M x S variance it is not significant and similarly
when the J value is compared with that of the M x J value. There is no way of
telling whether the M value is significant.

Once again an analysis excluding Facet was undertaken. A new residual as
above was possible with a value of 0,53, Against this however the M x J variance
was not significant so that a further new residual of 1.80 was possible. The
M x S and J variances were significant in comparison with this value but the M
and S variances were not in comparison with the M x S value.



Percentage

Table 3,5

retrieval aceording to indexing sub-programme

Bocuments (D)
Method {M)

Trangformed Values

Means of Metheds

Means of Documents

for searches by College staff

1 - 6000

PronSiE———————

Di
64

75

~4.,30

Analysis of Variance (Full)

Source of Variance

Main Effects

Sum of Sgg.

6001 - 12000 12001 - 18000
D, Dy
74 77
80 82
74 74
77 86
-0.7 1.3
3.4 4.9
-0.7 0.7
1.3 8.0
M3 Ml&
-2.83  2.03
DS
3.37

D, of F. Variance Significance

M 72.67 3 24.2 *
D 122.23 2 61.12 s
Besidual 17.77 & 2.06
Total 212.67 11 18.33

The analysis reveals that the D
M significant. These results are su
arising from the use of an est

main effect is highly significant and that of
fficiently strong to require no modification
imated value in cell D,, M. Facet itself does

not appear to behave in such a way a8 to demand any further analysis.
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Table 3.6

Percentage retrieval for searches by project staff in the

three rounds of testing

Round {R) 1 2
Method (M) R, R,
M, 78 74
M, 83 78
M3 73 69
M, 78 81
Transformed Values
2.0 =0,7
4.9 2.0
~1.3 -3.8
. 2.0 4.2
Means of Methods
M, M, M M,
0.87 4,43 -0,80 5.03
Means of Rounds
4 RB
1.80 0.42
Ex, Pacet 2.97 1.83
Analysis of Variance {Full)
Source of Variance Sum of 8qq. D. of 7, Variance
Main Effects
M 72.89 3 24.30
R 37.25 2 18.63
Residual 22.76 6 3,79
Total 132.90 11 12,08
Analvsis of Variance {(Ex.Facet)
Source of Variance Sum of 8qq. D. of F. Varilance
Main Effects
M 33.61 2 16.81
R 19.14 2 8.57
Residual 19.37 4 4.84
Total 72.12 8 9.01

76
84
79

WO
© ~3 B =3

Sign}ificance

*®

Significance

In the full analysis the main effect M is gignificant but the R effect falls just
short of it, When Facet is excluded neither main effect reaches significance.
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Table 3.7

Percentage retrieval by searching for project staff in first

two rounds of testing

Persons {P) Warburton Hadlow Cleverdon
Method (M) Pi P, Py
M, i 75 76
M, 80 84 71
My 4 71 70
M, 83 78 82
Transformed Values
1.3 0 0.7
3.4 6.4 1.3
=0.7 -2.6 -3,2
5.6 2.0 4.9
Means of Methods '
’ M, M, M, M,
0.67 3.70 -2.10 4,17
Means of Persons
B P 5
2.40 1.45 0.92
BEx Facet 3.43 2.80 : 2.30
Analysis of Variance (Full)
Source of Variance Sum of Sqq. D. of F. Variance Significance
Main Effects
M 78.17 3 26.06 ek
P 4.47 2 2.24
Residual 20.21 6 3.37
Total 102.85 11 9.35
Analysis of Variance (Ex Facet) _
Source of Variance Sum of Sqq. D. of F. Variance Significance
Main Effects ‘
M 21.67 2 10.83
P 1.94 2 0.97
Residual 19.34 4 4.83
Total 42,94 8 5.37

In the full analysis the P variance can be combined with the residual to give a new
residual of 3.08. Against this the main effect is highly significant. The exclusion of
Facet gives rise to a situation where M is not significant.
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Whilst different values for the residual terms are obtained in ihe different
analyses close agreement is seen to exist between those of the full 2-factor
analyses and between two of the full 3-factor analyses. The same applies, but
with a higher value for the residuval,in situations where Facet is excluded. The
behaviour of the combined tables 3,4 and 3.11 appears in certain respects {o be
oul of keeping with that of the others and so the conclusions of its analysis needs
to be treated with a certain amount of reservation.

The valueg obtained generally for the residual are high and well abeove those that
would arise from binomial variation alone, A large amount of extraneous variation.
is present and it is against this almost entirely that the contributions of the various
factors have to be judged.

There are amongst the eight factors considered some whose contribution iz not
significantly different from that of the residual. These are Persons representing
different searches, Indexers, and Rounds of testing. Documents introduces very
significant variation with seemingly a strong correlation between success and
document numbering. There also appears to be a significantly better response with
General subjects as with Aeronautical ones.

Time itself is a significant factor but the mode of its behavicur is seen to he
peculiar. The values for 4 minutes are higher generally than those for & minutes
especially when Facet is excluded. This suggests the need for further investig

The contributions of Method and Staff are significant by way of interaction and in
order to study the behaviour of these more closely the averages of Method and Staff
for the three combined studies are recorded below., The ordering has been alterad io
rank favourably for Project.

Uniterm Alpha. U.n.C. Facet

Time Project 8.62 5.52 1.40 -0.88
Technical 5.52 ~(.26 3.82 -G.08

Indexers Project 6.67 5.40 1.60 -1.07
Technical 4.70 -0.17 3.70 -6.07

Subject  Project 4,90 4.55 0.70 -0.95
Technical 4.20 -1.30 3.10 -5.00

It will be observed that the results for Technical are more varied than those for
Project. For both Uniterm is the most and Facet the least favourable. However
the lead of Project for Unilerm is not so great as that for Facet, Next to Uniterm
for Project comes Alphabetical, The difference is small and the actual values
seem slightly higher than those of Uniterm for Technical. In the third place for
Project comes U.1. C. but it ig nearer to Facet than it is to Alphabetical. The
second place for Technical is neld by U.D. C. and this is fairly close to Uniterm.
The reverasl of the ranking of Alphabetical and U.D.C. is very interesting - the
difference between them for Project and for Technical appears significantly the
Facet hnlds fourth position for Technical the difference between it
and Alphabetical is relatively great.
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APPENDIX 4A

100 QUESTIONS BASED ON SOURCE DOCUMENTS LISTED IN

20-06

20-07

20-08

20-08

20-10

21-08

21-07

21-08

21-08
21-10
22-08

22-07

22-08

22-09
22-190
23-06
23-07

23-08

23-08

23-10

APPENDIX 4B

Magnitude of reductions in heat transfer on the nose region of a
body when ablation of the surface takes place. (P12002)

What is the crack propagation rate for 7075-T8 aluminium alloy.
{P12004)

Panel flutiey analysis. {P12055)
Typical shear values for commercial huckbolts. {(P12063)
Use of stabilizing signals in servo-mechanisms. (P12098)

Frequency and natural modes of the vibrations of box-beam and
delta wings. {P12120)

Electrical analogy methods - lifting line calculator. (P12125)
Comparisonof caleulated and experimental performance of an axial
compressor stage having constant stator inlet air angle of 50%

reaction at mean stage radius. {P12136)

Corrosion-resistance controls on production of stainless steels. (P12178)
Enthalpy boundary layer profiles on a cone at large yaw. {P12187)

Wind tunnel interference on oscillating wings. (P12221)

Analysis of the tuned circuits of a demodulator for frequency
modulation., {P12243)

A method of using hot wire technique to measure turbulence functions
in turbulent supersonic flow. (P12257)

What metallographic procedure is followed for TiC cermets. {P12282)

What ig the equation of magnetohydrostatics. (P12300)

" Relation of surface-cooling to boundary layer transition. (P12309)

Performance of centrebody intakes., (P12311)

Rate of fuel vaporization in the combustion chamber of a heptane oxygen
rocket engine. (P12313)

Veloeity profile, heat transfer and skin friction data for turbulent
boundary layers in hypersonic flow. (P12355)

Dimensional analysis of the performance of one-stream combustion
chambers. {P12362)



24-08

24-07

24-08

24-09
24-10
25-08

25-07

25-08

35-09

25-10

26-06

26-07

26-08

26-09

28-10

27-08

2707

27-08
27-09

27-10
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The effective pitching moment of inertia of an aircraft with a
flexible swept wing. {P124086)

The effects of lateral damping on the dispersion of fighter aeroplane
gunfire, (P12414)

The effect of crossover passages in the blade tip on eirculation of
coolant through passages in turbine rotor blades. {P12439)

Calculation of damping in roll at supersonic speeds. (P12456)
Effect of altitude on helicopter performance. (P12475)
Effect of vibration on the structural properties of a wing. (P12504)

Comparison of alclad and unclad aluminium sheets riveted together
and subjected to fatigue loading. (P12514)

Electromagnetic analogy for downwash, (P12538)

What humidity is considered sllowable in intermittent wind tunnels,
and how is it obtained most efficiently. (P12576)

Approximate solution of 2-d supersonic rotational flow in the
neighbourhood of an expansive corner. (P1 2587)

Mechanism by which hydrogen leaves the molecular'phase and guters
a metal, (P12611) :

Reverse flow theorems at supersanic speeds. (P12615)

Comparison of heat tranafer theories in forced, non-isothermal,
convection over arbitrary surfaces. (P12862)

Explain the significance of flying boat forebody warp with regard to
the characteristics of longitudinal stability, blister spray generation
and impact loads encountered during landing. {P12675)

What values have been reported for actuation energies of the damping
process in aluminium-copper alloys. (P12695)

Effect of flexible walled nozzles on supersonic flow. (P12706)

Effect of shear lag ontransverse oscillations of thin-walled cylindrical
beams. (P12712)

Experiments on throttle fuel controls for gas-turbine engines. (P12740)
Impedance testing of aircraft power control units. (P12767)

Stability data for propane air mixtures stabilized by an annular air
jet. {P12776)



28-06

28-07

28-08

28-09

28-10

29-06

29-07

29-08

29-09

28-10

30-06

36-07

30-08

30-09

30-10

31~-086
31-07
31-08
31-09

31-10
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Reduction of the nonlinear partial differential equations for the
laminar boundary layer over a cone at large angles of attack in
supersonic flow, to a set of simultaneous algebraic equations.
(P12810)

Theoretical caleulation of the performance of half -delta wing-tip
controls on the tips of delta wings. {P12838)

Theoretical method for predicting pressure distribution on an
oscillating airfoil in two-dimensional flow at Mach number 4 or
greater. {P12860)

Beam riding guidance of anti-aircraft missiles, (P12864)

What is the effect of rapid quenching on A356 aluminium casting
alloy. (P12895)

Can cermets be used as structural materials above 1000°C. {12938}

Alleviation of the airplane pitch-up problem by the use of leading
edge slatg, (P12944)

Effect of combined tension and bending on curvature of beams in
the plastic range. (P12956)

Transformation theory of the partial differential equations of gas
dynamics, {P12958)

Design practices to minimize stress corrosion of metals., (P12879)
What is the average decrease in gas consumption per horse power
hour for reciprocating aircraft engines in the course of their
history. (P13059)

Optimum thickness distribution for elliptical plan form. ({P13066)
Unsteady laminar boundary layer flows. {P13069)

How does the fatigue life of aluminium alloy M. G.5 vary with the
maximum induced stress in bending fatigue tests. (P13074)

Importance of inherent instability in the controllability of an aircraft.
{P13080)

A photoelastic investigation of stress concentratien. (P13102)
Wave drag of shrouded bodies, {(P13113)

Eifect of shock waves on laminar boundary layers. {(P13142)
Theory of deformation of a thin conical sheet. {P13171)

Calculation of the net drag imposed by a ram-air cooling system
{for aircraft). {(P13177)
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32-06 Separated laminar flows at hypersenic Mach numbers. {P13207)

32-87 Effect of leading edge flaps on NACA 0006 airfoil at low speeds.

{P13212)

32-08 The required length of double-diaphragm shock tubes using helium.
{P13259)

32-09 Factors to be considered in the design of cooling fins for an air cooled

semiconductor rectifier, {P13267)

32-10 How to reduce size and weight of computer equipment whilet maintaining
ease of serviceability and military service standard of reliability. {P13269)

33-06 Lioecal temper%:ure -recovery factor of a turbulent boundary layer on 2
supersonic 40" cone. (P13304)

33-07 Effect of stress frequency on metal fatigue. (P13307)

33-08 Prevention of transition to turbulent boundary layer flow by distributed
suction. (P13334)

33-09 How does the shock standoff distance vary with the strength of the
magnetic field. (P13383)

33-10 Controlled thermonuclear reactions for space flight. {P13387)

34-06 Portable devices for reducing noise level of jet aircraft on the ground.
{(P13403) '

34-07 Effectual porosity on the pressure digtribution over a suction flap,
{P13408)

34-08 Have Thescal hard solders been A.1.D. approved. {P13451)
34-09 Pogsible applications for shrouded prepelier‘s. {13461)

34-10 Adv&ntageé of using solid rockets in preference to Mguid rockets,
{P13461)

35-06 The use of suction a& a means of boundary layer contral in the design
of a diffuser for turbo-jet engines, (P13505)

35-07 Vibrations in 45° delta wings - deflectional behaviour under static
tests. (P13509)

35-08 Formula for calculating fatigue damage. (P13523})
35-09 Hovercraft model tests. {(P13563)

35-10 Calculation of heat flows in a cylinder surrounded by a radiation
shield. (P13876)

38-06 Wing-aileron flutter in three-degrees of freedom for three-
dimensional flow. (P13604)
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36-07 Effect of Mach number on transition of three~dimensional boundary
layer. (P13608)

36-08 Pressure distribution over a small aspect ratio unswept wing in a
yawed stream. (P13616)

36-09 Types of failures of pressure cabins. (P13645)
36-10 Measurement of surface pressure on thin bodies. {(P13653)

37-08 Tensile and compressive stress-strain tests on specific ferrous
alloys., (P13705)

37-07 Heat transfer in turbulent boundary layers of a flat plate at supersonic
speeds. {(P13718)

37-08 In strain-gauge techniques employing a Wheatstone Bridge can it be
assumed that the bridge output is linear with applied strain, {(P13750)

37-09 Approximate solutions for lowest natural frequency of isosceles triangular
plates with equal edges. simply supperted and base clamped. {P13781)

37-10 Effect on the shock line of accelerating a slender supersonic aerofoil.
{P13789)

38-06 Measurement of screech in rocket engines. (P13807)

38-07 Relationship between thermal stability of pentaborane and temperature.
{P13841)

38-08 Bffect of helium diffusion field at Mach 8 on laminar boundary layer.
{P138586)

38-09 Comparison of distribution of radial and circumferential stresses for

circular hole in thin infinite plate, given by Tresca and Mises' yield
conditions. {P13888) .

38-10 Material on Boeing's data processing system. (P13900)

39-06 The use of thrust reversal in reducing the air speed of a jet alrcraft.
{P13903)

38-07 Properties and combustion data of cordite SU/K and other solid
propellants. (P13908)

39-08 Characteristics of flow past cones at incidence at supsrsonic speeds.
(P13831) '

39-09 Choice of power-plant installations for supersonic jet transporis.
(P13985)

39-10 Editing of flight test data. (P13983)
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APPENDIX 4B

TITLES OF SOURCE DOCUMENTS FOR QUESTIONS LISTEﬁ IN APPENDIX 4A

P12002

P12004

P12055

P12063

P12098

P12120

P12125

P12136

P12179

P12187

P12221

P12243

P122567

P12282

P12300

ROBERTS, L. A theoretical study of stagnation point ablation.
N.A,C.A. TN.4383,

McEVILY, A.J. & ILLG,W. The rate of fatigue crack propagation
in two aluminium alloys. N.A.C.A. TN.4394.

HEDGEPETH, J. M. & others. Analysis of flutter in compressible
flow of a panel on many supports. Jnl.Aero.Ses. 1954, pp 475-486,

BRILMYER, H.G. Fatigue analysis of aircraft bolts. Aero.Eng.
Rev. July 1955, pp 48-54.

OLDENBURGER, R. & LIU,C.C. Signal stabilization of a control
system. App. & Ind. May 1953, pp 968-100,

HEDGEPETH, J.M. Recent research on the determination of natural
modes and frequencies of aircraft wing structures. AGARD Report 37.

POCOCK, P.J. The calculation of the wave drag of an arbitrary
slender body by means of an electrical analogy tank. N. A.E. Lab.
Report LR-127. )

CARTER,A.D.S., ANDREWS, S.J. & FIELDER,E.A. The design and
testing of an axial compressor having a mean stage temperature
rise of 30°C. N.G.T.E. Report R, 148,

SCOTT, J.H. Predicting corrosion resistance by microscopic
examination. Metal Progress, March 1956, pp 79-80.

LAURIN, R.V. Laminar heat transfer on three dimensional blunt
nosed bodies in hypersonic flow. A.R.S. Jnl. Feb.1958, pp 123-128,

GARRICK,I.E. Aerodynamic theory and its application to flutter.
AGARD Report 34,

MAY, G. The conversion of frequency-modulated {o amplitude-
modulated signals in the Foster-Seeley discriminator.
B.A.E. Tech.Note RAD.8786.

KOVASZNAY, L.S.G. Turbulence in supersonic flow. Jnl. Aero.Scs.
1953, pp 657-674.

HAVEKOTTE,W.L. High temperature parts based on titanium
carbide, Metal Progress, April 1956, pp 56-62.

MAWARDI,O.K. Magnetohydrodynamics: a survey of the literature.
App.Mech. Rev. July, 1959, pp 443-446.



P12309

PL2311

P12313

P12355

P12362

P124086

P12414

P12439

P12456

- P12475

P12504

P12514

P12538

P12576

P12587

P12611
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JACK, J.R, & others. Effects of extreme surface cooling on
boundary layer transition. N.A.C.A. TN.4084.

MEYER, R. Flow-turning losses associated with zero-drag
external compression supersonic inlets. N.A.C.A. TN, 4088.

PRIEM, R.J. Propellant vaporization as a criterion fer rocket
engine design calculations using various log-probability
distributions of heptane drops. N.A.C.A. TN.4098.

LOBBE, R.K. & others. Experimental investigation of turbulent
boundary layers in hypersonic flow. Jnl.Aero.Scs.1955 pp 1-9.

SPALDING, D.B. Performance criteria of gas-turbine combustion
chambers. Aircraft Engineering, 1956, pp 104-110,

AIKEN, W. Analysis of horizontal tail loads in pitching manoeuvres
on a flexible swept-wing jet bomber. N.A.C.A.TN.4181.

KUBHNEL, H. A flight investigation of the effects of varied lateral
damping on the effectiveness of a fighter airplane as a gun platform.
N.A.C.A. TN.4189.

ZALABAK, C.F. & CURREN, A.N. Effect of blade -tip crossover
passages on natural-convection water~-cooling of gas-turbine blades.
N.A.C.A. RM. E55K21a,

MARTIN, J.C. & GERBER, N. The second order lifting pressure and
damping in roll of sweptback rolling airfoils at supersonic speeds.
Jnl. Aero.Scs. 1953, pp 689-704.

SUTHERBY, P.F. Possible flight paths for helicopters. Jnl. Roy.
Aero. Soc. 1957, pp B811-814.

FEARNOW, D.D. Investigation of the structural damping of a full
scale airplane wing. N.A,.C.A. TN.2594.

HOWARD, D.M. & SMITH, F.C. Fatigue and static tests of flush-
riveted joints. N.A.C.A. TN.2709.

JONES, W.P. Note on lifting plane theory with special reference to
Falkner's approximate method and a proposed electrical device for
measuring downwash distributions. A.R.C. R. & M. 2225.

LUKASIEWICZ, J. Development of large intermittent wind tunnels.
Jnl. Roy. Aero. Soc. 1855, pp 259-278.

PAI, S.I. Two dimensional supersonic shear flow around a corner.

Proc. 2nd U.S. Conf. App. Mech. pp 637-642.

McGRAW, L.D. & others. A fundamental study of the mechanism by
which hydrogen enters metals during chemical and electrochemical
processing. N.A.C.A. TN.2686.
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P12615 HEASLETT, M. & SPREITER, J.B, Reciprocily relatioﬁs in
aerodynamics. N.A.C. A, TN, 2700,

Pi12662 TRIBUS, M. & KLEIN, J. ¥orced convection through a laminar
boundary layer over an arbitrary surface with an arbitrary
temperature variation. Jnl.Aero.Scse., 1855, pp 62-64,

P12895 PATERSON, J.H. FRecent developments in the hydrodynamic design
of flying boats. Jnl. Roy. Aere. Soc. 1855, pp 349-3585.

P12695 WILLIAMS, K.J. & ENTWISTLE, K.M. The damping of quench-
ageing duralumin vibrating at about 1 cycle per second.
Jdnl, Inst. Metals, 1859, pp 141-145.

P1270¢6 EVVARD, J.C. & MARCUS, L. Achievement of continuous wall
curvature in design of two-dimensional symmetrical supersonic
nozzles. MN.A.C.A, TN, 2618.

P13712 BUDIANSEKI, B. & KRUSZEWSKIL, E.T. Transverse vibrations of
hollow thin-walled cylindrical beams, N.A.C.A. TN. 2682.

P12740 OTTO, E.W. Design and performance of throttle type fuel controls
for engine dynamic studies. N.A.C,A., THN. 3445,

P12767 DAVIES, F.T. A possible method of impedance testing aircrafi
power conirol units. Jal. Roy. Aero. Soc. 1855, pp 432-434,

P12776 DUTTA, B.C. & others. A contribution to the study of flame stabllity
in ducts. 6th Symposium on Combustion 1956, pp 481-486.

P12810 BRUNK, W.E. Approximate method for calculation of laminar
boundary layer with heat transfer on a cone at large angle of
attack in supersonic flow. N,A.C.A, TN.4380,

12838 THOMAS,H.H.B. M. & MANGLER,K.W. All moving wing tip controls
at subsonic and supersonic speeds., A.R.C. BR. & M, 3086,

P12860 LIGHTHILL, M.J. Oscillating aerofcils at high Mach number.
Jnl. Aerc.Scs., 1953, pp 402-406.

P12864 GIBSON, R. Some principles of missile guidance. Aero.Eng. Rev.
May 1956, pp 70-75,

©P12895 REINEMANN, G.N. & MARSH, L.¥. Mechanical properties of
A 358 aluminium casting alloy. Metal Progress, July 1859, p.60.

P12839 SANDVEN, 0.A. Cermets as potential materials for high temperature
service. AGARD Report 99.

P12944 RUNCKEL,J.P. & STEINBERG, 5. Effectcs of leading-edge slats on
the aerodynamic characteristics of a 45~ sweep-back wing fuselage
configuration at Mach numbers of 0.4 to 1.03. N,A.C.A. BM L53F23.



P12956

P12859

P1297¢

P13058

P13066

P13069

P13074

P13080

P13102

Pi3iis

P13142

P13171

P1317%

P1320%

P13212

P13259

P13267

P13268
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BARRETT, A.J. Beam strength and curvature under combined
tension and bending in the plastic range. Jnl.Aero.Scs.1955, pp 71=72,

EHLERS, F.E. On some solutions of the hodegraph equation which

yield transonic flows through a Laval nozzle. Jdnl. Aero. Ses,
1955, pp 107-123.

PHELPS,E.H. Stress corrosion in metals. Product Engng.
Aug.4, 1958, pp 56-58.

LOENING,G. The economies of large aircraft. Aero.Eng. Rev.
April, 1858, pp 48-55.

GRAHAM, E.W. & others. The drag of non-planar thickness
distributions in supersonic flow. Aero. Quarterly, 1855, pp 88-113.

SIN-I-CHENG, & ELLIOTT, D. The unsieady laminar boundary
layer on a flat plate. Heat Trans. & Fluid Mech. Inst, 1856, pp 221-238.

HARPUR,N.F. Fail-safe structural design. Jnl. Roy.Aero.Soc.
1958, pp 363-376.
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APPENDI¥ 4C

POSTINGS AND RESULTS FOR DOCUMENTS P12001 - P14000

{Average postings per document =UDC 3.9; Alpha. 2.7; Facet 5.9; Uniterm 9.38)

Document U.n.C. ALPHA, FACET UNITERM
Number Result Total Result Total Result Elements Result Total
12002 s 2 f 1 8 4 8 11
12004 8 12 8 10 S 12 8 15
12055 8 2 f 4 £ 11 8 11
12063 8 8 g 4 s 13 8 i1
12098 8 2 i 4 £ 3 8 7
12120 8 18 ] 9 ] 3 8 12
12125 ¥ 4 8 3 8 8 8 12
12136 s 5 £ 2 <] 6 8 ‘15
12179 f 4 8 4 f 4 8 12
12187 f 6 £ 3 f 8 i 10
12221 8 8 8 4 s io s 11
12243 8 2 s 3 g 8 8 i
12257 8 3 8 3 8 4 s 14
- 12282 8 8 g 2 8 11 8 18
12300 8 1 8 i 8 1 8 6
12309 8 16 8 8 8 K 8 22
12311 f 3 8 3 8 3 £ 19
12313 ] 6 8 4 <] 4 g 15
12355 8 5 8 3 8 11 8 17
12362 s 2 f 4 8 N 8 20
12408 f 4 8 4 8 i1 8 11
12414 8 8 8 9 8 i5 8 i0
12439 8 2 8 2 8 7 8 13
12456 8 12 f 6 £ 14 8 11
12475 8 2 8 2 8 5 8 K
12504 8 4 8 2 8 7 s 5
12514 8 a 8 5 8 11 8 11
12538 { 8 £ 4 i 11 8 i1
12576 £ 1 8 2 2} 2 8 8
12587 8 1 <] 7 8 9 8 i1
12611 =} 6 £ 2 8 5 f 7
12615 £ 2 8 5 f 2 8 7
12662 8 4 £ 1 i 4 £ 8
12675 <] 4 8 3 8 6 s 9
12695 f 4 8 2 8 5 8 11
12706 £ 1 2} 1 8 3 ) 8
12712 8 2 £ 3 il 5 8 12
12740 { 1 8 3 £ 5 8 8
12767 8 1 8 1 8 3 - 8 7
12776 { 3 2} 6 f 8 g 11
12810 8 4 8 3 s 7 s 14
12838 8 2 i 4 8 9 8 i0
12860 <] 4 8 2 ] 10 B i1
12864 8 4 8 2 8 2 5] 10
12895 8 6 8 5 g8 8 8 i1
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Document U.n.C. ALPHA, FACET UNITERM

Number Result Total Result Total Result Elements Result Total
12939 s 2 8 2 s 3 8 12
12944 f 8 £ 3 f g 8 i8
12956 f 4 s 3 8 5 8 g
12859 b4 2 £ 3 £ 6 £ 7
12879 8 2 8 4 s 4 8 5
13058 £ 2 f 2 f 8 £ 7
13066 f 3 £ Z £ 8 8 i3
13069 s 2 8 2 £ 5 £ 7
13082 8 8 s 5 8 5 8 8
13080 8 3 8 8 s 8 f 8
13102 g 8 f 3 8 4 £ 8
13113 8 4 g 2 £ 3 8 13
13142 £ 8 8 4 £ 19 8 17
13171 f 2 £ 2 8 4 £ 5]
13177 T i £ 2 4 8 8 11
13267 8 8 8 2 £ 8 8 i1
13212 8 .8 <] 3 8 5 8 12
13259 8 4 8 2 ] 3 8 ]
13267 8 2 8 1 8 é £ 7
13269 8 2 8 i 8 2 £ 5]
13304 g 4 8 4 8 12 8 12
13307 s 2 s 2 f 5 8 B
13334 8 (43 ] 2 8 5 s 10
13362 8 8 ] 4 £ 5 8 io
132387 8 i ] 2 -] 2 g 10
13403 8 3 8 1 8 7 i 8
13408 8 12 . 8 4 £ 4 8 i3
13451 8 4 ] 3 s 4 8 8
13481 8 3 8 3 £ i a8 10
13470 £ 3 8 2 8 i 8 5
13506 8 6 8 3 8 10 ] i4
13500 8 4 & i 8 9 -] 7
13523 8 2 8 i f 6 s B
13583 £ 2 8 2 B8 2 8 i2
13578 £ 2 B 2 £ 5 8 10
13804 t i2 8 4 8 14 8 10
13608 8 4 8 2 8 4 8 10
13616 8 2 8 2* 8 3 s 8
13654 8 3 8 2 8 3 8
13653 8 2 4 2 4 3 s 8
13705 8 4 8 3] 8 g 8 10
13718 8 12 8 3 8 9 il
13750 8 2 8 2 f 2 8 ki
13781 8 2 -] 2 8 4 8 ]
13789 { 3 8 2 8 7 - 8
13807 - £ 2 f 2 f 3 8 g
13841 ] 4 8 3 8 7 ] 7
13858 B 2 f 2 f 6 8 8
13888 -] i 8 i s 3 -] 8
13900 8 2 8 2 f 2 8 5
13203 g 2 f 2 £ 4 f i0
13908 f 2 f 2 £ 5 8 9
13831 8 6 f 3 8 8 8 11
13985 8 1 8 2 s 4 <] 13
13993 f 2 8 2 8 1 8 i1

successful search
failure

nou

L lRe]



Term

001.1
001.5
001.6
002.2
002.3
003.12
004,15
004.4
004. 63
512.1
5186. 1
517.9
517.93
517.944
518
518.12
518.5
523.51
53.089.6
530.152.15
530.17
531.113
531.15
531.22
531.222
531,223
531.224
531.224.4
531,225
531.226
531.394
531,52
532.11
532.5:538
532.5. 031
532.513
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APPENDIX 4D

CORRELATION OF TERMS USED IN 300 SEARCHES
_FOR INDEXING AND SEARCHING

Part 1. Universal Decimal Clagsification
Part 2. Alphabetical

Part 3. Facet

Pari 4. Uniterm

e ]

PART 1. UNIVERSAL DECIMAL CLASSIFICATION

Number of terms uged in

Searching

Indexing

Design

Experiments

Development

Production

Materials

Cost estimates
Performance

Protection

Failure

Formulae {Algebra)

Plane geometry
Differential equations
Non-linear differential equations
Partial differential equations
Calculation

Numerical calculation
Computers

Meteorites

Calibration

Hysteresis

Analogies

Acceleration

Rotation

Stress analysis

Tensile stresses
Compression stresses
Bending stresses

Axial compression stresses
Torsional stresses
Shearing stresses
Transformation. Dynamics
Falling bodies

Pressure
Magnetohydrodynamics
Inviscid flow

Pressure recovery
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Term

532.517.2
532.517.4
532,525
§532.525.2
53%, 5286
532.528.2
532.526.3
6532.526.4
532.826.5
532.526.7
832. 527
532.528
632.529.3
532.529.6
832, 53
532. 54
532,542
532.542.2
532.582.24
532.72
533.1
6533.12
533.18
533,21
533.275
833.5
£533.6-24
533.6.011

533.6.011:533.696.4

533.6.011.12
533.6.011.35
§33.6.011.5
533.6.011.55
533.011.8
533.6.011.72
§33.6.011.8
533.6.013.1
533.6.013.12

533.6,013,12(083.7)

533.6.013.122
533.6.013.125

533.6.013.128,

533.6.013.127
533.6.013.129
533.6.013.13
§33.6.013.15
533.6,013.16
533.6.013.18
533.6.013.4
533.6.013.412
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Liaminar flow
Turbulent {low

dets. Hydrodynamics
Jets

Boundary layer
Laminar boundary layer
Transition. (B.L.)
Turbulent boundary layer
Separation {(B. L.}

Skin friction {B.1L.)
Vortices

Mixed flow

Jet mixing

Spray. {Gas liquid mixtures)
Channels

Pipes

Annular flow

Laminar flow. Pipes
Rectangular plates
Diffusion

Properties. Gases
Density. Gases
Diffusion
Compressibility, Gases
Humidity

Rarefaction

Two dimensional flow
Shear flow

Conical flow

Scale effect

Transonic flow
Supersonic flow
Hypersonic flow
Aerodynamic heating
Shock waves

Rarefied gases. (Flow)
Forces and moments
Drag

Nomenclature. Drag
Area rule

Pressure drag

Profile drag

Surface friction

Wave drag

Lift

Pitching moments
Rolling moments -
Hinge moments
Stability

Longitudinal stability

Number of terms used in

Indexing
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Term Number of terms used in
Indexing Searching

533.6.013.413" Lateral stability 1 1
533.6.,013.42 Aeroelasticity 2 4
533.6.013.432 © Flutter 5 8
533.6.013.423 Balances - i
533.86.013.65 Manoceuvring 1 1
533,6.013.68 Stalling 1 3
533.6,015.1 Take ~off i -
533.6.015 Performance - i
533.6.015.2 Landing, 1 1
533.6.015,32 Velocity - !
533,.6.015.5 High altitude performance b 3
533.6.015.74 Range 1 -
533.6.015.8 Standard atmosphere i -
533.6.05 Flight testing - 2
533.6.053 Flight testing, full scale 1 3
533,6.087 Wing flow method 1 -
533.6.071 Wind tunnels 8 4
533.6.071.12 Vanes 1 i
533.6.071.18 Nozzles. Wind tunnels - 2
533.6.071.2 Power plants {Wind tunnels) 2 -
533.8.07%1.3 Instrumentation. Wind tunnel

' apparatus - i
533.6.071.31 Visualisation methods - i
533.6.071.32 Stings 1 i
533.6.071.33 Models, {Wind tunnel apparatus) 1 2
533.6.071.42 Turbulent flow - 3
533.6.071.43 Calibration 1 i
533.6. 071.46 Gases. {Flow problems) 1 -
533.6.071.54 Humidity - 1
533.6.071.55 Proessure recovery - i
553.6.073 Shock tubes
§33.6.073.2 Shock tube driver gases - 1
533.6.078 Potential flow tanks 2 1
533.6.082.3 Pressure tubes 3 4
533.6.082.7 Hot wire anemometers 2 i
533,85 Aeroplanes. (Aerodynamics) 3 -
533.652 Landplanes - i
533.652.6 Vertical take-off landing aircraft 2 3
533,.652.9 Canards - 1
533.655.2 Flosat seaplanes 1 -
533.655.3 Flying boats 1 1
533,66 Helicopters i 4
533.562.2 Propellers 2 3
533.662. 24 Shrouded propellers i 1
533.662.6 Rotors 3 -
533.662.63 Tip-driven rotors - 1
533.662.7 Wind turbines - i
533. 665 Missiles 4 2
533,690,031 Aspect ratie 4 3
533.69.032 Camber 3 i

s



Term

533.69.034
533.69.0386
533.69.037
533.69,048
533,.68. 038,
533.69.048.
533.69.048.
6533.69. 048,
533.69,048.
533.69.048.
533.69.048.
533.69.048.
533.602
533.692.4
533.692.5
533.693
533.693.1
533.693. 31
533.693. 34
533.693.35
633.683.5
533.693.6
533.693.02
£533.604.2
533.604.22
533.694, 25
533.694. 26
533,694, 27
533.694.5
533.694. 51
533.694,.511
533.694.512
533.694.53
533.694.531
533.694.533
533,694, 58
533.694.6
533.694, 71
533,694.72
533.695
533.695.12
533.695.124
533.695. 29
533.695.5
633.695.7
533.695.8
533.695.9
533.696
533.696.2
533.696.3

=G W
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Thickness distribution
Surface roughness
Thickness ratio
Airflow variables
Aercdynamic loading
Pressure distribution
Centre of pressure
Wakes

Velocity distribution
Gust loads

Angle of attack
Aerodynamic centire
Aeraofoil sections

Flat plate aercfoil sections

Wedge aerofoil sections
Wings

Sweptback wings

Delta wings

Arrowhead wings
Triangular wings
Elliptical wings
Rectangular wings
Cruciform wings

High 1ift devices

Slotied flaps

Leading edge flaps
Slats

Slots. High lift devices
Control response
Liateral control

Aileron reversal
Mowving wing tip ailerons
Longitudinal control
Tailplanes, fixed.
Elevators

Spring tabs

Jet flaps

Boundary layer suction
Blowing

Interference

Wing body combinations

Tail-wing-body combinations
Canopy -fuselage combinations

Propeller slipstream
Jets

Cuscades

Aircraft canopies
Bodies

Spheres

Cylinders

Number of terms used in

Indexing Searching
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Term

533.696.4
533.686.5
533.696.8
533.697.2
533.697.2
533.697.2
533.697.3
533.687.4
533.697.5
534
534.014.2
534,11
634,13

B 0

534.14
534. 2
534.21
534,321
534,372
534, 832
534. 833
534,538
535,42
536. 2
536. 2. 02
536.2.08
538, 21
536. 24
536. 25
536,253
536. 33
536. 422
536.422. 1
536,423, 1
536.45
536. 46
536, 461
536.495
536.5
536.532
536.6
536,722
537
537.122
537.533.73
539
539,155, 3
539,16
539.214
539.217.1

Number of terms used in

Cone~-cylinders 9
Blunt bodies 1
Wedges 2
Intakes 2
Nose intakes -
Side intakes 3
Ducts 7
Nozzles 8
QOutlets i
Vibrations -

Forced oscillations

Vibration of linear bodies

Vibration of three dimensional
bodies

Methods of exciting vibrations

Propagation of vibrations

Noise

Frequency

Damping of mechanical vibrations

Noise, prevention at source

Absorption. {Noize)

Measurement. {Noise)

Diffraction

Heat transfer

Conductivity

Measurement of conductivity

Thermal insulation

Conduction. Heat exchange

Convection

Gases. {(Convectien)

Thermal emissivity

Ablation

Transformation from solid to ges

Liguid -gas vapourisation

High temperature
.Combustion

Flames

Heat resistance
Temperature
Thermocouples
Colours
Enthalpy
Electricity
Electrons
Diffraction
Molecular physics
isotopes
Radioactivity
Plasticity
Porosity
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Term

539.3
539,318
539.37
539.374
836, 375
539. 377
539, 382
533.384
539.384.4
539.389.3
530.4
539.4,014.13
539.41
539.413
539.42
539.431
539.434
339. 538
838,557
536. 89
541.124.7
641.4
541.42
546,11
546,171.1
546. 21
546. 27
546. 291
546.3
546.33-36
546,3081.75
547.213
847,215
547.56
5647.901
551. 55

611
620.1.05
614.86
620.162. 4
620,17
620.171.5
620.172
620.172.21
620.172.251.224
620.173
620.173.251. 224

620.173. 26
620.176
620.178.3
620.178.311.81
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Number of terms used in

Indexing

Elasti ¢ solid bodies

Residual stresses

Deformation

Plastic deformation

Limit of deformation

Thermoelasticity. Deformations

Stress/strain

Bznding

Buckling

Relaxation

Resistance to stress

Residual stresses

Rigidity

Bending strength

Tensile strength

Fatigue strength

Creep strength

Wear

Plexibility

High pressure, effects of

Dissociation {Physical chemistry)

Chemical combination

Decomposition

Hydrogen

Ammonia

Oxygen

Boron .

Helium

Metals

Sodium hydroxide

Ammonium nitrates

Propane

Pentanes

Phenols

Hydrocarbons

Winds

Human body dimensions

Testing machines

Pussenger safety

Pressure tests

Strength tests

Photoelasticity

Tensile tests

Load measurement

Tensile strength when hot

Compression tests

High temperature compression
tests

Buckling tests

Shearing tests

Fatigue testing machines

Notches
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Term WNumber of terms used in
Indexing Searching
620.181.33 Cracks. Surface defects 1
620.182.46 Cracks - 1
620.192.52 Shrinkage - 1
620.192.63:539. 56 Brittleness 1 -
620.193,41 Corrosion by inorganic acids 1 i
520,185.584 Oxidation tests - i
620.168.5 Influence of impurities - 1
521 -181 Size 1 -
621-186.8 Bigh pressure 1 -
521-229.3 Jigs - 1
621-272 Springs i 2
621-273.2 Helical springs 1 i
621403 Curved shapes i 1
621-403,7 Spiked 1 3
621-412 Slabg 1 -
621413 Plates 2 i
621 -414 Thin plates i3 25
6523 -415-47 Perforated plates i 3
621-419 Sandwich plaies i 3
621-422 Bars i 2
621-422.4 Wedge~shaped sections i 1
521 -423 Cruciform sections i -
621 -423-7 Angle bars - 1
1-426 Wires i -
Wire screens i -
621-431 Tapered shapes i -
621-434.5 Cones -
682145 Slots 1 -
621-451 MNotches i -
621486 Cavities 2 2
621 -46-434.1 Conical shells 2 3
6§21 -464 Tubular shapes 1 2
621 -464 Hollow spheres 1 i
621 -47 Perforated objects 1 1
821472 Holes i 1
621 -477 Arnnular shapes - 1
621-491.4 Capsules 1 1
621-485.5 Flexible (Material forms) 1 2
821-52 Automatic control 1 1
621-523 Flectric servomechanisms i 1
821-71 Cooling 2 4
621-711 Fins 2 1
821713 Air cooling - 2
821-713.1 Water cooling i -
621-72 Lubrication - 1
621 -733 Air cleaners 1 -
621 -752.2 Vibration dampers 1 1
621-784.7 Shielding 1 1
621.038 Atomic reactors 3 2
621.3 FElectrical engineering - 1



Term

621.3.011.2
621.3.04
621.301

621.314.6
621.314.635
621.314.7
621.315.59
621.316.1
621.317.733

821.352.7
621.38
£521.385.2
621.396.618.11
621.396.619.13
621.396.933
621.396.933.25
621.43.018.35
621.43.019.2
621.43.032
621.43.033.15
621.43.038.8
621.43.056
621.43.064.5
621.43.065
621.432
621.438
621.438-3
621.438-75
621.438.013.93
621.438.018.5
621.438.019.2

621.438.019.93
621.438.031.3
621,438.031.3.018.5

621.438.035.37
621.438.038
621.438.056.5

621,438.057.3
621.438.057.54
621.438.086.4
621.438.1.068
621.438.067.3-225.3
621.438.067.6
621.438.084
621.438.085.5

- 150 -

Conductance
Electric circuits
Electrical engineering.
Definitions, notation
Rectifiers
Silicon rectifiers
Transistors
Semi-~conductors
Networks
Bridges. Electrical measuring
apparatus
Dry cells
Electronics
Diodes
Amplitude modulation
Frequency modulation
Tacan. {Navigation systems)
Guide beams
Fuel consumption
Combustion problems
Fuel systems
Throtiles
Fuel injectors
Combustion chambers
Tail pipes
Noise suppressors
Piston engines
Gas turbines
Control. Gas turbines
Gas turbines
Jet efflux
Performance. Gas turbines
Combustion problems. Gas
turbines
Afterburners
Compressor. (Gas turbines)
Performance. Compressors.
Gas turbines
Diffusers, Intakes
Fuel injection
Combustion chambers. (Gas
turbines)
Water injection systems
Starting. Gas turbines
Ducted fan engines
Noise suppressors
Variable propelling nozzles
Thrust reversers
Jet engines
Free turbine engines

Number of terms used in

Indexing
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Term Number of terms used in
Indexing Searching

$21.438.086.2 Turbine -propeller engines i 2
621.438.086.4 Ducted fan engines - 1
621.438.1-253.5 Turbine blades 2 1
621.439.2 Pulse jet engines - 1
621.439.4 Ram jets 2 2
621.45 Rocket engines 7 3
621.45.013.3 Vapourisation. Rocket engines - i
€21.45.018.5 Performance. Rocket engines - 1
621.45.019.2 Combustion problems 2 -
621.45.032 Fuel systems 1 -
621.45.038 Distributors 1 -
621.45.058 Combustion chambers 1 3
821.45,057.54 Starting 1 -
621.56/.58 Refrigeration 1 -
621.65 Pumps - 1
621.66 Rotary pumps - i
621.75 Toolmaking - 1
621.751 BEtching. Marking 1 -
621.757 Agsembly 1 -
621.762.6 Sintering 1 -
6821.784 Baths for hardening 1 -
621,785.8 Guenching - 1
621.791.3 Soldering - 1
621,792 Redux bonding - 1
621.835 Cams - 1
621,882 Bolis 1 1
621.882.082 ) Screw threads 1 -
621.9 Cutting tocls 2 1
621.9.018.3 Eleciric discharge machining 1 2
622.556.6 Air-to-air firing - 1
623.13.012,1 Skins - 1
623.4.027 Missile guidance 1 1
623.4.084 Misgsile guidance systems 3 3
623.418.4 . QGuns, aircraft 1 -
623.451-519 Guided missiles 3 2
623. 54 Trajectories. (Ballistics) 2 3
623.746.3 Fighters : 1 1
624,042 L.oad calculation i i
624,046 Permissible loads 1 -
624.072.2 Beams 5 4
624.075.2 Struts - 3
624,078 Joints 3 2
624.078.2 Bolted joints 1 -
624.078.8 Stiffeners 1 -
629.11,012.49 Air cushions i -
629.13 Ajrcraft 3 4
629.13-71 Heat exchange 1 -
629.13.012 Structural parts (aircraft) 9 6
629.13.012.126 Ducts. Engine compartment

s

covering -



Term

$26.13.012.134
G26,13.012.134.
629.15,012.5825
£$29.13.012.58
620.13.014.3
629.13.014.311.5
629.13.014.315.6
628.13.014.5
629,13.014.5-8
829.13,014.58
629.13.014.71~-253,65
628.13.014.715
629,135,015
£829.13.015.14
§28.13.03
$29,13.035.4
$628.13.035.5
628.13,035.53
629.13.038
828.13.05
629.13.053.33

B

£28.13.0585.7
626.13.061.4
628.13.0867
629,13.071.55
629.13.072.2
629.13.079
629.135.27
6829.135.45
625,135.52
629.136.3
629.138.035.5
620.138.4
629.138.5
629.138.744
T 620.19
£58.54
658.542.1/.3
661.85

862.3

662,35
662,69

662.7

662.75
862,76

862.8

666, 3:669
669

660-135

H
aers
&
B

H

Number of terms used in

Windscreens 1
Hoods -
Fuel tanks 1
Pressurised cabing 3
Wings 2
Delta wings 1
Integral constructions -
¥lying controls -
Powered flying controls 1
Automatic pilois -
Hotor blades 1
Tip~driven rotors -
L.anding gear i
Shock sbsorbers -
Propulsgion 1
Rocket propulsion 1
Jet aircrafi 1
Ram jet propulsion 1
Propellers i
Aircraft instruments -

Compass controlled directional
gyroscopes

Fuel consumption meters

Oxygen systems

Alr conditioning sysiems

Cargo weight

High speed aircraft

Short take-off and landing aircraft

Piictless aircraft

Helicopters

Flying boats

Misgsiles

Jet propelled transport aircraft

Cargo aircraft

Passenger alrcraft

Prototype aircraft

Astronautics

Work study

Motion study

Boron

Solid propellants

Cordite

Natural gases

Chemically produced fuels

Liquid propellants

Gaseous fuels

Solid fuels

Cermeis

Metallurgy

Extrusions
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Term

669~

668,
669,
669,
889,
569,
668.
669,
669.
668.
669,
669.
669.
669.
668.
569,
669.
668.
669.
669.
669,
669.
§889,
669,
677.
878.
678.
678.
674,

14

.. 8893
018.45

13

14
14,018.45
14.018.8
15,24.26-194
246

285

285

295.5
295.5.779
286

55
715-135
715.3

784

71

715
718.568
721.5
721.5,286-14
78

52

632
T44.335
842

5

- 153 =

Number of terms used in

Indexing

Castings

Ceramic coatings on metals
High temperature alloys
Iron

Steel

Heat resistant steel
Corrosion resgistant steel
Stainless sieel

Nickel alloys

Molybdenum alloys
Titanium

Titanivm alloys
Titanium-phosphorous alloys
Zirconium

Zinc alloys

Extruded aluminium alloys
Aluminium-copper alloys
Titanium-~carbon alloys
Aluminium

Aluminium alloys
Aluminium cladding
Magnesium alloys

Cast magnesium-zirconium alloys
Phosphorous

Glass fibres

Phenolic resins

Plexiglas

Silicones

Plastics
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PART 2. ALPHABETICAL (MAIN HEADINGS)

No. of times used in
Indexing Searching

Term No.of times used in Term
Indexing Searching

Ablation - 2 Beams 4 -
Aerofoils 9 1 Besams, Box 8 1
Agvofoils, Clreular Beams, Curved - i
Avce 1 - Beams, Cylindrical - 4
Aerofoils, Low drag - 1 Beams, Reciangular,
Aercfoils, Supersonic 4 1 Cross section 2 1
Asrofoils, Transonic - 1 Bends {Internal
Aeroplanes 8 3 herodynamics) T -
Aevoplanes, Fighter 6 - Bibliography 1 -
Aeroplanes, Jet - 2 Blades, Rotor 8 1
Aeroplanes, Pilotless 1 - Blades, Turbine 4 &
Aeroplanes, Sweptback Bodies 2 3
Wing 2 4 Bodies, Bluif i -
Aeroplanes, Transport 2 2 Bodies, Bluff,
Aeroplanes, Transport, Hypersonic 2 i
Jet 4 Bodies, Blunt - 1
Afterburners 1 - Bodieg, Blunt,
Ailerons, Moving Hypersonie 1 -
Wingtip 1 - Bodies, Blunt,
Alr Cleaning 1 - Supersouic 1
Alr Cushions 1 - Bodies, Insulated 2 -
Alrcraft 4 - Bodies of revolution 2
Alrceraft, Vertical Rodies of revolution,
Take off and landing 3 1 Hypersonic 1 -
Aircraft componenis - 1 Bodies, of revolution,
Ajreraft indusiry - 1 Supersonic - 2
Alloys, High temper- Bodies, Slender,
ature & i Suparsonic 2 -
Aluminium alloys 19 15 Bodies, Spiked 1 2
Aluminium alloys Bodies, Spiked,
{Duralumin} 3 3 Hypersonie 2 1
Ammonia 1 - Bolts 4 4
Ammonivm niiraies 1 - Bonding - i
Analogy, Eleciric 1 8 Boundary layer 8 8
Anemometers - 1 Boundary layer,
Anemometers, Hot Hypersonic 1 -
wire 3 2 Boundary layer,
Angle of attack i i Laminar a 3
Area rule 1 i Boundary layer,
Aspect ratio 5 i Laminar, Supersonic 2 1
Balances, Sirain Roundary layer
gauge i - separation 2 1
Bars - i Boundary layer,
Bars, Aluminium Supersonic 2 i
alloys 1 - Boundary layer,
Bars, Curved - i Transition 2 2
Batteries - 1 Boundary layer,
Transition, Supersonic 1 1



Term

No. of times used in

Indexing Searching

Boundary layer,
Turbulent

Boundary layer,
Turbulent, Hyper-
aonic

Roundary layer,
Turbulent,
Supersonic

Boundary layer,

Turbulent, Transonic
Cabins
Cabing, Pressurised
Camber
Cams
Canopies, Cockpit
Cageades
Cermeis
Channels {Hydro-
dynamiecs)

Channels, Curved
Circuits, Wheatstone
bridge
Coatings, Ceramile
Coztings, Enamel
Combinations, Wing-
Aileron
Combinations, Wing-
Fuselage
Combinations, Wing-
Fuselage, Supersonic
Combinations, Wing-
Fuselage, Transonic
Combustion
Combustion chambers.
Combustion chambers,
Gas turbine
Compressors, Axial
Cone~Cylinders
Cone-Cylinders,
Elliptic, Supersonic
Cone~-Cylinders,
Supersonic
Cones
Cones, Hypersonic
Cones, Supersonic
Cones, Yawed
Controls
Control, Longitudinal
Controls, Power
Operated
Cooling
Coocling, Ablation
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Term

No.of times used in
Indexing Searching

Cordite

Corners

Correction

Corrosion, Stress

Corrosion tests

Costing

Cowlings

Cracking tests

Cracks

Crystals

Cylinders

Cylinders, Circular

Cylinders, Circular
Cross section

Cylinders, Concentri

Cylinders, Hypersonic

Cylinders, Stiffened

Cylinders, Supersonic

Dampers

Data processing
Data reduction
Detectors, Radio
Diffraction
Diffusers

Diffusers, Supersonic

Diodes

Discriminators

Dissociation

Drag

Economics

Enamelling

Engines

Engines, Gas turbine

Engines, Ramjet

Engines, Rocket

Engines, Turbine
propeller

Etching

Fxhauster

Expansions {Internal
Aerodynamics)

Extrusions, Magnesium

Fatigue tests

Feedback

Fibreglass

Filters {Machine
Components)

Fineness ratio

Fins, Cooling

Flames

Flaps

Flaps, Jet
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No.of times used in
Indexing Searching

Term No. of times used in Term
Indexing Searching

Flaps, Slotted - 1 Guidance systems 2 -
Flaps, Slotted, Guns, Aircraft i 2
Double ~ i Gusts - i
Flaw detection 1 - Heating, Aerodynamic 2 2
Flow, Compressible - 1 Heat transfer 1 4
Flow, Conical 1 1 Helicopters 2 1
Flow, Conical, Helium - i
Supersonic - 1 Heptane 1 1
Flow, Hypersonic 1 Holes 1 2
Flow, laminar - Hulls . - 4
Flow, Mixed, Human engineering - 1
Supersonic 2 - Hydrogen - 2
Flow, Parallel, Impurities i -
Supersonic Inducers, Axial flow - i
Flow, Rotating Intakes 2 i
Flow, Rotating, Intakes, Annular - 1
Supersgonic i 1 Intakes, Centrebody - 3
Flow, Reversge 1 - Intakes, Side - 3
Flow, Reverse, Intakes, Supersonic 3 1
Supersonic 1 2 Intakes, Transonic i -
Flow, Shear, Iron alloys - 1
Supersonic i - Jet deflections - i
Flow, Subscnic 2 - Jet mixing 3 -
Flow, Supersonlc 2 5 Jet noise 2 -
Flow, Turbulent 3 2 Jets 2 2
Flow, Vortex - i Jigs 1 -
Flow in pipes 4 1 Joints - 2
Flow in pipes, Joints, Lap, Aluminium
Supersonic 2 - alloy 2
Flow problems i - Joints, Riveted,
Fluids, Viscous 1 Alyminium alloy 1 -
Flutter 4 - Joints, Riveted, Butt 1 -
Forces, Centrifugal 1 - Joints, Riveted, Lap 1 -
PFlying 1 - Leading edges 2 -
Formulae 2 2 Lift coefficient - i
Fretting - i Loads, Gust - 1
Fuel injectors - 2 Machine tools - 2
Fuel systems 2 2 Magnesium - i
Fuels - 1 Magnesiom alloys 5 2
Fuels, Gaseous 2 - Magnetohydrodynamics 2 4
Fuels, Liguid 3 - Materials, Radioactive - 1
Functions 2 - Measurement - 1
Fuselage, Supersonic 2 - Metals 5
Gases 3 Meteors i
(Gases, Natural - Milling, Chemical - i
Generators 2 - Missiles 3
Geometry 1 - Missiles, Ballistic 3 =
Gliders 1 - Missiles, Guided 11 1
Grooves 2 - Missiles {(Bloodhound} 2 p/
Guidance 2 - Mixtures, Fuel - 1
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Term No.of times used in Term No. of times used in
Indexing Searching Indexing Searching
Mixtures, Gas - 2 Probes i -
Models 1 2 Propane 3 -
Models. Struciural - i Propellants - 2
Modulation frequency 1 4 Propellants, Liguid 3 -
Molybdenum - 1 Propellants, Solid 1 i
Moments, Piteching - 2 Propellers i 2
Navigation 1 - Propellers, Shrouded 1 -
Networks, Electric 2 1 Propellers, Supersonic 1 1
Nickel alloys 1 - Propulsion, Nuclear 1 -
Noise, Aerecdynamic i - Propulsion, Turbine~
Nose shapes - 1 propeller - )
Noses - 3 Pull-out 1 i
Hozzles 3 2 Radiocactivity i 1
Wozzles, Supersonic 3 - Refrigeration 2 i
Nozzles, Transonic 2 - Reynolds number 1 1
Optical instruments - 1. Rockets 1 4
Oscillation 1 i Rockets, Nuclear
Oxygen 1 p propellant - i
Panels - 3 Roughness effect
Panels, Sandwich {Aerodynamics) i 1
construction - 1 Rubber, Silicon - 2
Pentaborane i 2 Screw threads 1 -
Perspex - i Servomechanisms - 4
Phosphorous 1 2 Servomechanisms,
Pliots, Automatic i - Electric - 2
Pitot tubes - 1 Sheets, Aluminium
Plasties 1 2 alloy ] 7
Plates 1 4 Shells 2 i
Plates, Clrcular 4 3 Bhells, Conical 1 1
Plates, Clamped 1 - Shells, Spherical 3 -
Plates, Curved 1 - Shock absorbers - i
Plates, Flat 5 Shock tubes 3 i
Plates, Flai, Shock tubes, Hypersonic 1l i
Supersonic 2 - Shock waves i 5
Plates, Parallel - i Shock waves, Detached,
Plates, Perforated 1 1 Hypersonic 2 -
Plates, Rectangular 1 1 Shock waves, Oblique,
Plales, Reciangular, Supersonic i -
Stiffened 3 Shock waves,
Plates, Stainless Hypersonic 2 -
steel 2 - Shock waves, Supersonic 2 3
Plates, Stiffened - i Bintering - 2
Plates, Supersonic 2 - Skins, Supersonic 2 -
Plates, Supported 8 1 Skin friction - i
Plates, Supported, Slabs 2 -
Supersonic 2 - Slats, Lieading edge 1 -
Plates, Tapered 2 i Springs 2 i
Potential flow tanks 1 ~ Springs, Helical 1 i
Pressure losses i - Stabilisers 2 1
Pressure distribution 1 - Stability 1 -



Term

No. of times used in
Indexing Searching

Stability, Longitudinal

Stalling

Static pressure tubes

Steel

Steel, Stainless

Steel enamelling

Steps

Strain gauges

Stresses

Structures

Structures, Aircraft

Supports

Surfaces

Surfaces, Curved

Surfaces, Insulated

Tabsg, Servo

Tailplanes

Temperaiure
measuring instru-
ments

Thermoelectricity

Thermometers

Throtitles

Thrust reversers

Tiianiuvm

Titanium alloys

Titanium carbide

Trajectories

Transformation

Transistors

Tubes

Tubeg, Rectangular
Section

Tubes, Cylindrical

Turbulence

Undercarriages

YVanes

Vaporisation

Visualisation

Vortex generators

Vortex sheeis

Wakes

Wakes, Laminar

Wakes, Supersonic

Water

Water injection

Wedges

Wind tunrel
eguipment

Wind tunnels

Wind tunnels,
Blowdown

3 B DD e b

PR = - B B B g ob g be b=t g DY g g DD GO 2 DD g b g DR b e e gy

3 B BB

DO b b gt g

g B g e B e e b e DD DO 1 B

H

P G L B o

;NNHH;HW]HHN;

Term

Wind tunnels,
Hypersonic
Wind tunnels,
Intermiitent
Wind tunnels, Inter-
mittent, Supersonic
Wind tunnels,
Supersonic
Wind funnels,
‘Pransonic
Windows
Wing flow tests
Wings
Wings, Arrowhead
Wings, Delia
Wings Delta,
Supersonic
Wings, Low drag
Wings, Oscillating
Wings, Oscillating,
Supersonic
Wings, Rectangular
Wings, Rectangular,
Supersonic
Wings, Slotted
Wings, Sweptback
Wings, Sweptback,
Supersonic
Wings, Sweptback,
Transonic
Work study

No. of times used in
Indexing Searching




Term

Accuracy
Aerodynamics
Aeroelasticity
Aids

Altitude effect
Analysis
Application
Aspect ratio
Bending
Bending strength
Bonding
Buckling
Calculation
Calibration
Camber
Casting

Causes

Centre

Choking
Combustion
Compressibility
Conmipression
Compression tests

Conductivity, Thermal

Construction
Control
Convection
Conversion
Cooling
Cooling, Air
Cooling, Liguid
Corrosion
Corrosion resistance
Cost conirol
Cracking
Creep
Damping
Deceleration
Decomposition
Deflection
Deformation
Design
Development
Diffusion
Dimensions
Displacement
Dissociation
Distribution
Drag
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ALPHABETICAL (SUBHEADINGS)

No. of times used in
Indexing Searching

1 2
3 2
2 -
1 -
- 2
15 2
26 12
- i
2 7
i -
- 1
9 8
62 11
2 2
4 -
4 -
2 -
) -
1 -
8 4
- i
6 1
3 1
i 1
3 1
i3 1
4 -
2 2
8 5
i -
1 2
) 4
2 -
2 -
9 1
- i
16 6
1 -
1 -
1 5
1 1
18 8
3 1
3 -
1 -
- 2
- i
- 1
14 13

Term

Drag, Skin friction
Drag, Wave
Ductility
Economics
Effectiveness
Efficiency

Elastic limit
Elasticity
Embrittlement
Erosion

Etching

Expansion

Failure

Fatigue

Fatigue strength
Fatigue testing
Fatigue tesis
Flight tests

Flow

Flow distribution
Flutter

Forces and moments
Forming :
Guidance

Gunfire tests

Heat transfer
Heating

Heating, Aerodynamic

Hinge

Humidity

Impact

Impedance
Impurities
Installation
Interference

Lift

Lift-drag ratio
L.oading

Lioads

Loads, Aerodynamic
Loads, Compressive
Loads, Gust
Machining
Materials
Measurement
Modifications
Moments
Moments, Pitching
Moulding

No. of times used in
Indexing Searching
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Term

Movements

Noise

Operating analysis
Operation
Oxidation
Performance
Photoelastic tests
Pitching
Plasticity
Porosity

Pogition
Pressure
Pressure, Base

Pressure distribution 1

Pressure gradient
Pressure losses
Pressure recovery
Pressure tests
Pressurisation
Prevention
Production
Propagation
Properties
Propulsion
Pressure drop
Range
Recombination
Reduction
Resistance
Resonance
Rolling
Separation

Shape

Shearing
Shielding
Sintering

Size

Soldering
Solution

Stability
Stability, Lateral

Stability, Longitudinal

Stalling

Starting

Stiffness

Strength

Stress analysis
Stress distribution
Stresses

Stresses, Buckling

- 160 -

No. of times used in
Indexing Searching

6 1
i1 8
1 -
3 1
- 1
5 i3
g -
5 -
- i
3 1
i -
2 1
1 2
9 7
4 1
3 -
2 -
4 -
i -
1 -
3 -
2 1
9 4
5 1
1 -
- 1
- 1
2 -
3 -
- 1
3 -
4 2
1 1
3 3
1 -
2 -
- 1
2 -
3 -
10 6
2 5
2 -
1 1
1 2
1 -
14 9
4 -
3 1
3 12
1 -

Term

No. of times used in
Indexing Searching

Stresses, Thermal
Suppression
Temperature
Temperature
distribution
Temperature effect
Tension
Tension strength
Tension tests
Testing
Tests
Thermal
Thickness
Thickness distribution
Thrust
Torsion
Trajectories
Transition
Turbulence
Vaporisation
Velocity
Velocity gradient
Velocity distribution
Vibration
Visualisation
Wakes
Water injection
Weight
Wind tunnel tests
Wing flow tests
Yawing
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PART 3. FACET

Term No.of terms vgad In Term No.of terms used in
Indexing Searching Indexing Searching
Aviation i - Edb Cabins
8 i - Edd Pressurised
cabing & 2
p - Efd Canopies 1 i
- i Egb Windows i
i - Fk Cowlings i i
ghter operations 3 i Bm Skinsg 1 -~
Astronautics - 1 b Undercarriages 1 -
eoraft 3 i Egd Retraciable
> roplanea 8 4 mechanisms i
Fiying boats 4 1 Faf Shock absorbers -
Piston engive Br Wheels - i
aeroplanes - 1 Evd  Assisted flying
Turbojet agroplanes 3 2 controls - 1
Huclear propelled Ew Servomechanigms - 1
seroplanes - i Ewm Autopilots i i
kb Tailless aeroplanes - 1 BEzn Wind tunnels 2 1
Bmf V.70, seroplanes - 2 Hzpd Intermittent wind
Bo Pilotless aeroplanes - 1 tunnels - i
By i 4 4 REzpf Shock tubes 2 2
Bri2 Ezpz Blowdown wind
heilcoplers 1 tunnels - i
Migsiles 4 3 Fezss Stings 1 i
Ballistic misgiles 3 - BEzv Recording
Guided missiles 4 - eguipment o i
Burface to air Fa tructures 3 2
mizsgiles - i Fib Sheets 3 B
Bap Satellites - i Fie Plates 14 7
< Aireraft structures 8 - Fih Panels 3 2
Ca Combinations 2 2 Ffm  Shells 3 1
Ce Aerofoils 6 3 Fge Stiffeners 1 -
Cd Wings 34 25 Fhb Beams - 1
Cn Tail uniis - 1 Fie Rods 1 3
Ond Tailplanes p: - Fkb Sandwich
Cp Control surfaces 2 - structures 2 2
Col Ailerons 2 - Fkm  Monocogque
g Elevators 1 - structures - i
Oy Flaps 4 - Pm Bodies 8 5
Crf Slotted flaps 1 1 Fnf Wedges 2 -
e Jet flaps - 1 Pp Bodies of
1941 Slots 1 1 revolution 1 2
Caj Servotabs 1 1 Fg Cylinders 8 8
jats Rotors 3 2 Fad Discs i i
De Propellers 2 3 Fr Cones 3 2
] Blades 2 1 Fu Blunt bodies 2 2
Ea Fuselages 4 1 Fv Bluff bodies 3 1
Ed Cockpite - 1 Fw Surfaces 4 -
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Term Mo, of terms used in Term No.of terms used in
Indexing Searchmg ' Inc‘iexing §earchin§
Fx Corners 1 1 Hks Cylinder{machine
Fy Holes 1 1 components) - i
e Engines i “ Hku Combustion
Gb Pigton engines - 1 chambers 2 2
(el 2 plroke engines - 1 Hu Springs - i
Gl (ias turbine Hnb Helical springs 1 -
angines 4 3 Hr Ducts i -
g Jet engines B 8 Hrad Pipes 8 3
Gh Turboprop engines 1 - Hrf Channels 4 2
Gi Dirvect combustion Hrj Nozzles 3 -
angines 1 - Hrm Diffusers 3 2
b Ram jet engines 4 1 Hs lamps, Jigs i X
i Rocket engines 7 4 Hu Joining 2 &
Gib Liguid propellant Hvd Rivets 1 i
rocket engines - 1 Hwe  Bolls i
G33d Solid propellant Hwi Screws 1 -
rocket engines 2 Hez Tools i i
3k Huclear reactors 1 Ibe Front A 1
kb Figgion reactors 3 - b1 Side 2 i
Ghkd Fusion reactors 1 - le Inside - p
Gin Fuel system i - Ich Centre 1 -
Gp Fuel injectors - 2 Ief Cross section 3 -
et} Ay intakes 4 i Id Tips i 1
Ga Hxhaust aystems i o Idb Roots 1 1
Geg set deflectors - 1 Ie Hdges - 1
Gsi Afterburners 1 - Ieb Leading edges 1 &
Gek  Silencers i - Igg Cylindrical 1 i
Gt Cooling systems - 1 Igr Conical 3 3
Gug  Alr conditioning Igs Spherical i i
sysiems i - Ihe Sharp 1 -
Gut Relrigerating Iibb Swepthback 7 4
sysiems 1 i lid Triangular 3 2
Gvh Electrizcal I3 Delta 3 é
. syetems - ije Wedge ~shaped 1 -
Gvn Guidance systems 4 - Tih Reetangular 8 -
Gvy  Guns 3 1 Imd Arrow - 1
Gwd  Axial flow Ipc Circular 2 3
COMPressnrs 3 - Ipe Concave 1 1
Gx Turbines 2 - Ipi Convex i -
Gy2 Z stage turbines 1 - Ipn Oval 2 -
Gzf Heat exchangers 2 - Ips Annular 1 -
Gzp Oxygen eguipment 1 - Iab Semicircular 1 -
Hbb Walle - 1 Irv V shaped i -
Hbf Gride 2 1 is Flat 4 3
Hbh Cascades 1 2 ite Metched 1 -
Hab Roters {machine Itk Parforated P 1
compopenis) - i In One “dimensional i -
Hdv  Blades 1 Tud Curved 1 2
Hdp Cams - i Iuf Beunt i -
Hke Housings - i Iv Thin 3 3




Laun

Mkb
Mkt

Mm

Mmd
Mmm

Mup
Mazp

Nag

Nasg
Nb

Nbf
Nbh
Nbj
Wbk
Wom

No. of terms used in
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Endexing Siearehing“

Tapered
High

Long
Horizontal

Concentric
Symumetrical
Performence
Range
Propulsion
Thrust

[ e A N ]

ey

i

Propulsive officiencyl

Altitude

Flying operations
Take~off
Hovering
Landing

Planing

Stalling
Aerobatics

Astronavigation

Radio navigation
systems

Inertial
navigation

Sirain gauges
regsure-measu-~
ring instruments

Temperature
measuring
instruments

Thermocouples

Pitot tubes

Hot wire anemo-~
meiers

Pilois

Dirop impinge~
ment

Gases {aero~
dynamics)

Rarefied goges

Aerodynamic
entities

Flow

Subsonic flow

Transonic flow

Supersonic flow

Hypersonic flow
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Ned
Nef
Med
Ndb
Ndj
Ndp

Wef
Hek

Hep
Nev
g2
Nid

nig

ey

Nik
Nin
Nip
Nge
Nge
Ngk
Ngp
Ngx
Nhd
Whi
Nhh
Whj

Nie
Nim
Nrmad
Nne
Nng

Npa
Npb

Ng
Nr
Nrf
Nrh
Nrm
Ntq
Nu
Nub
Nud

Term

No. of terms used in
Indexing Searching

Laminar flow
Turbulent flow
Unstieady flow
Rotational flow
Diabatic flow
Non-isentropic
flow
HReversible flow
Free molecule
flow
Shear flow
Mixed flow
2 dimensional flow
Non-viscous flow
Viscous flow
Compressible flow
Boundary layer 1
Transiiion{B, L}
Separation{B. L)
Streamlines
Sources
Vortices
Vortex sheets
Jets
Shock waves
Normal shock waves
Obligue shock waves
Attached shock
waves
Velocity {asro-
dynamics}
Velocity gradient
Reynolds number
Spray
Density {{fluids)
Compressibility
Aerodynamic
characteristics
Aerodynamic
forces
Aerodynamic
loads
Lift
Drag
Skin friction drag
Wave drag
Interference drag
Gust loads
Moments
Pitching moments
Rolling moments
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Term No. of terms used in Terms No.of terms used in
Indexing Searching Indexing Searching
MNuf Yawing momenis 1 - Pgp  Artificisl fibres = 1
Mv Pressure 8 4 Pgv Cermets 2
Hvi Pressure Ph Plasties - i
distribution 16 3 Phb Thermoplastic
Nvh Centre of plastics - 1
Dressure 3 - Pht Rubber - i
vk Pressure Pmr Eadieactive
gradient 2 i materials 1 i
Ky  Pressure Puch Chiorine H -
recovery i - Ppb  Water 2 1
Oz Control {aero- Pph  Air i -
dynamics) 3 i Pgh  Hydrogen i 3
b Stability B 3 Pghe Helium - i
Oad Manoeuvrability - 1 Pgnaoch Sodium hydroxide 1 -
Oe Interference 2 3 Pao Oxygen 1 1
Og Choking i - Pap Phosphorous i i
(831 Asrodynamie Prb Holids i
heating 5 3 Prf fiases 1 i
Gk Downwash 2 i Pri Mirtures i -
Gih Wake 1 3 @ Manunfacturing
O Turbulence i i processes 2
Ozb Suction 3 3 G Cagling - 1
kel 1 - Gee Melting - i
- COrab Jibrations {aero- Qdg Extrusion 1 -
elagticity) - 1 Qg Machining 1 -
On Flutter 15 8 Qhh Sintering 3 e
Onb Plexure torsion Gic Quench hardening 2 1
flutter - i &k doining 1 H
Cab Angle of attack g8 1 A Bedux bonding - 1
Ogm  Planform - i GQny Soldering 2 1
Ot Aspect ratlo 8 4 Qpp Chemical etching 2 2
Oqw  Thickness ratio 1 - Qan Cladding 2 1
Oag Aerofoil gections 2 1 Rab Dimensions 3 -
Oss Camber 3 2 Raf Thickness 3 i
Poc  Gaseoins feels 1 1 Ram  Mass weight i i
Pcee Liguid fuels 8 i Re Kinamatics i i
Pog Bolid fuels 1 - Red Rotation - 1
Pek Propelianta 2 - Rda  Angular velocity 2 =
Pea Euplosives - 1 Rer Mechanical
Pe Betals 1 - efficlency i -
Pea  Alloys i 1 Rev  Bliding friction i i
Peal Aluminium 13 9 Bib Trajectory 4 1
Pefe Iron 1 2 Rgz Deformation i -
Pemg Magnesium 5 i Rh Elasticity 2 i
Pemo Molybdenum 2 1 Rip Flasticity 3 i
RjL Shrinkage - 1
Peni  Mickel 2 - Bk Eiffects of
Peti  Titanimn 3 2 deformation 1 3
Py Steel 2 3 Rkf Cracking 2 i
Pferni Stainless steel - 1 Rkh Buckling 7 8
Pgg Glaszs - 1 Rkm  Fatigue 18 8
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Term No.of terme uaed in Term No.of terms used in
Indexing Searching Indexing Searching
Bkn  Endurance Ste Gas cooling 1 -
lmits - 2 Stg Convection 2 1
Fallure 2 1 Bt Forced convection 1
Stregses i6 7 Stn Radiation - 2
agidual stresses - i Stq Conduction - i
faty factor 4 - Sty Thermal
Thermal siresges 8 1 conductivity 3 3
Strength i3 3 Stx Thermal
Life 3 i insulation i -
Leading 3 H Tab Nuclear structure - 3
Tension 7 2 Td Crystal problems = 8
Compression 5 1 Tid Impurities b 1
Shear P 2 Tm Chemical reaction 5 -
Torsion i - Tmd Dissociation i 1
Bending 8 2 Tne Flames 3 1
reep - i Tr Corrosion 1 3
Stiffness 1 - Tre Chemical corrosion - i
Rougnness i 1 Tri Stress corrosion 2 =
Siot 1 - Ug Bquilibration
Crack - 2 {medicine)} 1 1
Projections 1 - Uja Shielding - #
apped i i tisg Gusts - i
; orosity i i Usk  Atmaspherie
Rxd Biffusion a i turbulence -
Sa Vibrations 20 5 v General technical
Sb Modes 1 - operations 3
Sed Noise 2 3 Vbb Production
Seh Engine noige 7 K] engineering 1
Sej Propeller noise P 2 Vhd Desgign 12 K
S Freguency P i Vb Apsembly i -
Sfg Wavelength - i Vbp Development 2 -
Sfm Propagation Vdi Work study i i
{vibrations) - 1 Vic Control 7 2
Sty Attenuation 2 i Vid Starting i, -
Sfs Hysierasis 1 i Vit Stopping i -
Siu Damping 8 2 Vgg  Cleaning 1
Sz Elsctromagnetic Vgl T.ubrication - -
waves - 1 Vh Damage - 1
Shn Radioactive Vhb Failure 1
radiation - i Vid Prevention 2 3
Skb Photoelasticity i 1 Vhmm  Modification - 1
Sin Magnetohydro- Vi Tests 48 4
dynamics 1 3 Vif Flight tests 5 2
Sib Fluorescence - i Viv Visuzalisation 2 i
Snxg Eveporation 1 2 Vix Analogy 4 3
Ssgh Temperatore g i Vi Wind tunnel tests 24 2
Ssd High temperature 4 2 Vi Calibration 2 -
8t Heat tranafer 17 10 Vib Accuracy 1 -
Ste Cooling 8 5 Vie Brrors 1 -
Htd Sweat cooling - i Vx Recording methods - 1
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Term No.of terms used in Term No.of terms used in
Indexing Searching Indexing Searching
Wad  D.C. Generators 1 - Zdd Fall 2 -
Wah A.C.Alternators 1 - ZE Distribution 8 -
Wd Circuits i - Zig Gradients i -
Wdn  Blectrie Zg Ratio 1 -
Discoriminators 2 1 Zh Coefficient - i
Rectifiers - i Zk Response - i
teries 3 i Zof Minimum i -
i Cores - 1 Zah Very low 1 -
WikZ  Dicdes i 1 Zaj Low 1 i
Wne  Transistors 1 - Zan High i 2
Wng  Junction Lo Very high - i
iransistors - 1 Zat Maximum i -
Wyl Imopedance - i Zs Model i 1
Wad  Magnetic field - 1 Zub Free 1 -
Wed  Frequency 1 i Zuk  Simply supported 4 i
Weu  Amplitude i - Zug Pressurised - i
Win  Diffraction - 1 ZvE Hydraulic - b4
Wit Modulation 2 1 Zvh Electric 3 1
Ebe Costing 1 1 &z Television 3 1
Xs Theory 2 -
Eu Application 4 -
Xy Analysis i¢ -
Kz agurement 5 1
¥a aleulation 53 1
Yaf Formula 1 -
Yas Solution 4 -
¥ig Partial
differential
squations - i
Yed Eigenvalue
eguations -
Yhi MNon~linear
gquations i -
¥ Functions i -
Ym Geometry 2 -
Yre Curve fitting v i
Vx Computers 1 2
Yxd Digital computers 1 1
Ya Computer
aperation i -
Yzg Simulation 1 =
&b Stability 3 -
Zbe Resistance i -
Zdb Rise 4 -
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PART 4. UNITERM

No. of times used in
Indexing Searching

Term No. of times used in Term
Indexing Searching

Abstement - 1 AZ 1 -
Absorbars w i B - 4
Abrovrption 2 - Bars 3 &
Acceleration - 2 Bases 2 B
Accuracy - H Batteries & i
Acetate i - Beams § 7
Adiabatic i ~ Bending 9 13
Advance 1 - Bibliographies i -
Aerobatics i - Biconvex i -
Asrodynamics 15 7 Blades 8 3
Aeroelasticity 2 - Bloodhound 3 3
Aerofoils ] - Blowdown - 3
Aeroplanes - Blowing 1 -
Aevorez i - Bluff 2 1
Afterburners 2 - Blunt 4 2
Allerons i 2 Bodies 22 14
Air 4] 7 Boeing - 2
Aldrcraft 32 26 Bolis - i
Aisi 1 - Bonding - 1
Alclad - 2 Boosters - 1
Algebra - 2 Borides ] i
Alkall - 1 Boundaries 16 28
Alloys 18 17 Bow i i
Aluminium 12 7 Boxes i i
Aramonia ] - Breaks 1 -
Amplitudes i - Bridge - 2
Anslogy 2 - Bristol 1 i
Analyser - i Brown Boverl i =
Analysis 16 - Buckling B ¥
Angles 8 2 Bump - |
Annular-ug 2 3 Burners i -
Anti-aireraft - 2 Bursting i o
Applications 4 - By-pass 1 -
Area - 1 Cabins 3 4
Argon i - Calculations 38 14
Arrowhead - i Calibration 3 2
Aspects 7 4 Cambesr 4 i
Assistance 4 i Cams 2 1
Asgtronsutics 2 2 Canopigs i i
Atmosphere - 2 Cantilevers i -
Attached - 1 Capacities 1 -
Attack 4 3 Carbides i -
Augmenters i - Cargo , - 1
Avutomatic i 2 Cascades . 3 i
Autopilots 3 - Casings - i
Auxiliary - 1 Casting 3 2
Axial 4 2 Caustie - 3
Axis i - Cell 3 -



Term

Centres
Centrifugal
Ceramic
Cermets
Chambers
Changes
Charmels
Characteristics
Charts
Chemical
Chordg-wise
Circuits
Circular, Circles
Civil

Cleaning
Coatings
Coefficients
Columbium
Combinations -ed
Combustion
Comet
Comparison
Compunents
Compressibility
Compression-ed
Compressors
Computers
Concentric
Conditioning
Conduction
Cones

Constant
Contraction
Costrictions
Construction
Consumption
Controls
Convection
Convex

Cooling

Copper

Cordite

Coresn

Corners
Correction
Corrosion
Costs

Cowlings

Crack

Creep

No. of times used in
Indexing Searching
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Term

Crews
Crosses
Cruising
Curves
Cushions
Cutrouts
Cyclones
Cylinder
Damage
Dampers
Damping
Data

BC

Decay
Decomposgition
Deflection
Deformatione
De Havilland
Delta

Design
Detached
Detection
Developments
Deviations
Diabatic
Diagram
Diamonds
Disphragms
Differences
Diffraction
Diffusers
Digits
Dimensions
Diodes
Direct

Discs
Dispersion
Displacement
Dissociation
Distances
Distortion
Distributions
Double
Douglas
Downwash
Drag
Droplets
Dryness
DTD
Ductility

No. of times used in
Indexing Searchinﬂ
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Term Ne. of times used in Term No. of times used in
Indexing Searching Indexing Searchingﬂ
Ducts 5 | Fluctuations i -
Dynamics 2 3 Fluids i 2
Dynamos 1 - Flutier 8 8
Economy - i Flux i -
Hdges 4 ki Flying boats 2 2
Editing 1 t Foams i -
Effects P 3 Forced 2 2
Bfficiency i 1 Forees 2 -
Eigenvalue i - Formed ! -
Bjectors i - Formaulae 2 3
Hlasticity b - Foundations i i
Hlectriclty 1 4 Free 3 i
Electromagnetic 2 - Freight P 3
Hlectron - 1 Freon 1 -
HElectronics 1 3 Frequencies & 8
Elements {(Metals) 1 - Fretting 2 i
BElavators i - Friction 2 i
Fllipses 2 3 Fuels g 7
Energies i 1 Functions i 1
Engines 27 21 Fuselages 8 3
Enthalpy 1 Fysgion 1 -
Entries 3 - Gaps 1 -
Bguations g 7 Gages 18 i3
Bouipment 3 5 Gauges 2 2
Etching 2 2 Geometry i -
Exchangers 1 - Germanium 1 -
Exhausts 2 3 Glider 2 =
Bxpansgion i 2 Gradients 5 i
Extraction 1 - Grains 2 -
Exirasion 2 - Graphs i i
Failures 5 4 Grating i -
Falling 1 - Grooves i -
Fatigue 13 13 Guidance 2 3
Ferranti i - Guided 1 3
Field w 2 Guns - 2
Fillets i - Gusts 3 i
Filters i - Gyroscopes - i
Fineness - i Handling - i
Finite 1 1 Hardening 1 -
Fins i 2 Hardness 1 -
Firing 3 - Heads 1 -
Fiasion 1 - Health i -
PFixed 1 2 Heat 31 23
Flames 3 2 Heights a 3
Flaps 5 8 Helical 2 1
Flat 16 5 Helicopters 1 7
Flaws i )3 Helium 2 3
Flexible 1 - Heptane 2 -
Flight 7 10 Herbert-8mith 31 -
Flowsg 60 40 High 8 7
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No.of times used in
Indexing Searching

Term No.of times used in Term
Indexing Searching

Hodograph i - Laminar 14 10
Holes 5 2 Lianding 3 3
Hollows 1 - Lateral - 4
Horizontal 1 1 Liavel 1 w
Hot i - Layers i8 30
Hovercrafl i 2 Lieading 4 8
Human - i Lengths 2 B
Humidity 4 P Life 3 3
Hydrocarbons 1 - Lift 13 7
Hydrodynamics i - Light i -
Hydrogen - 2 Linear 5 -
Hydroxide i - Lines - 2
Hypersonics i3 10 Lining - 1
Hysteresis 1 1 Liguids & 7
Impact 3 2 Loads 1 i0
Impedance - 2 Long = 1
Impingement i - Longitudinal 2 i
impuriiies 1 1 Logses 2 -
Incidence - 1 Low 2 2
Increases 1 - Lubricants 1 1
Inducers - 1 Mach 3 a
Induction i - Machines 2 -
Industry - 1 Magnesium 4 a
Inelasticity - 1 Magnetic - P
Inertia 2 1 Magnetohydrodynamics 1 -
Infinite - 1 Manganese 1 -
Injection 4 3 Manoeuvres 1 1
Inlets - 1 Manufacture 4 1
Inspection 1 - Masses i -
Instability i 2 Materials 1 3§
Instruments i 1 Matrices 3 1
Insulation 2 - Measurement 10 i1
Intakes - 1 Mechanics i -
Interactions 1 i Mechanisms 1 i
Interference 2 4 Mesh - 1
Intergranular i - Metals 3 8
Intermitient - 2 Microscopes i -
Internal 1 1 Milling - 2
Inviscosity i - Mineral - i
Ions - 1 Miniature 1 -
Iron i 2 Minimum 4 -
isosceles - 1 Misgsiles 5 8
Isotopes i - Mixes 4 4
Jets 12 13 Models 2 2
Jettison 1 - Modes 1 -
Jigs 1 1 Modification i 2
Joints 3 2 Molecules 1 3
Junction 3 - Molten i -
Kinetic 2 - Molybdenum 3 1
L - 3 Moments 7 3
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Term No.of times used in Term No.of times used in
Indexing Seamhing_ Indexing Searching
Moulding - 1 Pitch i H
Movements 1 1 Pitching 4 3
Mufflers o i Pitch-up - i
MACA 3 2 Pitots 1 -
Natural 1 1 Planes 3 2
Navigation 2 1 Planform 1 2
Networks - 1 Plants 1 2
Neutral - 1 Plasticity P 2
Nickel i - Plagtics 1 2
Nitrates 3 - Platen 28 18
Nitrides 1 - Prneumatics i 1
Noise g 8 Points | 1 -
Wonlinear 2 - Pollution i -
Nonuniform & 2 Poroaity 1 3
Normal 2 - Position 2 -
Noses i } Potentiale i 1
Nozzles 8 2 Potentiometers 1 -
Nuclear 2 4 Powder 1 -
Numbers ] - Power i 3
Ubligue 3 - Precipitation 1 -
Oils 1 8 Precision 1 -
Operations - - Pressures 43 24
Optimum 2 - Prevention 2 4
Orbits 1 - Probes 2 -
Orowan 1 - Pyrocessing - 1
Orthotropic 1 - Profiles 1 -
Oscillations 17 8 Projection - P
Oxidants i - Propagations 1 i
Oxidation - i Propane 2 2
Oxygen 3 i Praopellants - 3
Panels - 2 Propellers 8 1]
Parabolic 3 - Properties 5 3
Parallel 2 3 Propulsion 8 3
Passages - 2 Prototype - 1
Passengers 3 - Pullout 2 -
Payload 1 - RQuenching - 2
Pentaborane i 1 RR 1 -
Perforated - 1 Radial i -
Performance B 7 Radiations 2 1
Perspex i 1 Radio 1 -
Petrol - 3 Radioactivity 1 1
Phases 1 - Radioisotopes 1 -
Phenol - 1 R.A.F, i -
Pliosphorous i - Ramjets 4 i
Photoelasticity - 1 Rams i -
Pictures 1 - Range i 1
Pilotless 1 1 Rarefied 1 1
Pilots 1 1 Rates 1 -
Pipes 3 2 Hatios 12 @
Pistons ] 2 Reaction 1 -
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No. of times used in
indexing Searching

Term No. of times used in Term
Indexing Searching

Reciprocating 2 - Sheets 5 9
Recombination 1 - Shells 4 4
Recorders 1 2 Shields 1 i
Recoveries 5 2 Shocks ] 17
Rectangular 1 - Shrinkage 1 2
Rectifier - 2 Shrouds 2 &
Reduction 8 1 Sides i 1
Redundancy i - Silencers 1 3
Redux - 1 Silicides 1 -
Refining 1 1 Silicon & i
Refractions 2 - Simple 3 -
Refrigeration 2 1 Simulators 1 =
Regulators 1 - Simultaneous 2 -
Research - i Size - 2
Resistance 5 - Skins ] i
Resldual - i Slabs H -
Resonance - 2 Slats i 2
Responses 1 2 Slender 4 3
Retractible 1 i Sliderules 1 -
Reverse 2 4 Slots 2 ]
Revolutions 7 2 Sodium 1 -
Reynolds i i Solids 5 3
Ribs 1 i Solutions 8 2
Rigidity i - Space 2 2
Rise 3 - Spans 1 -
Riveted 2 - Spars 2 -
Rockets i2 8 Specific 2 -
Rolls 2 2 Specirogcopy i -
Roots 1 i Spectrum 1

Rotation 4 4 Speeds 11

Eotors i 3 Spheres i -
Roughness 2 1 Spikes 2 -
Rubbers - i Spinning 1 i
Rules i i Spray 3 1
Rupture i - Springs 2 i
Safety 2 - SR-N1 1 -
Sandwich 2 2 Stabiliger 1 -
Saunders-Roe i - Stability i7 10
Schlieren 1 - - Stagger i -
Screen 2 i Stagnation 2 -
Seals i 1 Stainless H -
Sections - 5 Stalls 2 4
Semicircular 1 1 Starting 1 2
Semiconductors i - Static 3 3
Separation 4 5 Statistics 1 1
Servo i i Steel 3 i
Servomechanism i - Steps i -
Shapes 2 - Stiffeners 2 i
Sharp - 1 Stiffness i i
Shear 4 3 Strains i 8



Term

Stream
Strength
Streicher
Stresses
Siringer
Strips
Structures
Siruts
Study
Sublimation
Subsonic
Suction
Supersonic
Suppressors
Suriaces
Sweep
Symmetry
Systems
Tables
Tabs
Tailplanes
Tails
Take~off
Taper
Taylor
Temperaiure
Tension
Tests
Theory
Thermenol
Thermocouple

Thermoelagticity

Thickness
Thin
Threads
Throttle
Thrust

Tin

Tips
Titaniwum
Teolerances
Tools

Tooth
Torsion
Trailing
Trajectories
Transfer
Transformations
Transients
Transistors

=193 -

No. of times used in
Indexing Searching

1 -
13 8
1 -
25 21
2 i
1 -
13 16
- 2
3 1
2 o
i 3
3 8
43 43
3 -
i0 8
7 4
3 1
8 B
1 -
1 -
2 -
i 2
3 2
1 i
1 -
23 16
8 7
48 17
8 4
1 1
1 -
1 -
io 3
- 7
1 -
1 2
é 5
1 -
3 -
i 1
- i
1 -
1 -
5 1
3 i
4 2
17 7
- 2
5 1
1 1

Term

Transitions
Transonics
Transports
Travelling
Triangles
Tubes
Tunnels
Turbines
Turbojets
Turboprops
Turbulence
Ultimate

Undercarriages

Units
Unsteady
U.8.

v

Valves
Vanes
Vaporisation
Vehicles
Vertical
Viscosity
Visualisation
Visibility
Vortices
Wakes
Vortex
Walls
Warping
Water
Waves
Wedges
Weight
Wheatstone
Wheels
Wide
Windows
Winds
Wings
Wires
Working
X-rays

z

ZRE

No. of times used in
indexing BSearching

5 5
8 5
é 3
- i
10 3
E 8
12 8
i i3
4 6
1 -
14 i1
1 -
1 1
- 2
1 2
1 -
1 1
i -
1 -
P -
p 2
2 1
4 2
1 -
1 -
4 1
i i
- 2
1 3
i -
- i
18 15
2 -
B 4
i 2
1 -
i i
1 -
13 6
40 37
a -
3 1
1 -
- 1
- i
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APPENDIX 4E

RESULTS FOR DOCUMENTS P12001 to P14000 SHOWING
NUMBER OF SEARCHES REQUIRED

Guestion SEARCH RESULT
Mumber UnC ALPHA, FACET UNITEBM

20 - 08
- 07
- 08
- 08
- 10
21 - 08
- 07
- 08
- 09
- 10
22 - 08
- 07
- 08
- 09
- 10
23 - 08
- 08
- 09
10
%4 - 08
- 07
- 08
- 09
- 10
25 - 06
- 07
- 08
- 08
- 10
26 - 06
- 07
- 08
- 08
- 10
27 ~ 06
- 07
- 08
- 08
- 10
28 - 06
- 07
- 08
- 09
- 10

0B T DI BB RO b e

B3 B sl Mop b m DG e B WO

i

4

e MM By e B 2 en K
G5 B 0 DO 1 BF N 0 BB R b G s P B 00 G B DB B b B B0 fub s jes o pes B B gt G £330 RO e DO

po ®

$23

et B D G0 B M
B O3 bt MDD PO 00 e Moo B GO M 4 B pe bn B R gds M e b e B 2D B L0 8+ b 2 29 00 B et B ted Bed BE G0 WK e B4
Bub mh fub pm gt B0 RS MM =t 2 e 3O om0 B3 23 K OB Bt B3 M BD dmd et e B RO Beb fed ped bet 03 et pes B WOBD B2 L0 X 00 ¥ B

B2 B3 B e de 3
B B3 B3 b0 L8



- 178 -
RESULT
ALPHA. FACET UNITERM

SEARCH

vDC

Question
Number
20 - 08

v OF s B vt Mo B oot D B ET vt B ed ood wed od B N vk O OO B8 ot € wh vl b OF wob OF ek ovd O ool OF ot vt vt KD g vel vl O O O v uet 0N W OO% et D O3

CT Mo Mowd MM Moot o ot OB et OB 00 et B3 0D et MO IO i B oedt B owed O O 4 O 3 OF o €0 vd M vt D M o vot ME3 R M oK Mo et O

i 3ot Mot MM Y et B8 IO i M D vt el B8 0 OF ot OF OF 67 CF 50 £ vl 00 ot vd 09 oot Do OF OF v vt 3 red et OF et @ MY M KM oHeT
g

vl O B Moo M MO et N DT WM MO e 00D el U Y e 00 60 P vl vt ok M OT CICS B M MO et O O et O DT N MUY MDD W e €O Mo 03O

- 07
- 08
- 09
- 10
30 - 08
- 07
- 08
- 0%
- 10
31 - 08
- 07
- 08
- 08
- 10
32 - 08
- 07
- 08
~ 09
- 10
33 ~ 08
- 07
- §8
- 08
- 10
34 - 08
- 07
- 08
- 09
- 10
35 - 08
- Q7
- 08
- 08
~ 10
36 - 06
- 07
- 08
- 08
- 10
37 - 08
- 07
- 08
- 08
- 10
38 - 06
- 07
- 08
- 08
- 10
39 - 08
- 07
- 08
<08
- 18



g a‘ﬁgamw ;m, *‘Exe coursse of their history™,
ies of large sirerafi’”. The article
art upon which the guestion wasg based

c@vauxsméi @53 a5

g mmﬁ he e thered that the gas consuy ines nasd
power h ffhmn ammmmﬁ H 0.8 m per
horse powsz a‘; 5 hag Zm, reduced o almost half this figure,

The de miraced in all systems.

» guestion on recommendsd dime Smww of masks for chemical
A
13

mitling of alrerall struclures was i lis%n fvom an artd antitied Slﬁzﬁad@rn methods
of aircraf frretd iie suggests, ths arilcle reviewed many methods

of manufac

2

sraph dealt with one particular method. Such a
; o an

gpecific tion, which, io iy a@sﬁd not be answered with any degree of
sati a general rsview article.
f‘z@mgm mi T yatems.

(3) 38~

ey
fuarts

of a parabolic nose cone’, the
document remaly cauge the guestion was too specific
for the maiey : v-‘si oney apparently took his
guestion from the 1 tlust ong. Thers would be many more documents

which woul 1 e, which contained so liftle

on the specific @ > would have revealed the decuraent.

e

esloulation of flutter of 2 cone at

c in that it refers only to two
gaﬁ‘@ article. The article referred
, r would have involved much detailed
: shape mentioned. However, although cones
ware rofe . thay re not me: ¢ in the summary. Thers would not have
been suffici mat 1 io help the enguirer when there are so many more docurments

gpacifically
The document rema : 5 parily because of lack of
ermutation, bul was f‘wx in the other 2y s because of the approach
& !

via flutter and hype

(8} 7T4-11. The guesiion "Use of an oil film technigue to determine flow patierns
at low Mach numbers’, was based upon & single sentence in the main body of the
report, wh z::*z vag also re ted in the summary. The document was about a

particular : of the effects of combined nose droop and outer-
wing f‘h@?” exte a T%% thick awept wing. The fact than an oil-film

technigue was wly briefly mentioned, and there was insufficient detail
te help an The document remained uniraced in sll

gystems.



{6} 70-14, A questiom "What factors lirait the thickness of a panel which may be
chemically machined and what are the advantages of this process over mechanical
machining processes’, was based on a single paragraph of 2 fifieen-page document.
It ig very doubtful whether the information contaived in the paragraph would have
been any help to the enquirer, as only two advantages of chemical machining over
mechanical machining were given,those of cost and accuracy.

The document rerhained untraced in all sysiems.

{v) Too generali~

{7} 24-08, “Caleulation of damping in roll at supersonic speeds”. This question
was based on a document entitled "The second~order iifting pressure and damping
in roll of sweptback rolling airfoils ai supersonic speeds™.

The docvment was not traced in the Alphabetical system because the guestion
proved 100 general for the scheme. As it was usual during the indexing programmse
to index as specifically as possible, the document was indexed under ‘asrodynamic
shape’, with aerodynamic characteristic as subheadings. The guestion referred
only to the serodynamic characterisiic - therefore the document remained untraced.
Unless all subheadings are also used as main headings, thereby almost doubling
the size of the catalogus, this situation will always arise. However, in real life
situations, sufficient documenis would have been found which treated the subject
generally, to satisfy the enquirer.

e

{8} 41-08, "Boundary layer displacement effects”. This question was based on
a document entitled "Boundary layer displacement effects in air at Mach numbars
of 8.8 and 9.6. The document was sixiy-one pages in length, and went into detail
ashout tests on praessure gradient and skin friction drag of flat plates and low drag
wings. The indexer was allowed sixteen minutes, and hence made many entriss,
but she did not index the title. If the time aliowance had been two minutes,
possibly the title alone would have been indexed and the document {raced.

However, in such an acrodynamic collection, the guestion would have brought
forth many documents which would have satisfied the enguirer. The gquestion is
too general for the content of the paper, even though it was taken from the title.

The two concepis 'Boundary layer and 'Displacement’ cannot be expressed in
U.0.C., except under 532, 526 'Boundary layer'. This section consists of
hundreds of cards. In Aiphsbetical, the heading BOUNDARY LAVER - Displacement
is quite adeguate. The Facet system ig the same as U.D.C., in that only
'Boundary layer! can he expressed at Nfk. In Uniterm, of course, both concepts
can be used.

Although the concepts could be adequately placed in Alphabetical and Uniterm,
the guestion ig stiil far too general to trace the required document in all sysiems,
without bringing out bundreds of other documents.

{8} 45-08. The guestion on "The effect of roughness on skin {riction” iz too
general for an aerodynamic collection. There are many articles written on
the subject, any of which would satisfy the questioner, unless he were able to be
more specific. The document title was "Turbulent boundary layers in adverse
pressure gradients'. If the concept "turbulent boundary layer' had been added to
the guestion, the document would have been traced without difficulty.

The document remained untraced in all four systems, -
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(10) 58-07. The question "Value of model testing for predicting instability of
structural elements’ was too general becanse the type of structural elements
wag not defined. The title of the document upon which the guestion was based
is "Study of size effect on sheet-gtringer panels”,

The document remained untraced inU.D.C., Pacet and Uniterm, but was
found in the Alphabetical sysiem because of the zealous approach of the searcher,
Her train of thought led from MODELS, STRUCTURAL, to PANELS - Stability,
then to PANELS, ALUMINIUM ALLOY, and finally SHEETS, ALUMINIUM ALLOY.
Presvmably,. the searcher thought that, as aluminium alloy panels and sheeis were
very frequently discussed in articles, these headings wers the maost likely.

(11) 57-10. The question "High strength alloys' was based on the docuament
entitled “High strengih aluminium casting alloy 40E:DTD 5008: latest developments
and foundry experience!. It s obvious from the title that this article discusses

a specific aluminivm alloy - hence such a very general question is guite inadeguate,
The question would have been answered by many articles, or hetter stiil a chapter
from a general book on metallurgy, or one of the ASM series.

The document was iraced only in the Facet system because the sesrcher was
alsc the indexer ~ and knowing that she had indexed several articles on high strength
aluminium alloys, she checked under Peales in the classified sections. Many other
documents were also retrieved.

{12) 65-08, "Structural stresses at which plastic flow cccurs”. This question

was based on a document entitled "Practical solution of plastic deformation problems
{n the elastic-plastic range". The document was a NACA Technical Note of thivty-
three pages of fext, concerning plastic deformation of four types of gtructure,

{2} a flat plate, &) 2 thin shell, {c} a solid cylinder, {d) a rotating disc, Naturally,
the indexer decided that these types of siructure should be indexed, rather than
giving one general heading covering 'structures’.

The only real concept received by the searchers was ‘plastic flow?,
iStructeral slements! was {co vague to be useful. In U.D. C., the document was
traced at the second atiempt under 539, 374 (Plastic deformation). In Alphabetical
it was traced at the third attempt under DEFORMATION, PLASTIC, and in Uniterm
it was found under 'Siresses’ and ‘Plasticityt. The searcher in Facet failed to
trace the document, partly because of the form of the chain index, which gave fifiy-
six places to check under Rip {Plasticity} and also because the guestion gave only
one useful concept. In other words, it was too general for the specificity of the
document.

{13) 23-12, A question on the combustion of rocket engines proved too general

for Facet. The document was specifically on propellant vaporisation as a criterion
for rockei engine design, and gave calculations using various log-probability
distribution of haptane drops. Actually the guestion was too general for all systems,
but, in U.D.C, , by widening the search to 621,45 {(Rocket engines), in Alphsbetical
by looking under ENGINES, ROCKET - Performance, and in Uniterm, by finding
ROCEET: ENGINES: COMRBUSTION: PERFORMANCE, the document was traced,

In Facet, the searcher tried 33 entries containing 'rocket engines' and
‘combustion'. She then abandoned the search, because to check under 'rocket
engines’ throughout the whole chain index, would have been tos arducus and general
a search.

Permutation of the Facet entries would have eguated this system with the others,
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{14) 64-11. The question "Investigation of flutter problems 2t high speed”,
proved too general for Facet. The searcher refused {o check in the chain

index under these two single concepts. With permutation, and adeguate indexing,
such a guestion should not involve a long and tedious gearch.

{18) 7T1-08. The guestion "Jet deflection by auxiliary air injection', proved a
generzal one for an aerodynamic collection. There are msany papers and articles
indewed that include material on the subject. The deflection of jets could refer
i theoretical studies, or one of the many applications, such as jet flaps for the
increase of 1ift on aerofoils.

The document upon which the question was based i3 entitled "Internal
characteristics and periormance of an aerodynamically conivolled variable
digcharge convergent nozzle’. However, in spite of the generality of the question,
and the specificity of the doounment, it was traced in Alphabetical, ai the fourth
attempt under JETE - Application, and at the second aftempt in Uniterm under the
same concept.

U.D.C. and Facet searching failed to trace the document, bacause of the
number of places to check under 'Jets! in U.D. C. and also in Facet under
‘Applications of jets'. With further explanation of the question, the document
could have been traced in each case,

fe}  Wot easily undevrstood: -~

{18} 69-10. "The ratio of virtual shear stress to laminar shear stress 7° is a
measurs of instability which ccours because of what",

This question was hased on a document entitled '"The heating of slabs with
arbitrary heat inputs”. The guestion is very complex, and the only entry into
the caialogue is via the concept 'shear stresses'. i ig a question, which, if
preseutad to a Hbrerian in a working library, would require explanation. One
would want to know if there were any particular metal or component in which the
shear siresses ocourred.

When actually reading the one-page article, one finds that i is mostly
concerned with a method of solving the heat conduction equation. 'Shear stresses’
are not mentioned anywhere in the article, were not indexed by the indexer, and
hence not traced in the searching.

The guestion failed on all four systems.

{17) 30-12. A guesgtion “"What is meant by a moulded harness’ failed in all

four systems, because the gsearcher could get no clue from the

question where to start the search. If the questioner had been available, the
gearcher would have been able to get more information from him. A= it was, the
only attempts were under 'safety harnesses'.

{18) 38-14. A question "Means by which the pilot of a milifary aireraft may
achieve the maximum possible time in combat from hig aircrafi’, proved a
failure in 2]l systems. The document was about range prediction, and digcussed
the parameters of fuel quantity, altitude, ambient air temperature, and their
effect on range prediction.

The failures were due in part to lack of understanding by the ssavchers, but
were also due to a rather ambiguous question. »



(d) Misleading:~

(18) 46-10. The question "Thermal decomposition of solid AN by a high flux
heating technique™, was considered by the searchers to be misleading. From
the article entitled "The gasification of solid ammonia nitrate", it is obvions that
AN refers to ammonia nitrate. However, AN is not a recognised symbol for
ammonia nitrate. The searcher in Alphabetical and Facet guessed the meaning of
the abbrevistion, and so traced the document, but the searchers in U. I O, and
Uniterm had no idea of the meaning, It is confusing to use such an abbrevisiion,
which can easily be mistaken for a typing error of the chemical symbol Ay -
Actinon. The fault was not that of the questioner, as the author used the same
abbreviation in his lext,

(20) 83-08. The question "Three dimensional boundary layers on slender wings",
proved misleading to the searcher, but in U.D.C. and Uniterm the document was
traced. In 1.D.C., the searcher tried 532.528, 2 {(Laminar boundary layer):
533.693 + {wings of all iypes). The document was fraced vader 533,683, 31

{Delts wings).

In Uniterm, three Uniterms were successful '"Wings', 'Boundary! and Layer?.
This was considered a success.

The document title adequately explains the subject - "An approximate method
of calenlating the laminar boundary layer on a delta wing". Admittedly the delta wing
referred to in the article is thin, but the ferm '‘slender! in this context usually is
associated with thin low -drag wings, and has been so interpreted by the searchers.

{21} 77-08. The guestion "Performance of engines with liquid injection” proved
misleading., Three of the searchers understcod that fuel injection was implied
and limifed their search programme to include this aspect. The fourth searcher
immediately checked the correct place 621,438, 057.3 {Water injection system.
Gas turbine engines),

If the question had read "water injection" instead of "liguid injection", the
document would have been found in all cases.

{22) 24-12. The question "Heat transfer and pressure drop of flow in pipes”,
can be considered misleading in that it refers to a very minor section of the paper.
It cannot be considered toc detailed because of the non-specificity of the question.
The article wag entitled "Comparison of wall effects on supercavitating flows
past symmetrical bodies in solid wall channels and jets", and was almost entirely
concerned with cavitation flow in pipes. The concept of heat transfer was implied,
but not mentioned in the paper, whilst there was brief mention of the effect of
pressure.

(23) 65-13. The question "Reynolds stresses in itwo-dimensional parallel
boundary layers' was misleading in that the concept 'boundary layer! was not
mentioned in the article. However, as the document was about parallel flow
between parallel planes, the concept of boundary layer was irmplied.

The document remained untraced in all four systems.

{24) 87-13. The question "Effect of incidence on pressure distribution on upper
surface of 6% thick RAE 101 section with long bubble", remained untraced in all
four systems because the searchers were misled by the aspect "RAE 101 section",
which led them to limit their search to 'Aerofoil sections! and Aercfoils’,

Actually, there was no mention in the article of any type of aerofoil section
by name, other than NACA 83008 and NACA 0008 series, under which presumably,
RAE 101 is incluoded.



{e} Incorrect:-

{28) 38-08. The gusstion on the measurement of scresch In vockst englnes was
actually incorrect. The document entitled "Study of screeching combustion in a

sty inch simulated afierburner”, deslt with a comprebensive investigation on

turboiet afterburners.

In the first paragraph of the paper, the author gave s summary of the work
already done on the study of screech, mentioning screech in rocket engines.

That is the only time that rocket engines is found in the whole of the paper. The
guegtioner apparently read the introduction and understood, incorrecily, that
the whole of the paper dealt with this aspect.

The document remained wniraced in U.D. C., Alphabetical and Pacet, because
the searchers insisted upon ‘rocket engines' being 8 necessary concept. The searcher
in Uniterm was satigfied with ‘noise’ and ‘engines! ag the only two Uniterms to be
successiul.

{38} 75-08. The guestion "What are the aerodynamic characteristics of an
‘arrow ~wing! at high Mach numbers”, was also incorrect, The paper, entitled
"dealized wings and wing-bodies at & Mach number of 37, as the title suggests,
referred {0 supersonic flow, and not hypersonic flow, as suggested in the guestion.
Hypersonic flow is usually considered to cover Mach numbers from five upwards.

The searchers in U.I, C., Pacet and Uniterm insisted upon 'hyperscnic flow’
in their search programmes, and so failed {o trace the document.

The searcher in the Alphabetical catalogue, after trying WINGS, ARROWHEAD,
HYPERSONIC: WINGS, ARBOWHEAD: WINGS, HYPERSONIC, found the document
at her fourth sesrch under WINGS, SUPERSONIC. This was a rather overzealous
approach and so canuot be counted a true success.

{27} 78-10. The question on supersonic rotational flow with attached shock waves
is quite incorrect. It was based on a document entitled "An investigation of the
pressure distribution on the conical bodies in hypersonic flow". The article is
two pages in length, and coniains no reference o shock waves and also refers o
hypersonic and not supersonic flow. There is no mention of rotational flow., The
flow referred to ig arcund cones. On checking with an aercdynamicist, he stated
that rotational flow may, in some cases, be conical,

The document remained untraced in all four systems.

{28) 38-13. A guestion "Satisfactory welding conditions for experimental
production joints in steel titanium', has a misprint. The question refers to sheel
titanium. If the question had been correctly phrased, there would have been litle
difficulty in searching. The document wag not traced in U.D.C. or Uniterm.



- 182 ~

2. INDEXING FAILURES

{a) Insufficient indexing: -

{i}  Perscnal errors
{e) Omission of an important concept:

{29} 38-13. The indexer ignored the aspecti of the effect of helium on the
diffusion fields of laminar boundary layers. He indexed 'flat plates! and
*laminar boundary layer' but did not mention helium.

The document wag iraced in U.D.C. by checking under the whole section
flaminar boundary layer? at 532.528.2. In Unlterm 'diffusion' had been added,
and so sufficient Uniterms were found to be a success.

{30} 38-08. In an article on the measurement of pressure distribution on
thin bodies, the indexer made only general entries under 'Measurement of pressure
distribution' and 'Staiic pressure tubes'. He did not realise, or at least, failed to
index the concept ‘ihin bodies® on which the importance of the paper hinged. The
particular method of measurement described was devised for 'thin bodies! because
their pressure distribution is difficult to measure by the more conventional means.

InU.D.C., the document was traced under 'Pressure tubes! at 533.6.082.3
and in Uniterm under "Measurement: Pressure; Distribution!,

{31) 36-10. The indexer ignored 'Surfaces! in an article on "Forced
convection over arbitrary surfaces'. It is agreed that the adjective 'arbitrary
infers that any shape, or type of surface can be intended, but, as there is litile
other than !Convection', or "Heat transier' to index, the concept of 'surface’ should
have been included. {(This is substantiated by the search programme). The
document was traced in U.D. . because of inversion of entries - found under

538, 25 Convection.

{32} 286-08. In an article on plate theory and analysis of stresses on plates,
the indexer ignored the first concept. In Alphabetical there is a heading 'PLATE
THEQCORY' which could have been used, and, in Facet, Fie {Plates} + Xg {Theory)
could have placed the concept. In U.D.C. the document was traced because there
was no place for 'plate theory’. Thus the searcher knew that he had to check under
Plates 631-415 + 530-539 Physics. As there was the recognised heading 'PLATE
THEQORY' - Alphabetical, the searcher limited his search to this. In Uniterm,
sufficient other Uniterms were traced for & success to be congidered.

{33) 68-08. The indexer omitted to index ‘walls® in an article on the
prediction of the separation of a turbulent boundary laysr near a wall. This
omigsion caused very general headings to be made under boundary layer separation
and turbulent boundary layers. Thus in the Facet catalogue, there were too many
entries in the chain index under the two concepts for the searcher to check through.
The document was traced in .. C. and Alphabstical only affer the searcher had
checked through the whole section ‘houndary layer separation®.

{34) 53-10. In an article on the use of a potential analyser to give the
pressure distribution on thin wings, the indexer did not include 'potential analyser’.
This term could have been included in the Uniterm system without trouble, and

in the Facet gystem the term fanalogy’ would be the most reasonable under which
to include the term. If these entries had been made, the document would have

been traced.
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£35) 50-08, in an arti
for simulating th ) t
important par
by the indexer.
heen traced.

squipment, an
f high altitude. This was lgnored
tems, the document would have

{as} 20-13. Tfne question "Drag divergence Mach number for NACA

5 aercfoll ssetion’ falled in all four sysiems because the indexer &1& not
the concept 'NAC ”c*»i"@ﬁ sectiont. He had a time sllowance of
sixteen minutes, wh 2 been sufficient io enable him {0 Include this
@@ﬁmmm

T

ele wag entitled "EBifecis of ¢
E s@pwr zoi&*a and included a description of the blades, siating
NACA section. This concept should have heen

compresslbility on the performance of
ﬁwp *ﬁraﬁlws cale

that they were of ©
noted by the indexer

{37y 28-12, The gquestion on messurement of transverse veloclties in
annular flow between conceniric oylinders, caused the document o remain untraced
in U.0.C. The decument was entitled "Fxperimental search for the effect of
compres ihility in un dy Counetie flow".

the indexer had included the concept of fannular flow! in all sysiems,
ai’&h@ugh it would not have affected the resulis of the search in the other three
systems, i would have enabled the documeant to be traced in U. DL C,

The document was found in Alphabsetical because of the ability to index under

IDERS, CONCENTRIC ~ Flow. 'The same applies to Facet and Uniterm,
in 2t the indexer was able o include this concept. In U.D, ., however, there
is 1o place other than the general heading 'cylinders' at either the 'mzvnd;mamia
number or the material shapes number. Thus the searcher had to fall back on
the concept "annular flow? which had not been indexed.

164 3

{38) 31-13. A question "The hydrodynamics of fluid-fluid interaciion
at the interface of parallel stream’ did not trace the required document in
Alphabetical or U.D. . The inclusion of finterference! with the enitries made,
would have reduced the search considerably in Pacet and Uniterm, and would
have enabled the document o be traced in Alphabetical and U. DL C,

In U.D.C., 533,895 Interference, should have been added to 532,586, 2
Laminar boundary layver, and in Alphabetical, the addition of the subheading
Interference’ should have heen added to BOUNDARY LAYER, LAMINAR.

{38) 64-11. A document on aercelastic problems in connection with high
speed flight failed in U.5. . and Alphabetical because the indexer omitied the
concept of ‘hypersonic flow! throughout the system. Had this been included,
the search would have been succeasful in these two systems.

It would not have helped in Facel, unless permutation had been used, as
the searcher would still have refused a search from the form of the guestion.

{8) Too general indexing: -

{40} 6G4-11 Although there was no mention in the summary to centrebody
intakes, the term fintakes' alone being used, the article was concerned specifically
with cenirebody intakes. Thig was ignored by the indexer, who made an eniry,

in all systems, under the general heading *intakes!. As in Facet, there was no
adjectival phrasge ‘centrebody® {although Ich *Centre' could have been used), the
gsearcher found the document under ‘Intakes'. In Uniterm and U.D, C. if the more
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specific entry had been made, the document would have been traced without
trouble.

In Alphabetical, the document was traced because the searcher went back
to the general heading INTAKES!,

{41} In an article on the methods of manufacturing of aircraft
structures, the indexer was not sufficiently specific with his treatment of

taircraft siructures'. Instead of placing them at 625.13.012, he made a general
entry under 629.13 {Aircraft}, Thus his entries read 'Machining: Aircrafi?,

and *Workshop practice: aircerafi’ {also in each case, inverted). If the indexer

had used the more specific entry in U.D.C., the document would have been traced.

{42) 70-09. A similar case to example {40} ig the omission of fcirculars,

in an artiele on the buckling of stiffened circular cylinders, If the term ‘circular’

had been added in Alphabetical and Facet, the document would have been found.
However, in U.D.C., as there is no specific place for 'circular cylinders!

the searcher knew that he would have to go to the section on 'cylinders?. In this

section the document was found. In the Uniterm system, sufficient other Uniterms

were brought out to consider the search a success.

{43) 20-15, In an article entitled "Aircraft design and mission compatibility”,
the indexer, with a time allowance of 16 minutes, made only general entries. For
the major part of the article, the indexing was sufficlent, but a particular example
of a turboprop transport aircraft was mentioned, and upon this example, the question
was based.

If the indexer had included the concept of turboprop transport aircraft in
all systems, the document would have been traced in Alphabetical and Facet,
Actually in U.D.C. it was found because the indexer had included an entry under
629.138.5 Transport aircraft. In Uniterm, the terms 'Aeroplanes’ '"Weight' and
'Operation' were considered sufficient for a doubtful success. The addition of
"Transport! and 'Turboprop' would have ensured a firm success.

{44) 31-12. With a document on the boundary layer behind shock waves
moving in a stationary fluid, it remained uniraced in Alphabetical, because the
indexer did not use the subheading !Interference!, which is the only one suitable
in this instance. {The inability to combine these two conecepts of shock waves and
boundary layers, is discussed in ancther section). The searcher decided that
a search through the whole section of 'shock waves® was too general, and so after
checking under 'Boundary layer, laminar - Interference! and 'Boundary layer,
turbulent - interference' the search was abandoned.

Actually, the same applies to the indexer's use of BOUNDARY LAYER,
TURBULENT, and BOUNDARY LAYER, LAMINAR, without subheadings. If
the same subheading 'Interference’ had been used, the document would have been
traced at the first search,

{45} 70-13. An article on the design and application of a monopropellant
turbo-rocket, mentioned the type of propellants to be used. The indexer made
only single, general entries under 'Turborocket engines', and completely
ignored the concept of ‘propellants’, *As he had a time allowance of eight minutes,
he should have had sufficient time to make more detailed entries.

A8 the question read “What single propellants have been used for air-
turbo rockets", the searchers were not happy about the search under Gj Rocket
engines, nor the Uniterms 'ROCKET! 'ENGINES! and '"TURRBINES!, but they



considered the resulis successful.

With the same generality of search in U.D.C. and Alphabetical, the
documnents were not found, bescause of the use of new headings {see later
discussion).

The addition of *propellanis’ to all systems, would have enabled the
docuwment to be traced in Alphabetical and ¥.D., C., and would have considerably
shortened the search in Facet.

{48} 70-14. An article entitled "Modern methods of aireraft production’,
principally referred t¢ machining and press-forming methods used in alrcraft
structures. However, the indexer, with a time allowance of eight minutes,
made geneyral entries under '‘manufacture of asroplanes’ - quite insufficient
for the scope of the article.

If entries had been made under Panels 621-415(U.D.C. ), PANELS -
Machining {Alphabetical), Ffh Qg Machining: Panels {Facet), plue the addition
of PANELS te Uniterm, the document would have been traced in all four systems.

{v}  Pailure {0 recognise practical application: -

{47 70-14. in an article on fuel systems and the control and use of {uel ag
a coolant for supersonic engines, the indexer failed {0 recognise the importance of
fuel as a coolant. If this aspect had been included in all aystems, the document
would have been traced,

{48) 44-10. An article on the design and performanee of throitle~type fuel
controls specifically refers to their application in gas furbine engines. This
practical application was not indexed, and, as the words 'gas {urbine engines!
were included in the guestion naturally the searchers considered this concept
important. The document was traced in Alphabetical under *Fuel systems?®, and
in Uniterm because sulficient other Unilerms were traced to consider the search
a success, but in U.D.C. and Facetl, the addition of 'gas turbine engines?,

would have enabled the document to be traced.

{6} Lack of technical knowledge: -

{45} 29-08. in a highly theoretical paper on the flow of gases through nozzles,
many squations and several hodographs were used. Presumably because of the
indexer's lack of mathematical knowledge, he did not recognise the equations used
ag partial differential eguations, and laid emphasls on the hodographs alone,

The inclusion of the omitted concept would have enabled the document {0 be traced.

{80) 65-13. In this article, no specific reference was made o boundary
layers, although the concept was implied, and the article was specifically concerned
with parallel flow between parallel planes.

The searcher was aware of the connection of the subjects, but did not think
through the article to the concept 'boundary layer!, An indexer with more knowledge
of the subject would perhaps have automatically associated the two ideas, to make
the correct and additional entries.

The document remained untraced in all four systems, as the question was
phrased "Reynolds stresses in two dimensional parallel boundary layers'’,



{e) Effect of one concept on ancther:-

{51) B5-13, in an article on the frequency of vibration of conical shells,
the effect of the vibrations on deformation of the shells was discussed, This
aspect was not indexed. If it had been included, the document would have been
traced in Alphabetical, U.D. O, and Uniterm.

In Facet, the document was traced because the searcher checked the chain
index under 'Conical’ {Igr) and looked at all entries in which this adjective occurred.

{b) Overdetailed indexing: -

{52} 31-09. From a very detailed N.A.C.A. Technical Note, the indexer
made eighteen Alphabetical eniries and has indexed much of the detail contained

in the body of the document, which concerned the boundary layer pressure gradient,
heat transfer, etc., on low drag wings and flat plates. If, however, the indexer had
indexed only the title of the document "Boundary layer displacement effects in and
at Mach number of 8, & and 8.6", which would have been the full extent of his
indexing had the time allowance been iwo minutes instead of sixteen, the document
would have been traced,

{53} 38-12. With & document on the measurement of the aerodynamic forces
on oscillating aerofoils, the indexer indexed the example referred to in the text,
of ‘rectangular wing', plus ‘oscillation', eic. As this was an example to demonstrate
the measurement of oscillation, etc., 2 more general eniry should have been made.
The question "Methods of measuring force and moment derivatives on
oscillating aerofoils", gave unsuccessful searches in U.D. . and Alphabetical
because of the specificity of entry.
However, with additional permutation in U.D. C., the document would have
been traced. In Alphabetical, a further more general search would have traced
the document under OSCILLATION - Measurement.
Eniries under AEROFOILS, OSCILLATING - Forces and moments, {with
equivalent entry in each system) would have traced the document at the first
search in all systems, instead of afier a very lengthy search in Facet,

{54) 48-13, With an article on the thermal siresses caused by transient
heating on the stiffness of various wing structures, the indexer made careful
entries under the types of wing siructure, e.g. ABEROFOIL SECTIONS, DOUBLE-
WEDGE; AEROFOIL SECTIONS, CIRCULAR ARC, and presumably chose these
headings under Aerofoil sections because she was unable to express the qualifying
adjectives under "Wings' {see section under incorrect indexing),

A simple entry under WINGS - stiffness, with the equivalent entry in each
gystem, would have traced the document without difficulty,

The document was traced in the Uniterm sysiem because of the indexer's
practice of including the terms in the title, as well as the terms indexed in other
systems,

{55) B4-11. A guestion on the investigation of flutter problems at high speed
remained uniraced in U.D,C. and Alphsbetical because of specificity of indexing
in these sysiems.

The article was one entitled "Aerocelastic problems in connection with high
speed flight", and consisted of a review of developments in the field of asroelasticity
in the last ten years. Ii is the type of article that is best treated by general entries,
as there is insufficient detail centained thereéin on any one particular development
to be of interest to an enguirer with a specific development in mind,



An entry in U.D. C. under 628,13, 012 {Aircraft siructures): 533.8.011.58
{Hypersonic flow), would have been adequate, plus the number 533.8.013. 42 _
{(Flutter). In Alphabetical PLUTTER, HYPERSONIC, would have been adequate,
with an additional eniry STRUCTURES, AIRCRATT - Flutier,

{¢} Incorrect indexing: -

T3 Personal evrors: -
{88). 84-11, During the indexing programme the indexers agreed that all

two-dimensional aevrofoils and wings should be placed at 533,692 {excent designated
ones at 83%.802.1) and all three-dimensional serofoils and wings at 533, 693.

Despite this agreement, one indexer gave the headings 'ARROFOILS! in Alphabetical,
Ce tAerofoils! in Facet, but gave the U.D. C, number 533. 692 Aerofoil sections, or
two dimensionsl aerofcils, in U.D.¢C. Becuase of this, the searcher, who

checked the 533,893 number, together with various combinations, failed to find

the document., U.D. O, was the only failure in the four search Programmes.

(57) 37-10. In indexing an article on starting flow characieristics of rocket
engines. the indexer, presumably because he did not check up the notation in the
schedules, placed 'Rocket engines' at (f {Gas turbine engines) instead of Gi.

He obviously intended the document to be placed under 'rocket engines!, as this
was incladed in his interpretation of the entry for the catalogue,

{58} 32-08. The indexer when indexing in the Facet system an article on
laxmninar flow, made the mistake of putting Nef instead of Ned, Had the error not
been made, the document would have been traced with the searcher!s second
search programme.

{59y 25-12, With a document on boundary layer transition in supersonic
flow around a 10" cone, the indexer made entries throughout the system, under
'transitional flow?, instead of 'boundary layer transition’. As the question was
"Boundary layer transition in supersonic flow", a very general one, the document
was not traced in U,D. C., Alphabetical or Facet.

In Uniterm, the search was considered a success as 'transition® and
ftransitional’ are the same Uniterms.

{60} 35-14. With a document on an investigation of a turbojet engine with
a variable exhaust nozzle, the indexer made eniries in U.D. . under 621.438.018.5
(Performance: Gas turbine engines) instead of 621.438.084.018.5 {Performance:
turbojet engines).

Algo in Facel, he made the same ervor by using Gf Gas turbine engines
Instead of Gg Turhojet sngines.

In Uniterm, the indexer also did not use TURBOQJET, although there is such
a Unlierm.

Presurnably these errors occurred because in Alphabetical, TURBOJET
ENGINES are included under the heading GAS TURBINE ENGINES,

{81} 39-12, With a document on low speed wind tunnel calibration of a
Mk 8A Pitot static head, the indexer in U.D. C., Alphabetical and Facet made
entries under 'pitot tubes?, although there was a specific place in each system
for 'pitot static heads’. As the question was "Pitot static head calibration”,
the searchers naturally insisted upon checking under ipitot static heads® in each
svstem. In Uniterm, the indexer did include 'statict.
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{62) 48-13. With a document on the thermal stresses caused by transient
. heating on the stiffness of wing structures, the indexer made entries in U.D.C.,
Alphabetical and Facet, under 'Aerofoil sections', presumably because in
Alphabetical, he was able to express ‘double -wedge! and 'circular arci. Better
entries would have been under 'WINGS' and 'STRUCTURES, AIRCRAFT!,

In Uniterm, these concepts were included.

{3} Insufficient number of eniries:-

{83) 48-13. From an article on the interaction of oblique shock waves with
laminar boundary layers on {lat plates, the indexer chose seven U.D.C. places,
which adequately covered the subject of the document. From these, he made
eight permutations only, bringing five of his seven numbers to the head of the
permutations. 'Shock waves! was used only twice, once in combination with
*flat plates' reading thus:-
Flat plates: shock waves: supersonic flow, and once thus:-
Shock waves: flat plates: supersonic flow.

'Shock waves! were never used in combination with "laminar boundary
layers!. If an eniry had been made, {o read - Shock waves: laminar boundary
layer: supersonic flow, the document would have been traced at the first attempt.

{64) 31-08. From an article on the servo-tab sysiem of control, the
indexer decided upon two U.D. C. numbers: 621-5Z Servo-mechanisms, and
533,694. 58 Tebs. ¥From these, he asked for only one entry reading - Tabsa:
servomechanisms.

He should also have inveried the two numbers, when the document would
have been traced.

{85} 68-07. An article on thermoelastic stresses in a thick walled
tube had four U.D.C. numbers allocated o it:

A, 821-482 - Tubes

B. 539,377 - Deformation

C. 536.495 - Thermal stresses

. 536.5 - Tembperature

Three entries only were made, each under 821-462 "T'ubes' as first entry.
If the indexer had included an eniry reading CA 'Thermal stresses - tubes®, the
document would have been traced. The questioner asked for thermal siresses in
a beody exhibiting temnperature dependent elastic properties, and so the searcher,
after two search programmes, checked the whole of the section under ‘thermal
siresses’.

{88) 67-09. In an article on the heat transfer of a wedge in a supersonic
wind tunnel, the indexer chose five U.D.C. numbers which adequately covered
the subject of the document. From these five numbers, six entries were made,
four of them beginning with '"Wedges!. The question referred to supersonic fler
over a step which prompted the searcher to make the first search programme
"Boundary layer separation: supersonic flow?, If the indexer, who included
these two concepts in his indexing had made an entry reading - 'Boundary

layer separation: supersonic flow: wedges!, the document would have been
traced.
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{67) 58-08. The indexer who indexed an article on the corrosion
resistance of stainless steel plates, chose the correct U.D.C. numbers to
cover these three concepts, but, agaln did not make sufficient permutations,

He chose four combinations of the numbers, but did not make an entry reading -~
Stainlegs steel; corrosion by inorganic acids., He did however, make an eniry -
Corrosion by inorganic acids: stainless sieel,

As the guestioner asked for materisl on the corrosion-resistance controls
on the production of stainless steels, the only sure way of finding the information
wag {0 approach it via *stainless steels’ + 820,193 onwards {which would include
all subdivisions of corroaion).

The indexer should have realised that thiz tyvpe of approach could be made.

{88) z1-08. With an article on the use of a potential analyser to give the
pregsure distribution on thin wings, the indexer chose the U. 1. €. numbers
most appropriate {a little difficulty in placing ¥potential analysert), but did not
make sufficisnt entriss,

The question referred to floadings’, which is the more general section
under which 'pressure distribution' is placed. Therefore, the searchers! best
approach was via 'wings: aerodynamic loadings? {which would include pressure
digtribution),

If the indexer had made an entry to read - '"Wings: oressure distribution!,
as well ag the entry ‘pressure distribution: wings!, the document would have been
traced.

{69) 50-08. In an article on the effect of thickness, camber and thickness
distribution on aerofoil characteristics at Mach numbers up to 1.0, the indexer
chose six U.D.C. numbers but only asked for seven eniries. The indexer also,
in three entries. put four U.D. . numbers together - causing a very long
notation, which is quite unnecessary.

If the indexer had made the following eniry - 'Aerofoil sections: transonic
flow: forces and momenis!, the document would have been traced.

{70) 23-13. With a document on the application of similarity rules for
transonic flow past slender bodies of revolution at zero incidence, the indexer
made eniries under:

A 533,696.4 Cones
B. £33.6.011, 35 Transonic flow
C. 533.686.5 Bodies of revolution

The permutations suggested were ABand CB. Although it i8 not usual
practice to make entries under speed of flow, in this particular document,
where the similarity rules for transonic flow were discussed, such an entry BA,
and BC, should have been made.

Ag the question asked for maiterial on transonic similarity {laws and
methods), with no other concepts, the only place possibie for the searcher to
try wag 533.8.011. 35,

{71) 33-15. With a document on magnetchydrodynamic hypersonic flow
past a blunt body, the indexer did not make sufficient permuations, to enable
retrieval via 'blunt bedies! and thypersonic flow' only. {The master card is
missing, but ag the indexer made entry under BODIES, BLUNT, HYPERSONIC -
Flow, in Alphabetical, one presumes that the same concepts were included in
U.D.C. Therefore the reason for failure must be due to lack of permutation),
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{72} 37-14 A document on the lubrication of journal bearings had the
following places chosen in U.D.C. :

A, 621.822.5 - Journal bearings

B. 533.69.048.2 - Pressure distribution

C. 621.822.5-72 - Lubrication. Journal bearingsa.

The permutations made by the indexer were AB and BA. The concept C
was ignored entirely. As the question asked for material on axial variation
of pressure in the lubricating film of bearings, the searcher concentrated on
‘lubrication' and 'bearings'. (The searcher could have used ' pressure
distribution and bearings' as a2 search programme, but this is considered late).

{73) 38-13. In a document on the welding of titanium sheet, the indexer
made the following entries:

A, §21-415 - Sheet

B. 689, 285 - Titanium

. 621.791.765 ~ Fusion welding

with the permutations ABC : BAC : CAB : CBA.

The question {which actually misprinted !steel' for 'sheet!) asked for
"Satxsfacmry welding conditions for experimental production joints in steel
titanjium". Ignoring the typing errors the document should still have been
traceable from "titanium® and 'welding?, i.e. 668.285: §21.791 +. With a further
permutation BCA, the search would have been successful.

{(74) 38-11, A document on wind tunnel observations of boundary layer
transition on two sweptback wings at a Mach number of 1.61, was untraced,
again through lack of permutation. The indexer chose the following places:

Al 533.683.1 - Eweptback wings
B. 532.528.3 - Boundary layer transition
C. 533.6.011.5 - Supersonic flow

with the permutstions ABC and BAC.

The guestion "Method of detecting boundary layer transition in supersonic
flow", gave only two concepts for searching. Therefore, if the indexer had made
a permutation under BCA the document would have been iraced.

{78) 54-12. With a document on the bursting speed of a rotating plastic
dise, the indexer made entries undeyr:

A, 621-415 ~ Plates

B. 538.214 - Plasticity

C. 531.15 - Stresses

. 538.319 -Stresses due to technical operation.

The permutation read BAD : DAC : ABC : CAB. A further permutation
AD, would have been consistent, and would have caused a success by one of the
searcher's search programmes.

{78) 55-14, A document on four methods of measuring the properties of
a supersonic boundary layer on flat plates, had the following entries:

A, 532.526.4 - Turbulent boundary layer

B. 533.6.011.5 - Supersonic flow

C. 533.692.4 - Flat plate aerofoil sections.

with permutations ACB : CBA.
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The question "Method of measurement of supersonic boundary layer
flow", gave only two {or almost two) of the conecepts indexed. One of the
searcher's programmes, under "Turbulent boundary layer: supersonic flow?,
would have revealsd the document if permutation ABC had been made.

{77y 56-13, A question "Base pressure behind circular cones at sbout
M=3", was based on a document on the behaviour of flow behind 4 blunt base
in supersonic flow, and the resulting interaction between shock waves and
boundary layers. The indexer made the following eniries:

A, 533.6.0156.5 ~ High altitude

g, 533.69,048.2 - Pressure distribution
C. 533.8.0%1 -~ Wind tunnel tests

D £33.896.5 ~ Bodies of revolution

with permutations BAC ; DAC,

" As there was only one concept in common between the question and the
indexing, the searcher had difficulty but if a permutation BD had been made,
it would have been possible for her to have looked under 533, 83, 048, 2:533.6986+,

{78) 58-15, A question "Theoretical caleulation of flutter of a cone at
hypersonic speeds' failed because the cone was only one of the many aerodynamic
shapes mentioned in the article, If the indexer, who made the following entries:

A, 533.6.011.53 - Hypersonic flow

B, 533.6.013,422 - Pluiter

C. 533.892 - Aerofoil sections
{with permutations CBA BCA), had included a permutation BAC, the document
should have been traced via the concept flutter: hypersonic flow: aerofoil shape
{533.692+)1,

{79} 860-12. Although 12 permutations around 8 U.D.C. numbers were made
for this document, it remained untraced. The document was on wind tunnel tegts
of damping in pitch of two-wing-body combinations, one with a triangular wing
and the other with a straight, tapered wing. The question was "Does damping in
piteh of wing disappear at transouic speeds".

If the indexer had made an additional permutation under 533.6, 013,15
(Pitching moments): 533,693, 35 (Rectangular wings), the document would have
been traced at the searcherts third search programme.

{80}  72-14, A document on the strength in compression and tension of an
aluminium alley exiruded angle to specification BS. L. 85, had the following entries
made:

A 669, 715-135 (B. 5. L.65) Aluminium alloy extrusion B.8, L85
B. 620,172 - Tensile testing '
C. 620.173 - Compression testing

D. 621-423 - Angle sections
with permutations AB : AC : ADB : ADC : DAB : DAC.
The question was "Tangent modulus for B.S.L85 material in compression®,
Due to a mistake in indexing the type of alloy, {discussed elsewhere), the document
was not found by that approach,
- If however, there had been permuation under CA, the document would have
been iraced by the searcher's approach in ‘Compression tests: aluminium alloys!.
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{81} 22-07. With an article on the effect of leading edge slats on the
aeradyaamic characie msmcs of a 45 swepi-back wing fuselage combination, at
Mach numbers 0.4 to iz plenty to Index. In the Facet catalogue,
unless a de‘aaﬁed que sked in the same terms as the indexer indexed
the document, such & guestion involves a long search, It was thought, later on
in the indexing programme that shorier and more numerocus entries would ba
move helpful than single, detailed eniries.

In this particular failure, the indexer made an entry of nine elements,
which, agreed, adequately indexed the document. If, however, he had made
iwo entries instead of one, the document would have bean traced, by the
sgarcher's first programme.

AL
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{82 With an article on the air conditioning and pressurisation
Foireraft cabing, the indexer, in Facet, did not include an eniry under

{ "Pressurised cabins'. He did include ! air conditioning of cabing! at Edb

ig. Had the extra eniry been made the docwment would have been traced without

difficulty.

le} Careless indexing -

{1} Pergonal errors: -

{83} 20-0s8. With an article on ablation and heat transfer on the nose region
of a body, the only eniries made in U.D. C., Alphabetical and Facet covered
¢ and fcocling'. However, in Uniterm, the indexer included 'blunt' and
¢of, 80 he obviously realised that this aspect was important. This should
have been added to the three other systems, and would have constituted & success
in Alphabetical system.

In U.D.C, the document was traced under 536,422, 1 *Ablation?, but to find
it, the searcher checked the whole system.

In Facet, it was {raced via the chain index under Tsublimation’ {there being
no place for ablation) at the fourth search programme.

In Uriterm, it was traced under 'Heat transfer’, 'Cooling' and 'Rodies?t.

{84) 21-08. With a report on the design and testing of an axial compressor,
the indexer, except in Uniterm, ignored the concept 'design’, and made eniries
under faxisl corapressors?, 'pressurve distribution’, temperature!, andftests’.

The document was found in U.D.C. by the searcher checking 'Performance
of axial compressorst at 821,488.031.3.018.5. In Pacet, it was traced by the
sear cher checking the whole classified section under Gwd and then the chain index.
In Uniterm, the terms 'Compressors!, 'Axial’, tPerformance’ and 'Stages! were
retrieved. In Alphabetical, however, COMPRESSORS, AXIAL - Performance and
COMPRESBORS, AXIAL - Design, drew 2 blank. Therefore, if the indexer had
included 'design’ in U.D.C., Alphabetical and Facet, or included 'performance?
in Alphabetical and Facet, the document would have been found at either the first
or second search in Alphabetical,

{85} 21-09. In an article on the corrosion resistance of stainless steels,
the last aspect was included in U.D. C., Alphabetical and Uniterm. However,
in Facet, the indexer limited his eniry to Pf 'Steels’. The question demanded
information specifically on stainless steels, so, naturally, the searcher decided
that he would search only Pfcrmi 'Stainless steels! in the chain index.

If the indexer had been consistent, and included the term 3Stainless steelst
in the Facet system, the document would have been traced at the first attempt
without difficulty.
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{88) 24-08. In the U.D.C. entries for an article ¢
a swepthack wing alrcraft, the indexer in ad the aspect 'Bweptback wing! in
all systems but U.D., C. [the only failure). If this had been included, the
document would have bean traced ai the first atiempi.

{87} 24-98. In an article on lifting pressure and damping in roll of sweptback

aerofolls at supersonic speeds, the aspect ‘damping', was included in all systems
Favet. If the indexer had been consistent the document would have been traced

r the searcher's third search programme.

{88} 25-08. From an article describing an electrical device for measuring
the downwash distributions, the questioner phrased his question "Electromagneiic
analogy for downwash”, In only Uniterm did the indexer include 'analogy!, and
this was the only system successful. If 'snalogy’ had been inciuded in the other
three gystems, or more specifically 'Eleciromagnetic analogy!, the document
would bave been traced in all the other systems.

{89} 26-08. In a document which clearly refers to the mechanisms by which
hydrogen enters stesl, the indexer omiited to include *hydrogen® in the Alphabetical
system, causing a failure. As the question referred {¢ 'metals?, instead of more
specifically *steel’, the searcher could only approach the question via thydrogen’
and to have checked through all types of metal would have been unreslistic.

{90) 26-07. An article on reverse flow theories had sufficient information

on the effect of supersonic flow for the indexer io include it in Alphabetical,

U.D.C., Uniterm, but it was omitted from Facet. As the question read

"Reverse flow theories at supersonic speeds”, the searcher insisted on *supersonici.
If this had been added by the indexer, the document would have been traced under

the first search programme in the searching of Facet.

{81) 27-07. With an article on the calculation of vibration on different
types of cylindrical beams, cantilever and of rectangular cross-section, the
indexer indexed all these concepis only in Uniterm. As there is no subdivision of
624.072.2 Beams, under shapes, in U.D.C., the document was {raced, from a
guestion demanding material on transverse oscillation of cylindrical beams.
However, in Alphabetical and Facet, where there is provision for cylindrical beam,
the searchers insisted on this aspect, therefore the document remained uniraced.
Had the indexer included fcylindrical! in all the systems, the result would
have been a success,

{92} 27-10. With a detailed paper on flame stability in ducts, an imporiant
section dealt with the stability of propane air mixtures. This was noted by the
indexer, who included fpropane! and 'gaseous fuels' in Uniterm and Alphabetical
systems. ‘'Gaseous fuels! was included in Facet, but not ‘propane!, and neither
were included in the U.D. . system - although there was allowance in the schedules
in each case. If the indexer had been consistent in all four systems, the document
would have been iraced.

{83) 30-08. In & paper on the unsteady laminar boundary layer on a flat
plate, the indexer, presumably through carelessness, omitted to include 'laminart
a8 a Uniterm. He could also have added ‘unsteady', although this is the only system
under which the adjective could have been included. If this had been done, the
document search would have been successful.



{94y 31-08. The indezer who index
investigation of siress conceniratio
included the concept ‘photoelss

i riicle on a photoelastic
due to small {illets and grooves in tension,
Vi LD C., Alphabetical and Facet gysiems,
and ignored 1t in Uniterm. I this had been included, the document would have
been traced. Also, an =y uﬁder the general heading 'PHOTOBLASTICITY in
Alphabetical would have enabled the search o ke a success,

{387 2 mz@a With an article on ram-air cooling systems for aircralf
geuerntors, the indexer omdited to include "cooling systems? o U.D.C,,
Algheb Wi or Pacet, and in none of these systems was the document iraced,
The md%xeg included $Cooling’ in these three 8y rstems, but this was not sufficient.
Had entries been made in U.D.C., 621-712, instead of adding ~-712 to the number
for generators, therefore, waaamg 821.313. 12:822--‘?22 -~ Generators - Cooling

< nverted, §21-713:821.313.12, Cooling - gensrators, the document would
¢ been traced. In Alphsbetical, an entry COOLING S8YSTEMS would have been
ulficient, and in Facei, the addition of Gt {o the original eniry would have made
2 puecessful search.

3]
L
e {3
o g
w‘!

{88) 33-07. With an article on the effect of stress freguency and temperature
on the fatigue of metals, the indexer, excep! in Uniterm and Alphabetical, ignored
the concewnt 'metals!., The document was traced in U.D. L., by checking under the
whole section of fatigue at 539-431, which was a rather oo zealous search. In
Alphabetical, the document was traced under '"METALS - fatigue’. Facet, however,
failed o retrieve the document, because of the omission of Pe - Metals. If this had
been included, the document would have been traced. The addition of 669 in U.D.C.
would have decided a successful search at the first attempt.

{87) 39-07, The indexer omitted to include !solid propellants! in U.D. C.,
Alphabetical and Facet, when indexing an article which included material on solid
propellants, as well as material on the design of rockets. He realised the
importance of this aspect, a8 he included it in Uniterm. Had he not omitied it in
the other three sysiems, the document would have been traced.

{98} 41-07. An article on 3 method of optimising aivcraft auto-stabilizer
gystems wes badly indexed. The indexer made an entry under STABILISERS,
and ABRROPLANES, PILOTLESS, in the Alphabetical system, but did not ineclude
these concepts in the same form in U.D.C. or Facet. Insiead, he entered
1gtability of control surfaces'., Had he been consistent, the document would have
been traced. In Uniterm, he included 'Pilotless! and 'Stabilily®, but these were
the only concepts of the guestion to be traced. Therefors, the search was not
considered successful.

{69) 46-07, With an arvticle on supersonic flow about slender bodies of
elliptic cross-gection, the indexer includad felliptic! in U.D. C., Facet and
Uniterm, but ignored it in Alphabetical. If an eniry had been made ynder
BLLIPSOIDS, the document should have been iraced with adequate searching.
This aspect was included in Facet, which also failed fo retrisve the document,
but because of inadeguate searching,

{100) 51-08, . Awn article on a method for the deflection analysis of thin low-
aspect ratio wings was not retrieved in the Alphabetical system because the
indexer, although including the essential concepts, did not enter 'aspect ratiof
as a subheading under WINGS, although this was allowed.
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In the Facet sysiem, the indexer did not include 'Low' {Zqj), although there
is provision for the adjective in the schedules, It was included in Uniterm.

{101} 54-07, The feailyres in this question are rather complex. The indexer
omitted, in all systems, to include 'Redux bonding', although the article was on
stress fatigue tests on a redux-bonded and riveted double strap joints in 10 SWG
aluminium alloy sheet. Had this aspect been included, the document would have
been traced in the U.D. C. catalogue at the second instead of the fourth attempt.
In the Alphabetical catalogue, 2 new heading, JOINTS, BONDED, ALUMINIUM
ALLCOY, would have heen necessary. In Facet, the addition of Qkf Redux bonding, would
have enabled the document to be iraced.
Other reasons, discussed elsewhere, zlso contributed to the failures,

{102} B80-07. In the Uniterm system, the addition of fnetworlk?® {a recognised
Uniterm), would have constifuted the search a success. The article was concerned
with eleciric networks and circuits. The failure in Facet was due Lo the search
programme,

{103} 6&8-10, in an article on the effect of turbulent spets on boundary layer
transition, ii was not traced in the Facet caialogue because the searcher did not
include *Turbulence’ at Ojp, although this aspect was included in the other three
aystems, In all of which the document was traced.

{104} 71-08. In o paper on air conditioning of aircraft, a major section of the
paper was concerned with air conditioning systems for the cabing. The indexer forgot
to include "Cabing® in his indexing under the Uniterm system. If this concept had been
included, the documeunt would have been traced.

{1958} 72-07. In an article on the design of a hypersonic wind tunnel, uging
ammonia-oxygen ag a working fluid, the indexer omiited to include *hypersonic
flow? in his Facet indexing. If this concept had been included the document would
have been traced at the third attempt,

{108) 75-08, The indexer did not index the concept *shrinkage’ in any system
other than Uniterm. In U.D.C., the document was traced at the fifth attempt under
*Plastice - high temperature! at 678, 5: 538.45, If 'shrinkage? at 620.192. 52 had
been included in the indexing, the search would have been succeseful at the fourth
attempi.

The inclusion of *shrinkage' in Alphabetical would bave made no difference
to the fallure because of the bad search programmes. In Facet, the document
would have been {raced at the third attemnpt.

{107) 20-14. With a document on the adhesive bonding of magnesium alloys,
the indexer in U.D. C. made.an entry under 669,731, Magnesium, instead of
669.721.5 Magnesium alloys, although Smagnesium alloys' had been included in
all other systems.

if the correct entry had been made, the document would have been traced.

{108} 25-12, Tne concept 'density? at 533.12 was omitted from the U.D.C.
entries for a document on the effects of density fluctuations on the turbulent skin
friction of an insulated flat plate, alithough the concept was included in all other
systems. The concept was one necessary io the search programmes, and so the
document remained untraced in UJ.D.C,
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{109} 28-15. A document on the manufacture of stainless steel honeycomb
structures had no entries in ¥.D.C., Alphabetical and Facet under 'stainless
steel!, although this was included in Uniterm. Because of this omission
the document was n in any of the three systems. The question was "Use of
stainless steel in alrcrall

{11G) 28-13. in an article on the effect of delta vanes on lift of wings in
supersonic flow, the indexer did not include *1H1* at 533. §.013.13, although this

icept had been included in all other systems. As the guestion asked for material
on the lift of supersonic wings, the document remained uniraced.

{11

ot

Voo29-14, A doenment on the design details of a precision polentiometer
4 ratiometer instrument suitable for use in setting up analegue computers,
sa8 indexed in U.D. ., Alphabetical and Facet only under tPotentiometers?,
The concept of ‘analogue computers! was included only in Uniterm.
As the question asked for methods of obiaining accuracy on analogue
computers, the decument wasg not found except in Uniterm.,

{112} 30-11, In an article on iransport alveraft suitable for use to carry
fighter planes, ete., the indexer included the concept firansport aircraff? in all
systeme but U.D.C. If an entry had been made at £20.138. 5 {Tronsport airceraft)
the document would have been traced at the third attempis.

{113y 32-13. With & document on the study of turbulence, the indexer included
eniviss in Uniterm under Turbulence?, but not in U.D.C. Alphabetical or Facet.
¥f these entries had been made, the document would have been traced without
gifficuity.

{114} 41-14. A doecurent on corved shock waves in three-dimensional ges
3
flows had a guestion "Expression for vorticity veciors behind the shock waves in
¥y
three dimensional gas flow’.
The conceptivorticity’ was excluded but formed a part of the first seavrch
programme. Therefore, if the entry had been made under 532,527, the document
would have been iraced.

{118) 43=-11. With an article on a mathematical theory of boundary layer
transition and fully developed turbulent flow, the indexer included the concept of
shoundary layer transition® only in Alphabetical. Had it been included in the
U.D.C., Facet and Uniterm, the document would have been traced.

As the guestion was ""Pransition from laminar to turbulent motion”, the
searcher had no other concept from which to search, other than by checking
through the whole sections under ‘laminar! and also Yturbulent flow?'.

{116} 48-11. With a document on aerodynawmnic characteristics including
pressure distribution, on wing~body combinations in subsonic flow, the indexer
did not include "pressure distribution’ in either U.D.C. or Facet. If this had
been done, the document would have been traced under 533.60.048.2 ; 533.685.12
with U.D.C., or Ca Cd Ea Nvf with Facet.

{117y B1-11. A guestion on "Cooling a supersonic airstream by liquid
injection", failed because only in Uniterm did the indexer inciude the concepts
of Tcooling? ‘liquid injection!. In the three other sysiems, he included only
tpressure recovery® diffusers’ and igupersonic flowt,

An entry under COOLING, LIQUID, would have been successful in Alphabetical,
For Facet the entry should have read Hrm Nbk Ste{Prel.
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{118) 54-11. A document on the range performance of aircraft, failed
in U.D.C., because the indexer omitted the concept 'Range’ in both U.D. C.
and Alphabetical. The document was traced in Alphabetical by checking under
the heading PERFORMANCE - Calculation.

If an entry had been made under 533.8.015.74, the document wauld have
been traced. '

{119) 60-12. In a document on the damping in pitch of wings in transonic
flow, the indexer omitted to include the concept of 'damping® in U.D.C. Had
this been included, and attached to 533.6.013.15, the document would have
been traced.

{120} 866-13. A document on the behaviour of 2 supersonic jet, representing
the flow of exhaust gases from a rocket motor, is studied. The indexer made
entries throughout the system on jet mixing, but in only Alphabetical and, of
necessity, Uniterm (because one can take out only the Uniterms required), was
the aspect of vibration of supersonic jets {as apart from jet mixing) included.

The question was "What is the ultimate width of the jet of a supersonic
rocket”, and so, the approach was via jets + supersonic flow.

An entry in U.D.C. under 533.697.4 Jets {Internal Aerodynamics) would
have enabled the document to be traced.

{121) 67-12, An article on the calculation of pressure loss in baffles
used for flame stabilisation in combustion chambers, failed in U.D.C., because
the indexer did not make an entry under ‘baffles’ at 621-712.2. Had this been
done, the document would have been traced,
Also, a failure in Facet because of the same concept omission.

{122) 67-13. A difficult question on the pressure distribution on the upper
surface of a 6% thick RAE 101 section with long bubble, could have traced the
document, if the indexer had included the concept in U.D.C., of bubble! at
532.62 {(see alsolater section}, and in the Alphabetical and Facet.

The failure was also due to searching in that the searcher also ignored
the concept of bubble in all systems.

{123} 20-15. A document on the design of turboprop transport aircraft
was indexed under 629.138.5.001.1 Design. Transport aircraft, but the concept
tTransport aircraft! was omitted from Alphabetical, Facet and Uniterm.

In Alphabetical, if an entry had been made under AEROPLANES,
TRANSPORT, the document would have been traced.

{124) 31-14. A document on an electrolytic tank as an analogue computing
machine for factorizing high degree polynomials, failed in Alphabetical,
because the indexer did not include EQUATIONS, POLYNOMIAL in Alphabetical,
A different searching technique would have traced the document, but this is
discussed later.

{125) 32-12. A document on the aerodynamic characteristics of a family
of slender wing-tail-body combinations remained untraced in Alphabetical and
Uniterm because the indexer omitted to include 'tailplanes!, in these systems.
As the question asked for material on the drag of tail units behind swept wings
around M = 1, the searchers naturally insisted upon 11ail units! as a concept
for searching.
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An entry in Alphabetical reading COMBINATIONS - WING - FUSFLACGE -
TAILPLANE - Forces and momerds, would have enabled the document to be
retrieved. Uniterm merely required the additional entry for "Tailplane’,

{126) 70-14. 4 document on the machining and press-forming of panels
used in aircrafl structures had the conecept Ymachining' and 'panels! indexed only
in¥.D.C, and Uniterm. If these concepis had been included in the other two
systems, the documents would have been traced. Therefore an eniry reading
PANELS - Machining, would have been adequate.

In Facet, an entry Ffh Qg Maching: Panels, would have resulted in a
successful first search,

{127y 23-13, A document on similarity rules in transonic flow, remained
untraced in Facet, because the searcher would not check through the whole of
Mbj Transonic flow, also because the indexer could have included 1Similarity
parameterst at Nj. ' :

Therefore an entry Mbj Nj Similarity parameters: Transonic flow, would
have enabled the document fo be traced, with better searching.

{128} 31-11. A similar case to (127). If the indexer had included an entry
under 'similarity parameters’ at Nj plus Nbm Hypersonic flow, the document
would have been traced from the question "Hypersonie similarity law for slender
bodies™. The concept of ‘Similarity rules was included in all other systems.

{128} 41-11. With a document on the drag of aerofoil sections and thin
wings, the indexer ignored this concept entirely in Facet, and concentrated on
another aspect of boundary layer in hypersonic flow on flat plates. If an
entry under CA{IviNr Drag: thin: wings, had been made, the document wounld have
been traced.

{130) 62-13. A document on the deflection and twist of 2 sweptback wing
bomber in rough air, was not traced in Facet, partly becauge the indever omitted
from this system, the concept of 'gust loads!., Had this been included at Cd{libb)Ng
Gust loads: sweptback: wings, the document would have been traced via the question
"Spar deflection of a swept wing measured in flight through gusts'.

{131) 24-12. With 2 document on cavitation flow in pipes, the indexer included
the concept 'pressure! in all systems but Uniterm. As the guestion was on pressure
drop of flow in pipes, the searcher did not cousider that sufficient Uniterms were
retrieved without ‘pressure’.

{132} 38-13. With a document on the welding of titanium sheet, the indexer,
through carelessness, did not include either of the concepts, although there were
adequaie entries in U.D.C. and Alphabetical.

{133} 41-12. A document on the mechanical design of a gas turbine was not
traced in Uniterm because the indexer omitted 'design’, although it was included
in U.D.C., Alphabetical and Facet, :

{134) 43-14. A document on the tensile and fatigue properties of the
Nimenic alloys at high temperatures, failed because the indexer, through
carelessness, omitted io include NICKEL ALLOYS and HEAT in Uniterm. As
the gquestion asked for information on nickel-chromium based alloys, the searcher



ingisted upon this concepi.

(135) 45-11. if the indexer in Uniterin had included ihe concept
idownwash!, in a documeni on the asrodynamics of wings and wing-body
combinations, the searcher would have considered the search successful.

Although this concept wag also omitied from Facet, the document was
traced by the searcher checking in the classified catalogue under Cd Nbk
Supersonic flow: Wings.

{138} 486-11. Caresless indexing of Uniterm, by the omission of *Vertical
take -off’ and "Aircraft’, caused this document not 1o be found. These concepts
had been included in the other systems and as the docwment was entirely concerned
with VIT'OL Alrcraft, the additions should have been made.

{13%) 48-12. A document on trajectories of various bodies of revolution
remained untraced in Uniterm because the indexer omitted 'trajectories! from
his list of Uniterms. As the guestion was "Stable trajectories for re-entry of
high altitude rockets", the searcher felt thai this concept was essential,

{138) 50-13, An article entitled "Minimum for problems in vertical and
horizontal rocket flight' was indexed in the other thres systems under 'Rocket
propulsiont, or fthrust of rocketi engines?. These concepis were not included
in Facet. With more careful indexing, the document would have been traced.

50-14. A document on shaft gas turbines for helicopters had
tefficiency’ or 'nerformance’ included in Alphabetical and Facet. As thelicopters®
wae the only Uniterm to be successful from the question "Data on fuel consumption
of helicopters in relation to payload", the document was not found,

)

4] Liack of entry in indexes to schedules:-

{140) 53-086. In an article on the range of applicability of the transonic
area rule, the indexer included 'area rule' as an Alphabetical heading, as
Uniterms, and at 533.6.013.122 in U.D. €. As there was no entry in the index
to the Facet schedules, under 'area rule!, the indexer presumed that there was
no place for it, and so entered the article under 'drag! at Nr plus reciangular
wings and wing-fuselage combinations, as the nearest possible place.

However, the searcher tried the chain index {o Facet, and discovered an
entry Area rule Oef, and therefore limited his searcher io the cards included
there. If there had been an eniry in the Alphabetical index to the schedules, or
feedback of the index to the semi-completed catalogue, this error would not
have arisen. :

{141) 47-15. Because of a2 missing enitry in the Alphabetical index to
U.D.C., under 'Liguid metals!, at 669-154, and another under 'Solidification®
at 536,42, the searcher for a question on "Solidification of metals in a c¢ylindrical
mold”, was unable to go further with the search. If the Alphabetical index had
been correct, the search would have been very simple.

{142) 68-11, A document on carbon deposits in combustion chambers of
gas turbine engines was indexed accurately at 621.438,.019.942, but, as there
was no entry to this number in the Alphabetical index to U.D.C., the searcher
was unable to find the required place in the U.D. L. catalogue.
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{143) 70-13. A new subdivision of 621.45 (Rocket engines) was used In
indexing a document on turborocket engines, s0 one presumes that the number
621.456 was intended as the place for turborocket engines. However, no eniry
was made in the Alphabetical index to the U.D.C. schedules, and so the
document was not traced.

{144} 75-12. A question on the corrosion resistance of aluminium-copper
alloys was not traced in U.D.C., and one of the reasons was that there was no
entry in the Alphabetical index to the U.D.C, schedules under "aluminium-copper
alloys! at 668.715.3, although that number had been used.

With the correct eniry the document would have been traced. Again, in
Alphabetical, a new heading was devised under ENGINES, TURBOROCKET.
Later, this was included under ENGINES, ROCKET, GAS-TURBINE, but as
there was no 'see’ reference, the searcher was not directed to the correct place
in the catalogue.

{g) Lack of cross references: -

(145) A question which failed in all four systems was "What is meant by a
tmoulded harness’’. Asg the searchers had no idea where to start the search
except by attempts under 'safety harnesses' the document remained untraced.

Actually, the subject of the document was a new development in the
protection of electric wiring for aircraft,

The only possibility of success in any system, other than knowledge of
ihie term, would be to have 'see? references in the index to each system from
‘moulded harness, see ...... 5,

3. SEARCHING FAILURES

{a)} Lack of understanding:~

{148} 40-06, With a question on boundary layer shock wave interaction,
the searchers in U.D.C., Alphabetical and Uniterm decided that boundary layer
separation would be the result of the interaction, and accordingly included this
aspect in their search programme. In each case, the document was traced.
The searcher in Facet, however, did not think sufficiently, and checked only
the words of the question.

{147) 53-08, With a question on the measurement of heat transfer between
concentric cylinders the searchers in U.D.C. and Facet failed to trace the
document because they did not connect the guestion with the problem of flow in
channels, under which the document is indexed.

The searcher in Alphabetical thought of this aspect, whilst in Uniterm,
'parallel plates' was brought out, and so constituled a success. (See also
{152)).

{148) 54-07. With a question on the fatigue strength of Redux bonded
10 SWG aluminium alloy sheets, the first consideration was that the question was
rather misleading, as the document was actually about fatigue tests on joints,
However, on second thought the inclusion of ‘bonded! in the question should infer
that some form of join was caused to the aluminium alloy sheeting. Hence
tjoints! would be a logical place to search. In the Alphabetical catalogue, the
searcher did not try this aspect, nordid the searcher in Facet. Had this aspect
been chosen in the first search programme for each system, the document would
have been traced immediately.
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{148} 80-07. With a guegtion on the transient response of ladder
networks, the searcher in Facet tried only 'transient' and 'response’ in the
chain index. He did not think of checking under circuits, as there is no
place for networks in Facet. In Unitevm, the searcher did not think of circuits,
either.

{150} @&7-09. With 2 question on thermal stresses in a body exhibiting
temperature dependent elastic properties, the searcher in Alphabetical tried all
combinations of the words used in the guestion, but did not try 'Thermoelasticity’,
which should have been the nexti logical step. Had this been done, the document
would have been traced.

In U.D.C., there is no place for thermoelasticity, and so ‘thermal siresses!
at 536.495 plus 'Elasticity’ at 538,377 was used. However, as neither of these
concepis were br ought to the head of the entry, the document remained unirsced.

{151) 77-06. The question on the performance of engines with liquid
injection was misunderstood by three of the searchers. They tock the ! liquid
injection! to refer to fuel injection, when, in actual fact, it referred to water
injection.

A fourth searcher, in U.D.C., found the document from his firsi search
programme, under 621.438. 057, 3 (Water injection systems. Gas turbine engines).

{182} 177-10. The question on the mean temperature in 2 cylindrical tube

" due to heat transfer by laminar flow, the searcher in Alphabetical, as with
question 5308, failed to relate this problem te flow in channels, under which
the document was indexed.

{183) 79-06. With a qguestion on the effect of Reynclds number on measure-
ments of pitching moments at {ransonic speeds, the searches in U.D.C.,
Alphabetical and Uniterm were failures because the searchers did not take the
next logical step from 'pitching moments', to ‘longitudinal stability’. In Facet,
the searcher did think of this aspect, and so0 iraced the document.

{154) 30-12. The searchers when presented with a question "What is meant
by a 'moulded harness'’ had no idea of where to start the search. Perhaps a
searcher with elecirical engineering knowledge may have been able to associate
the guestion with a new development in elecirieal wiring.

{155) 31-15. A question on impact loads on hydro-skis en aireraft failed
partly because the searchers limited their search programmes to headings and
numbers containing 'hydroskis!. {For another reason, i.e. had choice of heading
in Alphabetical, see 4d).

If the séarchers had considered the connection between impact loads and
landing, the document cculd have been traced in U.D.C., Facet and Uniterm,

In Alphabetical 'landing! would be hidden on a subheading, and so would have ‘
been useless as a searching concept.

(158} 36-14. The searchers in all systems did not think of checking under
ideflection!, from the qucstion "Bending of anisotropic plates”, when the concept
bending' did not trace the document. Instead, the searchers tried 'buckling' and
istresses!.

' Had this concept been included in searches in all systems, the document
would have been traced.
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{187) 38-14. A question "Means by which the pilot of a military aiverafi
may achieve the maximum possible tm}.e in eombat from his aircraft'™, had an
unimaginative search programmes. Although the question was rather ambiguous
{id}, the searchers should have thought through the guestion to the sone cept 'ranget,
Had this been done, the dacument would have been found in all sysiems,

{158} 65-13, A guestion on Reynolds stresses in two-dimensional parallel
aoundawv Idvnr failed in Alphabetical, because the indexer accepted the ferm
pavallel houndary layer! and di i ot think of looking under ‘parallel flow!. The
ecncept ‘parallel? if used in all four searchers, would have enabled the document
to be traced {except in U.D. C., where there is no place for ‘parallel flow!),

(b} Fallure to usge all the concepts given in the guestion:~

{158) 25-08. With the question on the comparison of heat transfer theories
inforced non~isothermal convection over arbitrary surfaces, the searcher failed
i use any concepts - in fact, he did not a attempt 2 search programme because of
the g..nerallty of the question, and the number of entries in the chain index he
would have needed to check to find the document.,

As it happens, if he had checked under forced convection!? in the chain index,
he would have found eighteen entrias, amongst therm the docnment he was searching
for.

\; ?3 } 41 -0y, /‘as i tion 26-08, the searcher refused fo search for this
i th were t00 many entries under 'heail transfer?

“"Qem pt a sufzax(:in I}; this be was wrong. The guestion asked for material on

a‘ﬁ: transfer coeffic mm.,, and tem ture recovery factors at Mach numbers of

? Ga. l’i he had assgessed this que estion care mlly he could have obtained three

concepts: ,‘z.’vf’iea:a*ur?m ﬁs {which he would not bave checked), Heat transfer:

Bupsrsonic flow. On chec m t} e chain index directly under these two concepts,

21 cards were traced 1 the required entry second. Admiitedly, for a

full search, the gearche td have needed to check all cards under § heat

transfer' that contained rgonic féawﬁ on the card, but the first checking

In the chain index would hfwn been a reasonable attempt.

{E.ﬁ:é.} 4607, /ith 2 question on pressure distribotion on ell liptic cones

&t aupersonle velac the searcher in the Facet system did not use ’a% e concept
5531%1@ ict. If he had c‘zg ne 80, the document would have been traced, In the search
gragzﬁamnms for the é“dph"{‘imucal and Uniterm systems, tlw concept was used.,

In U.B.C., the gearch iried ﬁ"EElhpuc wings® at 533, 688.5, and there is no place

alliptic sections in general

{182) 58-07. The searcher checking the U.D.C. catalogue for & guestion
on the value of In{?df& emimg for prﬁdlchﬁg instability of structural elements,
tried only 830,17 Analogies, He did not try any part of the aspects isiructural
elements’. As the indexer indexed the document under 621 -415 Sheets, it is
doubtful whether the searcher would have checked threugh the types of structures
to find this,

{183} B7-07. With 2 question on the performance of perforated supersonic
diffugers, the searcher in the U.D, O, catalogue did not, in any of hig search
programmes, check the concept 'perforated!., If he had done so, with the numbas
for diffusers 533.887. 3 {already chosen in his first seapch programme} the
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document would have been traced. In the other three search programmes, this
concept was incladed, and helped to trace the document.

. 8407, When searching for the required docwment in the 1.0, C.

talogue, from the question "Would deflecting the jet exhaust from a turbine
ine permit increases in lift with double slotted flap wing of order of

agnitude of thrust”, the searcher did not use the concept 'slotted flapst, If
had done, the document would have been traced at 533,804, 292 {Slotied flape).

{185} 68-08, From the question on the asrodynamic centre of two~
dimensional asgrofoils at transonic speeds, the searcher in Alpbabeticsl did
not check the concept 'CENTRE, ARRODYNAMIC, If he had done so, the

document would have been traced,

{188} 8&-03, The searcher checking the Alphabetical catalogue to trace

& document from the guestion “Applications of Mellin transforms to plate theory"
tried only "Plate theory'. A logical step would have been to check under Plateg!,
whers the document would have been found.

{167y 73-09. With a guestion on the reduction of kinetic heating from the
gtructural stendpoint to fundamental principles the searcher in Facat refused
to search because he said there were too many entries under Taerodynamic
heating! in the chain index, Had he taken the concept !structures' and from
that tried C 'Aircrafi structures’ and Fa "Siructurest, plus Qi tAerodynamic
heating', the search would have heen narrowed considerably, and would have
become possible, In fact, if the searcher had tried the classified catalogue at
€ 01, the document would have been traced.

{168} 75-08, With a question on the rate of shrinkage of plastics at high
temperature, the searcher in the Alphabetieal gystem ignored the concept of
*high temperatura!. If he had indexed it in his search programme as 'temperaturs
effect?, the documment wonld have been traced. The searchers in U.DLC. and
Uniterm, who found the document, had included this concept in their programmes.
{e) Chain index:- {refers to Facet only)

{169) 20-08, in a question on panel flutter analysis, the searcher, afier
checking #fh {Panels), On {Flutter) in the classified catalogue, decided that there
were loo many places to check in the chain index, and so gave up the search.

If the searcher had continued, and checked the many cards, the document
would have been traced under either {1) Ffh(Is}{Zvk)On Ya or {2) FfhllsH{Zvk) Nbk

On ¥a.

{170 29-07. With a question on the alleviation of pitch-up by the use of
leading edge slats, the searcher checked €t Ieb Nub {Pitching moments: Leading
edge: Slats}) in the classified catalogue, and then checked in the chain index under
Nub Pitching momenis + Isb + Ct and found no eniries. He then iried in the chain
Index for Mub plus leb Leading edges or Cd wings - and found fifty-seven cards

to be checked, The document was actually under Ca Cd{libb)Ct Ea leb Nbj Ob Vn -
Wind tunnel tests: stability: transonic flow: leading edges: fuselages: slats:
sweptback: wings: combination. Therefore, it would only have been found if

the searcher, instead of switching from Ct to Cd, had dropped an slement from
the first search and concentrated on all cards containing Ct and leb.



{171) 30-08. A guestion on unsteady laminar boundary layer flows proved
too general for the chain index, The searcher checked in the classified section
under Ned Nei Nik (Boundary layer: unsteady flow: laminar flow), and then checked
in the chain index under Nod where he found seventy-five cards. The search was
then dropped.

The document was indexed at Ffe{ls)Ned Nik Ya. (Calculaiion: boundary
layer: laminar flow: flat plates) - so, if the searcher had dropped the middle
element, the document would have been iraced eventually.

{172} 31-08, With a question on the effect of shock waves on laminar
boundary layers, again as in the question above, this is a very general guestion
{for such an aerodynamic collection) te be answered via the chain index.

The first programme consisted of the concepis Ned, Nfk, Nhd - {Shock
waves: boundary layer: laminar flow). Afier checking in the classified catalogue
under these elements, the searcher iried the chain index under *shock waves?,
plus the other two elements, and found eight places, with no trace of the required
document.

Asg the following search programmes would have meant looking in the chain
index under the sub-divigion of Nhd {Shock waves): -

Nhf -~ Formal shock waves
Nhh - Obligue shock waves

Whj -~ Attached shock waves
Whk -Detached shock waves

- egach in turn with the other 4 elements required {Ned and Nfk}, the searcher
did not proceed any Turther with the search,
The docuraent would have been found under either:-

{1} Tfei{lz)lbi Ned Nfk Nhh Nvi Os -
Wind tunnel tests: interactions: pressurs
distribution: oblique shock waves: boundary
layer: laminar flow: supersonic flow:
flat plates.

{2) Tfe{Is)Nbk Ned Nfk Nhh NH{2F)Oe Vn -
Wind tunnel tests: distribution: velocity:
obligque shock waves: boundary layer:
laminar flow: supersonic flow: flai plates.

{173} 41-09. With a guestion on heat transfer coefficienis and temperature
recovery factors at Mach number of 1.62, the searcher refused to conduct a
search because of the number of cards under heat transfer. In fact, the failure
was due o the searcher giving some of the concepts given in the question.

If the seaycher had checked under all cards under heat transfer, the
document would have been traced at:-

Hri{Ips)Nbk 5t ¥z - Measurement: hest transfer:
supersonic flow: annular nozzles.

{174} &50-D§, With the question "Use of potential analyser to give loadings
on thin wings", the searcher failed to trace the document because he tried Npb
{Aerodynamic loads) in the chain index together with Cd Wings, but when this
was not successiul, he fell that to check under each type of loading separately
would be too long. {There are twenty-eight subdivisions which would have meant
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215 entries into the chain index).
The document wmahﬁ have b found w ¢+ gither
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In Alphabetical, the document was iraced by checking the whole section
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. With & question on the value of model testing for predicting
iy of stroctural elements, the se w:hm’ did not attempt a search, or
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, and formulated a gearch programme, the document
7th Peal-a Rgg Vi - Tesis: compression: alumininm
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no success. She ‘?ﬁhen %ri“d On ;?3 ;mwr’ Ca éer@fﬁih , but decided that there were
far too many cav r $ ¥y

d
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The document would have been traced at Cd{Ikb)On Sfu -~ Damping: fluiter:
rectangular: wings.

{3177y 85-08. With a question asking for information on structural siresses
at which plasiic flow occurs, the searcher was only able to obtain two concepts,
one ‘plasticity’ and the other 'stresses!. He checked under 'Stregses! in the
chain index, andfound thirisen entries where hoth 'Siresses! and Plagticity!
cccurred. The document was not found here, so Rip Plasgticiiy was checked. At
this number fifty-six cards were found, and so the search was abandonded.

If it had been contineed, the document would have been found under either:-

{1} Rgz Rip Ya ~ Caleulation: Plasticity:
deformations,

{2} Flella)Rip Bmit Ya - Calculation: thermal
stresses: plasticity: flat: plates.



{3} ¥in Rip Bmt Ya - Calculation: thermal
stresses: plasticity: shells.

{4} Fyd Rip Rmi ¥a - Calculation: thermal
stresses: plasticity: dises.

{5} Fg Rip Rmt Ya - Calculation: thermal
siresses: plasticity: cylinders.

In this case, the subdivision of 'Siresses! at Bm into gseven, caused a
Iailure. 'Thermal siresses’ would have baen seventh on the list if the searcher
had worksd down the schedules.

{178} B8-10. With a question on the fundamental mechanism of the growth
of turbulence in the boundary layer, the searcher failed to find the required
document in Facet, because of the number of cards he met when checking the
chain index under boundary layer and turbulence. Fifty-three possible places
were iraced,

As it happened the document was not indexed under turbulence, therefore
the search would have been further prolonged., I was actually indexed under:
Nbk MNfk Nfo BRv - Houghness: transition: boundary layer: supersonic flow.

{178} 71-08. The searcher looking for a document from the question
“Jet deflection by augiliary air injection”, after trying Gsg {(Jet deflection)
and Cs (Jet flaps) in the chain index, checked under Ngx {Jets). Here, he found
far too many cards to constitute s realistic search.
If he had continued, the document would have been traced at Gf Tis Hri{Zd)Ngx -
Jets: variation: nozzles: exhaust systems: gas turbine engines.

{180y 76-06. Another example of the difficulty of searching for a general
question in the chain index cccurs with "Manufacture of wind tunnel models!. As
there is no indication in the question as o what type of model is referred to
{there being no general section for ‘models?, only the adjectival form), the
number of places {0 check proved too much for the searcher.

The document would have been traced under BelZs)Qg ~ Machining: model:
agroplanes,

{c} Failure to search systemalically: -
¥

{181) 25-09, With a guestion on the allowable humidity in intermittent wind
tunnels, the searcher, smongst other combinations, tried 533.6, 071.54 - the
number for bumidity of wind tunnels, with no success. The next logical step
would be to check 533.6.071, As the indexers did not use the sub ~divisions of
this number by type of wind tunnel, al) types were classed at 533,686,071, If the
searcher had checked here, the document would have been traced at 533.6.071;
§33.6.011.5,

{182) 33-09. From a question on the variance of the shoek standoff
distance with the sirength of a magnetic field, the searcher in Facet tried

Nhd Shock waves with Sjn Magnetohydrodynamics, as his first search programme,
If he had searched aysiematically, he would then have tried the sub-section of
shock waves, e.g. normal, ohligque, attached and detached, plus magnetchydro-
dynamics. The doecumsant would have been traced at Fp Fu Nbm Mbk Sin -
Magnetohydrodynamics: detached shock waves: hypersonic flow: blunt bodies:
bodies of revolution.
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{183) 27-08. With a question on throttle fuel controls for gas turbine
engines, the searcher in Facel compiled a search programme of Gf - Gas
turbine engines, Gn - Pusl systems and Vfe - Controls. When this proved
unsuccessful, he dropped Gn, Fuel systems, In my opinion, he should have
kept Gn, and checked in the chain index for everything he could trace on that.
The documnent would have been traced at Gn Vi - Tests: fuel systems.

{184} 39-08. With a question on the use of thrust reversal in reducing

the air speed of a jet transport in flight, the searcher in Facet tried Bhg

{Turbojet aeroplanes! in the classified section, but did not check in the chain index.
if he had done so, the document would have been traced under B{Abb)Bhg VIf -
Stopping: turbojet aeroplanes: passenger carrying: aircraft.

In Alphabetical, tre searcher tried AEROPLANES, JET, but did not go
through the types of aircrail, subdivided by the adjective ‘jet', If he had done so,
the document would have been found.

{185) ®4-08. The searcher of the Alphabetical catalogue to irace the
required document for the question "Effect of aspect ratic on the lateral stability
of swept {30-80) wings", made twelve attempts, yet in my opinion, did not make

a systemalic search. He tried many subheadings under WINGS, SWEPTBACK (35)
and WINGS, SWEPTBACK (+ speeds), but did not go to the whole section of
WINGS, SWEPTBACK (30-60). In such a question, where the degree of swepiback
covers such a large range, to pick out one degree (35) and ignore the rest, is to
make an illogical search.

‘The document would have been traced under:

WINGS, SWEPTBACK {45) - Stability
WINGS, SWEPTBACK {45} - Aspect ratio

{185) 64-07. The question "Would deflecting the jet exhaust from a turbine
engine permit increases in lift with double slotted flap wings or order of magnitude
of thrust”, prompted the searcher in Facet to check under {1) Cd Crf - Slotted flaps:
wings, and {2} Crf - Slotted flaps, in the classified catalogue. However, instead
of checking the chain index under these elements, the searcher changed them in
her next search programme.

Had she been consistent, and checked under Crf in the chain index, plus Cd,
the document would bave been traced under Cd{Ikb)Crf Ngx Ng Nrb Okd Vn -
Wind tunnel tesis: blowing: pitching moments: 1ift: jets: slotted flaps: rectangular
wings, at the first attempt.

fe}  Incorrect searching:-

{187) 24-09. With a question on the calculation of damping in roll at
supersonic speeds, the searcher in the Facet catalogue chose o express 'roll!

in the notation under Aerobatics Kp, which is obviously the wrong place. He

should have checked Nud Rolling moments, which more expresses the aercdynamic
aspect. If he had checked Nud Rolling moments and Nbk Supersonic flow, the
document would have been traced, that is, if he had made this one of his search
programmes. In actual fact, he included 'Rolling!, 'Supersonic flow! and ‘Damping!
in his first search programme, but in hig second and third, he insisted on 'Damping?
and other elements.
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(188) 29-07. in a question on the advantages and uses of leading sdpe slats,
the searcher in U.D. ., checked 533.694.25 Leading edge flaps, ingtead of
533.694. 26 Leading edge slats, If ihe searcher had been correct, the document
would have been traced.

188} 55-08. Although = question was on the formulae for caleulating the
eifect of local modification in siructural mairices, the searcher in U.D. C.

inglsted on ehecking aircraft structures at 629.13.012, instead of the more obvions
place, 824,072,2. If this number had been checked, the document would have been
traced without difficulty.

{180} 71-08. With a question on the weight of cabin pressurisation squipment,
the searcher in Alphabetical looked under CARINS, PRESSURISED, and
PRESBURIBATION. Had he looked under CABINS, Pressurisation, the document
would have been traced. As the article is sbout the pressurisation of cabins, rather
than information on pressurised cabins as such, the proposed search programme
appears the more logical.

{181} 35-14, A question on Ignition qualities of aluminium borohydride”
remained uniraced in U.D.C., Alphabetical and Facet, because the searchars
thought that aluminivm borohydride ig a zolid fuel, whereas it ig actually a
Hquid fuel. If {he searchers had checked in the catalogue under liquid fusl, the
document would have been traced,

In Uniterm, the document was traced because *combustion: ignition:
propellants’ were successful Uniterms.

{5 Insufficient searching: -
{192) 26-08, With 2 question on hydrogen in metals, the searcher in

Uniterm iried Metals: Hydrogen: Molecules: Alloys and Atoms. Hydrogen was
the only Uniterm to be {raced. The searcher should then have iried 'Steels?,
because she knew ihat thers is much writlen on the effects of hydrogen in sieels,
and ‘Embritilement’, ag one of the effects of hydrogen is to cause embrittlement,

In the Alphabetical search, the searcher also failed to check under Steelst?,
where the article was indexed, with the subheading 'Embrittlements.

{193} 31-08, With a guestion on the photoelastic investigaiion of siress
conceniration, the searcher in the Alphabetical system tried only PHOTO-
BLASTICITY and 8TRESS DISTRIBUTION. He ignored the possibility of the
entry being under STRESSES - Photoelastic tests, where in fact, it had been
indexad.

{184) 35-10. With a question on the calculation of heat {flow in a cylinder
surrounded by a radiation shield, the searcher in Facet in his {irst search
required Btg {Conduction) with Pg {Cylinders}, and when this was insuccesnsful
he checked Radiation. As 'Conduction’ was not specifically mentioned in
the gquestion, 1think that the ssarch could logically have tried ‘heat transfer? and
ftemperature! before going on to the aspect of radiation.

The document would have been traced at Fg If{Ipe}Ssh Va. {Calculation:
temperature: cireular: cross-seection: cylinders). Better indexing would have
had an added eniry with Theat transfer? instead of temperaturef,
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{198) 38-10. The searcher in the Alphabetical system failed to frace the
required document from the question "Jeasurement of surface pressure oa ithin
bodies", although she formulated five search programmes, :

if she had considered locking under ‘pressure distribution’ the document
would have been traced at the fifth attempt.

t

i98) 51-08, With a question on the structural influence coefficienis for
hin low aspect ratio wings, the searcher in the Alphabetical catalogue tried
aspect ratic! as a subheading with many types of wing, but did not check the
same concept 28 a main heading. If he had done so, the document would have

heen traced.

P

ws  guie

{187} 8B6-08. With the quesiion "Supersonic flow over a siep”, the searchers
should, with thought, have realised that *Wedge® was a possible entry. This

3

i
applied to U.D.C,, Alphabetical, Facet and Uniterm, where there were places

or the concept. However, the prinecipal cause of the total failure is due to indexing.

B m s

oty

{198 57-08. The searcher in the Alphabetical system for this guesilon,
on flexure-torsion flutter characteristice of asrofoils, tried fAerofolls’ and
tAerofoil sections’ in her four search programmes, but did not try 'Wings'.

The terms 'Wings! and 'Aercfoils! were used rather loosely in the papers, and
hence the indexers themselves tended {o do the same,

In this particular instance, the entry was under WINGS, OSCILLATING -
Damping. It would probably have taken several search programmes to eventually
frnce this via WINGS - Flutter, etc, Also, the term 'WINGS, OSCILLATING?,
tended to be overlooked by the searcher. It was used in indexing qulie frequently,
‘but there appears to be such a fine difference between WINGS, OSCILLATING
and WINGS - Flutter, that if the term *flutter? is used in the guestion the searcher
tends to look under the subheading rather than the compound term.

{198) BY7-09, With the question "Influence of human engineering factors in

forecasting of load specirum of aeroplanes’, the searcher in Alphabetical and
Uniterm failed to check all possible places.

In Alphabetical, the searcher compiled only two programmes, one
THUMAN ENCINERRING!, and the other TAEROPLANES - Loads'. If the
sesrcher had thought one step further, under 'STRUCTURES, AIRCRAFT -
Loadg!, the documeni would have been traced.

In Uniterm, the searcher could have checked !gpectrumf, which was
actually mentioned in the title, also tealeulation'is a logical Uniterm to express
the concept !forecasting'. Had this happened, the successful Uniterms would
have been 'Loads!, 'Aircraft!, !Spectrum! and 'Calculation® - sufficient to
warrant a success,.

{200) 71-08. The searcher in U.D,C., with the guestion "Jet deflection
by auxiliary air injection' formulated iwo search programmes - the first
532.525.2 {Jets - hydrodynamics) and 621.438.067.8 {Exhaust devices, gas
turbines) but did not check 533.687.4 {Jets - Internal aerodynammics). If he had
done so, the document wold have been iraced at the first attempt.

{201) 72-08. With a question on the design of blow -down wind tunnels,
the searcher in the Alphabetical system tried WIND TUNNELS, BLOWDOWN
and WIND TUNNELS (subdivided by speed of flow). However, he did not try



WIND TUNNELE, INTERMITTENT, which he should have done, kuo mmg‘
hlowdown wind tunnel’ is 3 type of Untermittent wind tumnels, Th@ jo ent
ound under WINID TUNMNELS, INTERMITTENT, 5U

would have been i
Flow problems

s v-cbez& in the Facet catalogue, from the question
e~mineral mouldmg composmd at 125 1 P iried
nolic plasticst, ai Phyb and Pla respectively.

If he had done so, the document would have been
{Zb} Stability: highs tempersiure: dimensgions: plastics.

& guestion "Design information on wind tunnel corner a0°
ning vanes’, remained uniraced in all systems. The document
&,cmaa iy referrved to wind tunnel diffusers. In none of the searching programmes
was the concepl 'diffuser! thought of. This should have been checked and would
have caugsed a successiul resull, except in U.D.C., and Alphabetical, where the
indexer placed the document under MEFFUSERS, instead of DIFFUSERS, WIND

TUNNEL.

{204) 21-12 1t which was not iraced in Alphabetical or Fa&etﬁ
could have been found if the indexer had included the concept of ”we*dgfeﬁ:i' - ﬂ )

with the qu 3 vave drag al sero 1ift of two body arrvangements consistin
of two asur“‘ ces of delin p}.anfc}mn, it is doubtful whether the ss ?»'*hm“ W M ha
considered ‘wedges? a siilable concept for Sf’»’i'l“‘hﬁnﬂ' As the subi f e

document is so ditficult o expraess, the term "wedges? appears fo iw ‘” 1 m?

the document could have been traced,

{a) ces for the same
{205} 28-08, From the article i ”leearr

combined tension and ‘nmwh g; range '
TEftect of zo an

In both i s
thending'. In U.50.C.

i. 539.384 rmations, ?hysics«

Za 821,772, 31 Workshop practice,

s §21.%74. v"m-h shop practice.

4, 539,413 trey Resistance to sivess.

5. 620.174 Bending ~$trengfh tesi?” Materials testi

8. 820,174, 851,
224 Bending strength fests. High tempa:&"aizure Materials testd
22 Bending stres salution of forces. Mechanics.

Hending tests, impact. Malerials ’fi;e::“;imﬂ“
i F B

and 2 - Workshop practice can be ellminated for this particular
and numbers 5, 8 and 8 on Bending strength ftests can be
placed on one - later search programmes if requived, bul numbers 1, 4 and
7 are all from b sicg o under ‘deformationt, | resistance of stz

Iy ?mmﬁ % Lom a‘;f ﬁc;w: It cmetimes extvemely difficult when indexing
to decide into gr‘:‘uﬂﬂ;‘:} o particular aspect should be placed,

Hal
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From the above question there is little indication which place should be searched.

In Alphabetical, 'Bending' is used as a main heading, and as a subheading.
iBending stresses', ag the heading and subheading 'Stresses, bending', are also
permitted, but there is not much difficulty caused by thig, as by the U.D.C.
schedules.

(208) 72-08. The search programme for this question, on the design
of blowdown wind tunnels, points out two possible headings in the Alphabetical
catalogue, WIND TUNNELS, BLOWDOWN, and WIND TUNNELS, INTERMITTENT,
As a blowdown tunnel is a type of intermittent tunnel it would be better either to
include them both under the more general heading, or to have a !'see also' reference
from one to the other. i

In this particular document, the title as "On the choice of working fluid for
intermittent supersonic wind tunnels, and the question referred to 'Design of
blowduwn wind tunnels?. Hence, the indexer used the heading WIND TUNNELS,
INTERMITTENT, and the searcher, WIND TUNNELS, BLOWDOWN.

{207) 48-08. From a question on starting flow characteristics in feed
systems of liquid propellant recket motors, the number of possible places which
can include types of rocket engines are discovered.

Under Gj Rocket engines, one finds subdivisions Gjb Liquid propellant rocket
engines, and Gjd Solid propellant rocket engines.

It is also possible to describe liquid propellant rocket engines by :
{a) Gj Pck(Pre) Liquid: propellant: rocket engines, and solid propellant rocket

-engines by: {(b) Gj Pcki{Prb) Solid: propellant: rocket engines. Finally, one can
also classify by type of fuel, e.g, {a) Gj Pce Liquid fuels; rocket engines, and
{b) Gj Pcg Solid fuels: rocket engines.

Although, when one is used to the indexing system, it is quite apparent that
Gjb and Gjd are the most useful places, a person who is unused to indexing or
searching could, quite legitimately, make entries under either of the other two
methods.

{208) 49-07. Again, the question on conical flow at supersconic speeds over
non-symmetric bodies, brings out two places in Facet, under which the aspect
Sconical flow! may he placed. One can eitheér use the adjective ‘conical'{Igr) with
‘flow' (Nbf), hence reading Nbf{lgr) Conical: flow; or one can use speed of flow or
Nbh Subsonic, Nbj Transonic, Nbk Supersonic or Nbm hypersonic, together with
Fr Cones, hence reading: Fr Nbk Supersonic flow: cones,

In this particular question, the indexer indexeéd the document under
Fr Nbk Nvf Pressure distribution: supersonic flow: cones, whilst the searcher
checked only fconical! {Igr) in the chain index.

{209) 52-15, A question "Description of an optical method of measuring
surface finish in which the sample is notated!' threw up the problem in U.D.C.
of the number of possible places for measurement of surface defects. From the
Alphabetical index, the following entries are seen :-

620.191 Surface defects. Materials defects
821. 795 . Burface finishing, mechanical
620.179.6 Surface tests

539.211 Surface texture. Physics

Under *Measurement!, the searcher found:
53.082.5 Optical phenomena.Principles of measurement
631.74 Measurement of geometrical magnitudes.
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The combination of these six places deterred the searcher, who was not
able io trace the document although it was at 620.191:531. 715,

{210) 36-15. The question on the descent of winged orbital vehicles was
found in U.D.C. and Facet because 'Satellites’ is the obvious place {and only
guitable place) in which to index and search. In Alphabetical there are the
following headings:

SATELLITES, ARTIFICIAL

SPACE VEHICLES

A 'see also! reference may have helped in this particular case, but the

material is split up under two headings. In some cases, it is obvious which one
to choose, but in others, less cbvious.

{211) 36-13. A question A shell theory for cylinders' showed that in the
Facet catalogue, material on hollow cylindrical shells, or cylinders, is divided
between

Fq{lyh) Hollow: cylinders

¥im{lgg) Cylindrical: shells

Some declsion should be made as to which is the more suitable, and

material placed under one heading, with a ¥see’ reference in the chain index from
one to the other.

{b) Lack of places in the schedules:-

{212} 72-08. Although this failure has been blamed in part to lack of place
for *hlowdown' wind tunnels in the U.D.C. schedules and one must state that
there actually is provision in the printed schedules, for subdivision of types of
wind tunnel by Alphabetical order under WIND TUNNELS (TYPE). The indexers
in the project decided early in the indexing programme that this subdivision
would not be used.

Thus, the question ‘design of blowdown wind tunnels' did not trace the
correct document because the indexer would not make an entry simply under
533.6.011, presumably because he thought this number too general, but used
533,.6,071.46 - Humidity of wind tunnels. Although this is referred to in the
text, the guestion gives no indication of this aspect.

{213) 72-08. From a question on the description of plant for testing
aireraft equipment and components under simulated high altitude conditions, it
has been found that there is really no adequate place for ‘testing plant! in U.D. C.,
Alphabetical or Facet. In U.D,C., the most suitable number is 533.6. 07
{Ground testing techniques). In Alphabetical, the heading TESTING EQUIPMENT
is not adequate, as one wishes to emphasise the aspect of the plant used for
testing - which counts more than the aspect of 'fequipment?.

In Facet, the only place provided in the schedules is Ez ‘Model-testing
equipment?, which is quite unsuitable.

{214) 76-08. With an article on the manufacture of supersonic wind tunnel
models, the indexer found difficulty in placing the aspect 'wind tunnel models?.
There is no place in Facet to be used generally for models, but one can use

Zs {Models), as an adjective to be attached to the substantive. In this particular
case, the use of the adjective is quite unsatisfactory, as the article covered the
manufacture of several types of model, and so should have been placed at a
general heading.



{215) 31-13. A document on laminar boundary layers at the surface

of co-current parallel streams was untraced in U.D.C., and the failure can
be partly considered to be due to lack of place in the U.D.C. schedules for the
aspect 'parallel flow?.

As the question was "The hydrodynamics of fluid -fluid interaction at the
interface of parallel streams", the gearcher had few concepts to try. In Facet,
the searchwas attempted via 'parallel® in the chain index, plus boundary layer.
in Uniterm, the successful concepts were 'parallel: flows: boundary: laminarf.
The guestion also failed in Alphabetical.

The document was indexed only under 532.526. 2 Laminar boundary layer,
which the searcher considered too general.

{216} 36-11. A document on the estimation of wave drag of forebodies
and afterbodies with conical and parabolic shapes, had the question ""Supersonic
drag of 2 parabolic nose cone'.

In U.D.C., there is no place for iparabolict shapes'. Hence the searcher
was able only to check under ‘cones’, etc. with ‘drag!. With inversion, it was
not possible to trace the document, as 533.8.013.128 'wave drag! had been used.

The same applies for the Alphabetical system, as no heading had been
made under parabolic shapes,

{217) 73-13. There is no place in the present lisi of Alphabetical headings
for 'linear systems!. A guestion "Calculation of natursl frequency of damped
vibration of a linear system", failed because of the lack of heading. The searcher
checked under VIBRATIONS, FREQUENCY and RESONANCE.

The document was actually indexed under SERVOMECHANISMS -
Caleulation, plus three other headings not applicable {0 the present question.
The same restriction applies alse in Facet.

{218) 35-14. In Facet, there is no place generally for iperformance?,
which can be applied to engines, etc. The only place is at Ja under
Aercdynamics and this is hardly suitable,

A guestion "How to determine the value of the turbojet engine time constani
from experimental data", was not iraced, parily because of the inability of the
searcher to iry the concept 'performance’.

{219) 76-11. A document on the response time of transduciors with
negative voltoge feedback was not iraced in Facet because no place was
provided fur ‘transductors’. The indexer used 'amplifiers' which is not
satisfactory.

As transductors had been placed in the Zz schedules, it would have been
better to have used this place.
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{c}  Lack of subdivision, causing the placing to be too general:~

{220} 25-09, In this particular example, the criticism is of the U, I
schedules used by the indexers, and not of the printed schedules.

With an article on intermittent wind tunnels, the only place in which io place
thig concept is at 533.6. 071, as the indexers did not use the subdivision by
alphabet provided for in the printed schedulzs,

(R?ix 26- G’? The indexer dealing with the article on reciprocity relations
:, was unable to adequately index 'reversed {low! as there is no
m"u: prmuded in Lhe %cheﬂvleg. As the flow in *‘h;m case is supersonic, he was
ahle only to make an entry at 533, 6. 011, 5 'Supersonic flow!?.

A document on annular flow bhetween concentri
oD C. One of the ng for failure, was that
on vnder ‘eylinders! into types of f:\r}mder Alternatively, it can be s
4] a place under raaterial shapes ot 8314 ... schedules for ‘concentri
Ea e %x!ﬂ’fmo
sz ﬂ W

N s oy e
the searcher was not

decided d} L’s to check under fo

‘?n the 19,
nent wag traced in al

heading used in Alphabet
he chosen. A more a ¢
¥ roplane with hyd:c’mskl:ss, ﬁlqu, of necessgity, be a
1 2 ruuﬂm‘ search, from the question "Model superiments

T «xi ated to impact 10 13 on hydro-skis on aiwerai’t” if the searcher had checked
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{225) 72-08. There is even more confusion in the use of propellanis
and fuels.

The indexer hag indexed under 682,75 in U.D.C., under which both liguid
fuels and liquid propellants are placed. In Alphabetical, he has used the heading

 PROPELLANTS, LIQUID, yet in Facet he has used Pce Liguid fuels. There is
provision in Facet for the use of Pck Propeliants and {FPce) Liquid, reading:
Pck{Pre) Liquid: Propellants.

Therefore, the indexer has been inconsistent in his use of the terms
iPropellants! and 'Fuels’., The failures were principally due to the fact that the
article was about 'gaseous® not ‘liquid fuels!. The searchers naturally limited
their search io this concept.

In Uniterm, the indexer included !gaseous’ thereby causing a success.

Also from the article {38-07) on the design of a miniature solid propellant
rocket, there are the following places under which the article can be placed.

U.b.C. Solid propellants 662-3
Solid fuels 662-8
Alphabetical PROPELLANTS, SOLID (but there ig a note under Propellants

to the effect that only reacting mixtures that do not
draw on atmospheric oxygen for combustion should
be included here ~ however, it is often difficult to
tell from an article whether this condition applies
or not}.

FUELS, SOLID,

Facet Even more confusion here,
Peg = golid fuels, but for someone unused to the system, it is
possible to index and check under Pc{Prb} = Solid fuels.
Pck = Propellants
Pek{Prb) = Solid: propellanis.,

Uniterm tFuels! and '"Propellants® are under the same Uniterm, therefore,
no difficulty.

It is obvious, from the above two examples, that this confusion between the
possible places for propellants and fuels must be cleared up in U.D.C., Alphabetical
and Facet. As the two nouns are under the same uniterm, the confusion has not
arisen in this sysiem.

{226) 4112, In the Uniterm system, the terms foverhaul inspection' and
tmaintenance! each have a different number. If would be better to combine them
under one, preferably 'maintenance?, with references from the other two.

A question on inspection and overhaul of components of a gas turbine,
failed because the document had been indexed under 'maintenancef,

{227y 63-11. A question on the downwash characteristics of delta wings in
the transonic region was traced in Alphabetical and Uniterm, because the terms
tdeltal and *triangular! are considered synonyms, and one thus included under
the one heading. As the document referred to triangular wings, the indexer
included this concept in U.D.C. and Facet, but was forced to use ‘delta in
Alphabetical and Uniterm.

A combination of these synonyms in the two systems would reduce such
errors in future,
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{f)  Inability {o combine particular concepis:-

{228) 31-12. A gquestion on the effect of shock waves on laminar snd
turbulent boundary layers, failed in the Alphabetical system because of the
inability to combine 'Shock waves' and 'Boundary layer!.

The document was indexed under: -

i. BOUNDARY LAYER, LAMINAR
2. BOUNDARY LAYER, TURBULENT
3. BHOCK WAVES

As the sections under each heading were so large, the searcher refused io
make guch a general search by looking under any of thege three.
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APPENDIX 5B

EXAMPLES OF ANALYSIS OF FAILURES

QUESTION 20-08 “Effect of combined tension and bending on
curvature of beams in the plastic range'.

Assessment A fair question which should have enabled the document
to be traced without difficulty.

DOCUMENT 12056, Beam strength and curvature under combined
tension and bending in the plastic range. Jnl, of Aero.Scs., 1855, pp 70-72,

Assessment 1% page article under 'Readers Forum! in Jnl. of Aero.
Sciences. No summary or conclusions. The title is actually a good precis
of the article. However, the first paragraph refers to an article on the
anaelysis of bending moments of rectangular beams, and goes on to discuss
the Ramberg-Osgood form of stress-strain curve. As, presumably, the
strass-strain curve can be used for the analysis of moments of other types of
beam than rectangular, I feel that the indexer was quite correct in leaving out
“trectangulart.
FAILURES U.D.C.

INDEXING
Main system Alphabetical
Assessment

u.n.C. A 824.072.2 Beams
B 539.413 Bending strength
 539.42 Tensile strength
AB:BA:AC: CA

Should have included Plasticity at 539. 214,

ALPHA, BEAMS - Bending sirength. Calculation

BEAMS - Tension. Calculation

BEAMS - Deformation. Calculation
As in U.D.C., should have had an entry tPlasticity!, but as a subbeading
under BEAMS.

FACET Fhb Bp Rge Rwm Ya Calculation: bending: tension: sirength:
beams. Again, should have included !Plasticity’.
UNITERM Calculation Sections

Strength Crosses

Bending Curves

Tension

Included *Bectangular? but did not include 'Plasticity’. Otherwise the same
aspects included as theé other three systems.

ASSESSMENT OF SEARCHING

U.n.C. {1} A, 624.072.2 B. 821-402 C. 531.282 ABC
{(2) B
{3) D 539.374 AD
{4} B 539.384 AR
{5y AC
8y E
The searcher tried 531,224 Bending stress, 538.38 Bending, deformation and
530, 374 Plasticity, combined with Beams at 624,072, 2. See tGenerval Comments?
for further notes on the search programme.
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ALPHA, BEAMS - Bending.
Good; the document was found at the first attempt under BEAMS - Bending.

FACET {1) Fhb Rge Rwm Bending: Tension: Beams. No.
{Classified catalogue).
{2) Fhb Rgm Bending: Beams. No. {Classified catalogue).
{3} ¥bb Rp Rge Rgm Curvature: Tension: Bending: Beams.
Pound,
The searcher tried the classified catalogue only, in bis three search programmes.
If, with his first programme, he had used the chain index, the document would
have been iraced.

UNITERM Beams Yes Curvature Yes

Bending Yes Plasticity No

Tension Yes
Adequate, The Uniterm Beams: Bending: Tension: Curvature, were all
successful. :

SUGGESTED RE-INDEXING

U.D.C. Plus D 538.214 Plasticity
Ad : DA
ALPHA, Plus BEAMS - Plasticity
FACET Fhb Rip Rge Rgm Ye Caleulation: Bending: Torsion:
Plasticity: Beams
UNITERM Plus PLASTICITY
COMMENTS

Time allowance An 8 minuies allowance, but 11 minutes used by the indexer.
He should have had time to add Plasticity! in all four systems.

General Searching failure in U.D. C. because the searcher did not
try 'Bending strengih! at 539.413. Under the word 'Bending' in the Alphabetical
index are 9 eniries:- '

{1} 539,384 Pending: Deformation: Physics

{2} 621.772.31 Bending: Workshop practice

{3) 621.774.83 Bending, pipe: Workshop practice

{4} 621.774.63 Bending, tube: Workshop practice

{5) 538.413 Bending, strength: Resistance to stress: Physics.

{8} 820.174 Bending strength tests: Materials testing

{7) 630.174.251 Bending strength tests: High temperature: Materials testing

{8) 531,224 Bending stresses: Resolution of forces: Mechanics

{9) 620.178.3 Bending tests, impact: Materials testing
Although the references numbers 2, 3, 4 on Workshop practice can be eliminated,
and numbers 6, 7 and 9 Bending strength tests put on one side for a later search
programme, numbers 1, 5 and 8 are all in the Physics section under
Deformations, Resgisiance of stress or Resolution of forces. It is sometimes
extremely difficult, when indexing, to decide in particular, into which of the
last two sections a particular aspect should be placed. However, with a
question such a8 the one herswith, there is peally little indication which
number one should try first. '
The section 'Reaistance io stress! and 'Resoclution of forces? alwaye involved
difficult decision when indexing. Therefore reason for failure actually searching,
due to multiplicity of possible places in alphabetical index,

REASONS FOR FAILURE

U.n. C, Searching.
DAY =



QUESTION 49-08 “Starting flow characterigtics in feed systems of

liguid propellant rocket motors'.

Agsegsment Appears to be a fair question which should trace the decument.
DOCUMENT P14827. Analysis of flow-system -starting dynamicg of

turbopump-fed liquid propellant rockets. NASA Memo. 4-21~58E,

Agsessrnent MASA Memo of 18 pages plus 17 pages of figures, etc.
id~line summary. Gives the methods of calculation of the spesd response
time of the turbopump, the flow response time and the meaximum dynamic
line loss. The analysis is based on work done in rocket starting at the
Lewis Ressarch Center.

FAILURES Facet.
Main system Alphabelical
Assessment
U.B.C. 821.45,0382, Fuel systems. Rocket engines

821.45,057. 54 Starting. Rocket engines.
Quite sufficient, without going into too much detail.

ALPHA, {1} FUEL SYSTEMS, ROCKET - Analysis
{2} ENGINES, ROCKET - Starting
{3) FLOW PROBLEMS
The last heading, I think, is rather too general for application here.

FACET G3f Poe Vid Starting: lguid fuels: rocket engines. An ingorrect
ermdry. Gf should read Gj. The document would then have beéen traced.
However, there is a place at Gib for lquid propellant rocket engines which
should have been used instead. {(See General Comments).

UNITERM Flow Rockets
Systems Engines
Fuels Starting
Liguids Turbopumps

Includes the same aspects ss the other systems, plus the addition of
"Tyrbopumps?, which was a Uniterm used for the firsl time.

NASA INDEXING ENGINES, ROCKET
FENGINES, CONTROL - Rocket
FUEL SYSTEMS '
TURBOPUMPS

ABSESEMENT OF SEARCHING

u.n.C. {1} A 621.45.018.5 Performance. Bocket engines
B 683.78 Liguid foels
AB. No.

{2) 621.45.032 Fuel systems. Rocket engines. Found.
Docoment found at the second atiempt under 621,456,032, Fuel Systems.
Hocket engines. If the searcher had, ai the first attempt, used the concept
sStarting' she would have traced the document immediately under 'Stariing .
'Rocket engines?. 631,45, 087, 54.
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ALPHA, {1} ROCKETS, LIQUID PROPELLANT - Starting. No.
{2} ENGINES, ROCKET - Starting. Found.
Document found also at the second attempt,

FACET {1) Gjb Liquid propellant rocket engines. No.
{Classified catalogue}.
(%) Gj Rocket engines. No. (Classified catalogue)
{3} Gn Fuel systems. Checked in chain index for
combination of Gj or Gjb. No.
Adequate searching, and the document should have been found had the indexer
not made a clerical error.

UNITERM Engineg Yes Fuels Yes
Rockst Yas Systems Ves
Starting Yaa Liquid Yes

Success all the way through.

SUGGESTED RE-INDEXRING

U.n, o, A 882.7% ILiquid fuels
AB : AC: BA  CA

ALPHA; Could add entry under ROCKETS, LIQUID PROPELLANT
but as the docurnent is on the starting of the rocket engine, I feel this the
moye accuraie enlry.

FACET {1) Gjb Vid Starting: Lquid propellant rocket engines
{2) Gjb Gn Fuel systems: liquid propellant rocket engines
UNITERM Unnecessary
COMMEBENTS

AR S

Time allowance 8 minutes allowance but  minutes taken, The clerical
error in Facet may have been caused by haste through shortage of tlne,

General

{1} ¥acet, On cccagions, I think there is too much subdivision, i.e. under
Rocket engines one finds Gjb Liguid propellant rocket engines, and Gid Solid
propellant rocket engines, although it is possible to describe liguid propellant
rockel engines by

{a} Gj Pce Ligquld fuels: rocket engines

{k} Gj Pok(Pre) Liquid: propellants: rocket engines
Therefore there are thrae posaible ways of indexing this document, each of
which is admissible by the schedules,

{2} Indexing failurve because of clerical error {presumably because the
& o
indexer made the entry without checking the schedules:. In an casge, perhaps
E" ) y 3
Gk Liguid Propellant Rocket Engines would have beern better,

" %

Facet Indexing.



QUESTION 51-08 '"Structural influence cosfficients for thin low
aspect ratioc wings®.

Assessment Fair question, bui one which may well be difficult to search.
!Structural influence coefficients! are difficult to define in most systems.
Many possible places to check. If this question had been presented in a
library, further details should have been asked for.

DOCUMENT P15110. A method for deflection analysis of thin low-aspect
ratio wings. NACA Tech. Noie 3640.

Assessment A 65 -page NACA Technical Note, with an 11-line summary.
Refers also to the idealized structure of box beams. Alsoc includes deflection
of wing-body combinations.

FAILURES Alphabetical. Facet.
INDEXING
Main system Uniterm

Agsessment

0.0.C. A B39.384 Bending. B 533.883 Wings, C 533.69.031
Aspect ratio. BAC : ACB : ABC. Insufficient permuiation. Should also
have added BCA : CBA.

ALPHA, WINGS - Deflection. Analysis, ASPECT BATIO.
Falr indexing which covered the same aspects as U.D. C.

FACET Cd Ogt Rwm Xy Analysis: Bending: Aspect ratio:
Fair indexing which covered the same aspects as U. D, C. and Alphabetical,
UNITERM Deflections Ratios Compuiers
- Analysis Wings Machines
Slender Paraholic Loads
Low Linear Spars
Aspects Chords Stringers

Adequate indexing,

ASSESSMENT OF SEARCHING

u.n.c. {1} A 533.69.031 Aspect ratio. B 533,883 Wings
BA, No. ,
{2} A Found at A 539.384 : 533.8693,
Adequate as far as the guestion goes, The document was found at the second
attempt. If, however, the indexer had made sufficient permutations, the
document would have been found at the first attempt.

ALPHA, {1} WINGS - Aspect ratio, No.

{2) WINGS, SWEPTBACK - Aspect ratic. No.

{3} WINGS, DELTA - Aspect ratic. No.

{4) WINGS, TRIANGULAR - Aspect ratioc. No.

{5) WINGS, SUPERSONIC - Agpect ratio. No.

{6} WINGS, SUPERSONIC - Aspect ratio. No.

{7} WINGS, SWEPTBACK, SUPERSONIC - Aspect ratio. No.

{8) WINGS, SWEPTBACK, TRANBONIC - Aspect ratic. No.
The searcher tried 8 types of wing - aspect ratio. If he had gone to Aspect Ratio

as main heading, the document would have been traced.




FACET {1} Cg Wings, Oqt Aspect ratio, {Zqj} Low. Checked chain
index under 'Low' plus other two aspects. No.
{2} {Iv) Thin. Checked classified catalogue under
CdliviOgt. No.
The searcher insisted upon Wings: Aspect ratio: Low, which was quite realistic.
if the indexer had added {Zqj) Low, to the entry, the document would have been
traced,

UNITERM Wings Yes Thin Yes
L.ow Yes Design Mo
Aspect Yes Structures No
Ratio Yes

Adeqguale.

SUGGESTED RE-INDEXING

E;“DWC, A, B and C as before, but BC and CH.
ALPHA. WINGS ~ Aspect ratio {although this was rarely used as
subheading).
FACET Cd Oqi{ZgilRgm Xy Calculation: Bending: Low: Aspect ratio:
Wings., Plus {Zgj) Low.
UNITERM Unnecessary.

COMMENTS

Time allowance 8§ minutes allowed and 8 minutes taken. This is a long sriicle
to read snd presumably the indexer had no time for more detailed indewing

General Searching failure in Alphabetical because the searcher did
not check under *Aspect ratief as main heading. Alsc an Indexing failure
hecause the indexer did not use "Aspect ratio! as subheading under WINGS.
Indexing failure in Facet. If the indexer had added {Z.qi} Low the document
would have bzen iraced, '

REASONS FPOR FAILURE
ALPHA, {1} Searching {2) Indexing

FACET indexing.



QUESTION 63-08 "Three dimensional boundary layers on slender wings".
Assessment Migleading question. The document refers to a delta wing -

admittedly a thin delta wing, but the term 'slender?! usually is associated with
thin low-drag wings and has been so interpreted by the searchers.

DOCUMENT P1i6338, An approximate methed of calculating the laminar
boundary layer on a delta wing., R.A.E. Tech.Note 2595.

Agsessment 19 pages of text., R.A.E.Tech.Note 2585 plus § pages of
figures. 9 line summary. The article concerng a method of calculating the
laminar boundary layer on & delta wing, with essumed conical irrotationsal flow.

FAILURES Alphabetical. Facet,
INDEXING
Main gystem Uniterm.
Assessment
U.n.C. A 532.528.2 Laminar boundary layer
B 533.683.31 Delia wings
AB: BA

Appears to cover the subject of the article adequately, even though only two
entries have been made.

ALPHA, WINGS, DELTA - Flow distribution
BOUNDARY LAYER, LAMINAR - Calculation
Summary as U.D. C.

FACET Ca{lj)Ncd Nik Ya. Calculation: boundary layer: laminar flow:
delia: wings.
Summary as U, D, C,

UNITERM Calculation Layers
Laminar Triangular
Boundaries Wings

R.A,F, INDEXING 532.526.2: 533.693.3 Laminar boundary layer. Delta wings.
Same as the project indexer.

ASSESSMENT OF SEARCHING

U.D.C. {1} A 533,603+ Wings, including all subdivisions
B 532.526 Boundary layer
BA No.
(2} A

B 582.526.2 Laminar boundary layer

BA Found at BA, 833.683.31
Document found at the second atfempt because the searcher iried 532.526.2 ;
533,693+ Therefore checking laminar boundary layer: wings of all types.

ALPHA, {1} WINGS, LOW DRAG - Flow distribution. No.

{2) WINGS - Flow., No.

{3} BOUNDARY LAYERS. HNo.
Mot found because the searcher tried Boundary layer and considered that to go
through the whole section of Boundary layer, laminar and Boundary layer,
turbulent, ete. would be unvealisiie. As far as the guestion went, she made
an adequate search.



FACET (1) Ol{iviifk {Classified catalogue) Boundary layer:
Slender: Wings. No.
{2} Ca{lv) {Tlassified catalogue) Blender: Wings. No.
Searcher tried whole section of Cd{lv) Slender: Wings in the classified section.
Considered any further search too involved but she should have gone to the chain
index to see if Callv) were included with any type of aircraft, eic., higher up
the schedules. Would not have traced the document.

UNITERM Calculation Layers
Laminar Triangular
Boundaries Wings

Considered 2 success, but as only Wings, Layer and Boundary came out,] do
not think it really sufficient,

SUGCESTED RE-INDEXING

Uu.n.C. A B33.603 Wings B 332.528.2 Laminar boundary layer.
Would still have been found at the second atiempt.
ALPHA, WINGS, LO® DRAG - Flow distribution.
Would have been found at first attempt.
FACET CHIvINT: Boundary layer: Slender: Wings
UNITERM Slender.
COMMENTS

Time allowance 18 minutes allowance. 106 minutes taken.

General The document has been re-indexed shove so that the term
Telender! has beon included, In 2ll fairness to the original indexer, I feel
that it would not have been included by most people.

REASONS FOR FAILURE
In both cases, ihe misieading guesiion. If the enguirer had been at the Ubrar
side when the search was made, the misundersianding would have heen clearsd un.
Summary
ALPHA, Guestion
FACET auestion
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QUESTION gﬁmﬂﬁ "Rate of shrinkage of phenolic-mineral moulding
compounds at 125 C'™.

Assessment Fair guestion. Phenolic resins are specifically mentioned
in the second paragraph.

DOCUMENT 219553, Plastics at high temperatures. Machine Design,
April 16th 1859, pp 171-174.

Assegsmeni One page of text plus three pages of charts., Discusses
femperature effect on shrinkage of phenolic, melamine and polyester resins.
The subheading 'Previcusly unpublished data on the shrinkage of thermo-
setting molded plastics after thermal ageing', is in itself sufficient to enable
the indexer to index the document accurately without further assessment,

FAILURES Alphabetical. Facet,
INDEXING
Main system Uniterm
Assessment v
U.D.C. A 678.5 Plastics
B 621-181 Dimensions
¢ 538,45 High temperature
ABC : ACB
The indexer has made permutations under Plastics only.
ALPHA, PLASTICS - Temperature eifect

PLASTICS - Dimensions. Temperature effect
Has indexed the same material as U, D. C.

FACET Ph Rab Ssh{Zqn){Zb) Stability: high: temperature: plastics,
The same as U.D,C. and Alphabetical plus tgtability?.
UNITERM Plastics Stability

High Dimensions

Temperature Shrinkage

Has included the same aspects as Facet plus ighrinkage®.

ASSESSMENT OF SEARCHING

U.D.C. {1) A 678.632 Phenolic resins
B 620.192.52 Shrinkage
AB No,
{2) A 547.56 Phenocls. No. :
{3) A 678.632.32.21 Phenol formaldehyde. No.
{4) A 878.5 B 620.182.52 AB No.
(5) A 678.5 B 536.45 AB Yes.
The searcher found the document at the fifth attempt, after searching through
' Phenolic resins', 'Phenolg’, "Phenol formaldehyde' {all next to each other in
t he alphabetical index). She then tried Plastics and shrinkage, finally plastics
and high temperature, where the document was traced.
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ALPHA, {1} PLASTICS - Forming. No.

{2) PLASTICS - Moulding. No.

{3} FORMING. No.

{4} MOULDS. No.
Inadequate. The searcher tried only the aspects of moulding and forming and
ignoved the reference to temperature in the question. At his third attempt he
should have checked under PLASTICS - Temperature effect, which would
have traced the document.

FACET {1} Phenolic plastics {chain index}. Ne.
{2} Phenolic resins {chain index). No.
{3} Shrinkage {chain index). No.
The searcher tried 'Phenoclic plastics', 'Phenolic resing! and 'Shrinkage?,
1 think he should have tried 'Plastics? plus 'Temperature’ as his next search

programme.

UNITERM Moulding. No. '~ Bhrinkage  Yes
Phenol. No. High Yes
Minerals. No. Temperature Yes

; Plastics. VYes.
Good. The searcher tried 'Plastios! afier trying ‘Phenolic!, ‘Minerall,
Mouldings?.

SUGGESTED RE-INDEXING

U.D.C. A, B, C, as before plus I 620,182,522 Shrinkage
ACD ;: ADC : DAC
ALPHA, PLASTICS - Shrinkage
FACET Plus Ph Rji Ssb{Zgn) High: Temperature: Shrinkage: Plastics
UNITERM Unnecessary
COMMENTS

Time allowance 4 minutes allowance, but only 3 minules taken. I feel that
the indexer would have had time to add !'shrinkage’ to U.D.C., Alphabetical
and Facet. If he had done so, the document would have been a success with
the Facet system.

General {1} What is the difference between phenolic resins and
phenolic plastics ¢ In Facet, there is a place for each. Phyb and Pia
respectively. Vet the article is on plasties, and refers to phenolic resins.

£2} Searching failure in Alphabetical, as the searcher tried
only one of the three concepts shown in the question. Also, in Facet, because
the searcher did not try 'Plastics' at all, but limited his search to 'Phenolic
resinst and 'Phenolic plasties'.

{3) Indexing failure in Facet, because the indexer should
{and had time to) have included 'Shrinkage’. If he had done so, the document
would have been traced. The inclusion of 'shrinkage’ in Alphabetical would
have made no difference to the resulis, as the searcher did not try this aspect,
although the word is included in the lists as a recognised subheading. There
was provision for 'shrinkage' in all systems, but the indexer included it only
under Uniterm.

REASONS FOR FAILURE
ALPHA, Searching
FACET

{1} Searching {2} Indexing.
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QUESTION 41-07 "Pilotless airgrafi autostabilizer response {0 an
impuisive pitching moment”,
Assessment ALppears a fair question, which should have enablad the
document {o be traced,

DOCUMENT P14116. A method of optimising aircraft autostabilizer
systems., College of Aeronaytics Report 113,

Assegsment College of Aeronautics Report. 61 pages. Full report, but
it is adequately summarized on the first half-page. In 16 minutes, the indexer
should have been able to index sufficiently and accuraiely.

FAILURES U.D.C. Facet, Unilerm.
INDEXING
Main system \iphabetical.

Agsessient

U.bD.C. A 533.86.013.4 Biability

B 518.12 Method of numerical caleulation

£ 533.604.5.001.1 Design of controls

CAR : AB.
Bad. Indexer indexed stability of control surfages under aerodynamic section
and ignored the aircrdft engineering section which should have bsen indexed,

ALPHA, STARILISERS - Application
STABILISERS - Design
AEROPLANES, PILOTLESS - Stability. Contr cﬁ
STARBILITY -~ Control. Calculation
INTRGRALS - Solution
BESPONSE, TRANSIENT
STABILITY DERIVATIVES - Calculation
Adeguate. Document found at first attempt under STABILISERS.

FACET Cp: Ob: Vhd: Yz. Calculation: Design: Stability: Control surfaces.
Tha indexer indexed the stability of control surfaces only. Did net mention
autopilots, pilotless aircrafi which would have been sensible places.

UNITERM Caleulations Systems
Stability Fguations
Optimuam Pilotless
Nonlinear - Pilots
Design

Asp Facet.

ASBESSMENT OF SRARCHING

Uu.n.C. 826,13, 014, 584+ Automatic Pilotst+ No.
828, 135, 29+ Pilotless airgrafit No.
523,6.013,15 Pliching moments

£33, 685 Aeroplanes

AB+ No. BA+ No,

533,6.013.412 Longitudinel stability
533. 665 AB+ No.

533.6.013.412

£539,135.27 AB+ No.

1
2.
3

h &
mepme weer

Adequate.
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ALPHA, STABILISERS. Found under subheading 'Application’,
at the first attempt,

FACET Bn Ewm Nub Piiching momentis: Autopilots: Pilotless
aireraft, Checked chain index under Pitching moments plus either Auto-
pilots or Pilotless aircraff. No.

Bn Pilotless aircraft. Checked in classified section. No.

Ewm Autopilots+ Ob Stability. Checked in c¢hain index
under Stability + Autopilots. No.

FZwm Autopilots, Checked in classified section under
Autopilots. Ho.

Adeqguate,

UNITERM PITCHING Mo PILOTLESS Yes
MOMENT No AIRCRAFT Mo
STABILISERS No STABILITY Yes
AUTOMATIC No RESPONSE No
MISBILES Mo

Adequate,

SUGGESTED RE-INDEXING

.. C. D 629.13,014.59 Automatic pilots
B O640.135,2% Pilotless aireraft
0. =,

Adeqguately indexed. Perbaps plus PILOTE, AUTOMATIC,
MOMBEWTS, PITOHING,

Bwm Nub Autopilots: pitching moments

Bo Nub Ob Stability: pitching moments: pilotless sircraft.
BTARILISERD PITCHING

ATUTOMATIC MOMENTS

18 minutes, alithough the indexer took 18 minutes, Appears
indexing the main system adequately snd not encugh time

noticed that, with all the indexers, there i a tendency

> words used in Facet {which ig on the same side of
ther terms used in U.D. C, and Alphabetical,

. to he 'asqueezed into! Facet in a rather unsatisfaciory
ihroughout. It appears that the indexer must have spent
1e document and indexing by the main aystem and too
Little fime in the so ary sysiems.

gy

way., Indexing failuy

mueh

Indexing

CIndexing

Indexing
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QUESTION 58-07 "Value of model testing for predicting instability
of structural elements’’.

Assessment Rather a vague guestion. Purther information would have
been asked for had the guestion been posed in a library., What structural
elements particularly are meant ?

DOCUMENT P18806. Study of size effect In shest-stringer panels.
Assessment NACA Technical Note. 8 pages of iext, 20 pages of figures,

tables and photfographs. Good summary, but the emphasis in the report is on
the effect the difference in size has upon calculations made in sheet siriiger
panel models. This emphasia appears to bave been ignored by the indexer.

FAILURES U.D.C. Faget. Uniterm.
INDEXING
Main sysiem U.D.C.
Asseasment :
U.D. C. A 689,715 [7075-T§] B 621.415 C 620.173

Ignored model testing and siringer panels but managed {o include
aluminivm alloys L 1.

ALPDA, Ignored the same subjects as U.D.C. PANELS and

SHEETS are two separaie headings which I think should be made oneg.
FACET Ignored the same subjects as U.DnL C.
UNITERM Ignored the same subjects as U.D.C.

ABSESSMENT OF SEARCHING

U.D.C. Tried only analogies 530.17. Ignored'structural elements’
part of the guestion.
ALPHA, Searcher's train of thought led from MODELS, STRUCTURES

{o PANELS - Stability and PANBELS, ALUMINIUM ALLOY to SHEETS,
ALUMINIUM ALLOY.

FACET Searvcher gave up without trying, or he said that the question
was too general to be attempted with the Facet chain index,
UNITERM Adeqguate,

SUGGESTED RE-INDEXING

u.n.c. 3 530.1%7 Anslogies
I 829.13,012,.723 {do not like this number but only place
for Stringers)
DEA: BIY: ED: DE

ALPHA, MODELS, STRUCTURAL
TACET Fbk Fih{Zs)Rqg Vi Tesis: compression: model: panels: sirvinger.
UNITERM MODELS

STRINGHERS
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COMMENTS

Time allowance 2 minutes only. Obviously influenced the indexer, but I
feel that he should have realised the importance of the size effect.

General A difficult rather vague question for which to search,

It should have been supplemented with further information. The importance
of size effect should have been sufficiently indexed as it surely can be
applied to different structural elements. Generally the indexer failed to
bring out "Model tests®.

REASONS FOR FAILURE

U.D.C. {1) Indexer
{2} Searcher
{3} Question

FACET {1) Searcher
{2} Question
{3) Indexer

UNITERM (1) Indexer
{2) Searcher
{3} Question




GUESTION 57-08  "Flexurse torsion Duiter charactevistics of
aerafoila’™,

A 852850

Fair question which should have iraced the document.

DOCUMENT P15724, Measurement of {be derivative 3, for oscillating
qmg’s; in caseade. College of Aeronautics Report 93,

%sssﬁsmﬁ'ﬁm College of Aeronautics Report. 14 pages of text and figures.
xperiment to measure the damping derivative for reciangular

zﬂ;mgs in cagcade, Describes the apparatus and methods of test.

FAILURES U.3.C, Alphsbetical. Facset.

INDEXING
Maln sysiem Alphabetical.
A

gess soment

b, Bad., 534.14 Methods of exciting vibrations, used instead
“333 ” ?23 422 Flutter. Presuwnsbly careless due to lack of time.

Pair indexing, but the use of WINGS, OBCILLATING and
ar is “n,th\f}? ambiguous. Ip this case the first was uged

whm %"‘m second could have been used egually as well.
FACET KAdeguale.
UNITERM Adeguste.

ASBEESSMENT OF SEARCHING

U.n.C, Adequate. If document indemed correctly, ahonld have besn
traced. ’

ALPHA, Inadequate. Seavcher tried ARROPOILS only - dld not try
WINGS,

FACET Searcher gave up a8 toe many entries In the chain index
under Flutier and Wings.

UMITERM Found.

SUGGESTED BE-INDEXING

’ileffgr_;gs. Band A 533.6.018.422
AR BA
Document would have been traced.

ALPHA WINGE ~ Flutter. Better searching, document would have
baen found.

FACET Wothing to add,

UNITERM Nothing to add.



COMMENTS

Time allowance 2 minutes.
due to this.

Careless indexing in U, D, C. presumably

General
.00, Indexing failure because of carelessness in finding the
corract place for Oscillations.
ALPHA. Inadequate searching.
FACET Searching fallure due o the multiplicity of entries in the -

chain index undeyr Flulter and Wings.

REASCONS FOR FTAILURE

u.n.c. Indexing
ALPHA Searching

PACET Searching



{
)
o]
a3

i

QRUESTION 57-10 ‘'High strength alloys®.
Assessment General question, which would have brought out sufficient

Siher doewments to satisfy the enguirer if he were not able to give more
details. Should also have traced the document indexed, if very general
headings had been used. {Against our gysual indexing procedure of indexing
as specificelly as possible). A too general question for a specific article.

DOCUMENT P15760. High strength aluminium casting alloy 408
DTD 5008, latest developments and foundry experience. Metallurgia,
Vol. 55, Jan-June 1957, pp 79-85.

Assessment § pages from Metallurgia. The article is specifically on

s

s

the method of melting, casting, moulding, application and propsriies of
aluminivm alloy 408, Most of the article concerned with casting the alloy.
Has a8 good swmzmary,

FAILURES U.D.C. Alphabetical, Facet.

INDEXING
Main system Alphabetical.
Assessment

YD L. A 889,715 {(DTD 5008} Aluminium alloys YT 5008)

B 688, 7156 (408) Alwmninium alloys {40E)

¢ 621,746 Casting

AC:BC: CA: CB
Indexed nnder DTD number, 408 and casting. Fair, {On actually checking
U.D.C., I find three more places in which this could have baen placed:

1, 668.018,28 Casting alloys
9. 669.715-141 Sand cast aluminium alloys
3. €60,018.45 High strength alloys.

ALPHA, ALLOYS, ALUMINIUM (DTD 5008) Casting
ALLOYS, ALUMINIUM {40E) Casting
Ag in U.D.C. there are two other possible places for entry:

1, ALLOYS, CASTING, ALUMINIOM
9, ALLOYS, HIGH TEMPERATURE

1 Peal-a (DTD 5008) @b Casting: aluminium alloys (DTD A008}
2. Peal-s (40B) Qb Casting: aluminium alloys {40E)

Found undsr Pacet, but no move detaile entered., Searcher, who was also
indexer, apparently had remembered indexing several articles in high sirength
sluminium alloys, and so she went to the classified section under Peal-a where
she Tound document,

UNMITERM Alloys 400

o * Aluminivm Casting

500 TD

FACET



smperatore alloys.
getion stated, cbvicusly expecti

ACET i, BplZan ‘wgg strength, Checked the chaln index

‘m& four places with Rpianl+ emh&:z«
%Z%%,eeis} Mo,

wr &\, Checked the chain index at

+ Pe-n {Alloya) and Pf {Bteeis).

. Beavcber had a vagus recoilsction
les on high strength aluminiwg alloys,
w é‘irmﬂ the cards with combination of
ailoyel and Ssd {High temperature).

L+

articles on high

Yes STRENGTH No
PROPERTIES  No

apinutes. In the {lme allowed, *{he,a indexer indexed the

jocmnent.

5,

(25

9

ig undecids 2l each document separaiely and specifically ©
the best of his ae}my x“: EH?ﬁ ache rm, or o give even indexing thronghout

cengih: or under 8sd. High temperature to agual
Uniterm - ,&hleﬁv to do elther or both.

i’;«

{ meani ﬁg:, High: Sty
exing *Hﬁ; sther sys

eation schemes shown. Very often the luds

rm&. o.g. High strength alloys In U, 0L C, go w %ﬁ&“
The same with Alphsbeticsl. Facet can be pul undeyr

Woald have taken another Z-3 minules

&

i
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2. A general quesijop prepared from a specific document which has been
indexed specifically, The question would have been betier anaweped by
ather documents, or 2 chapter in a general work on mefallurgy.

3, Indexing insufficient. If entries had been made under High strangth
alloys throughout or where there is no place, ‘high temperature allays'.
the document would have been iraced. Due to time control of 2 minutes.

REASONS FOR FAILURE

U.D.C. {1} Question
{2) Indexing
ALPHA, {1} Question
{2} Indexing
UNITERM {1} Question

{2) Indexing




QUESTION 75-08 "What are the serodynamic characteristics of an
tarrow wving' at high Mach nmunbers”
Assessmeni Misleading question. Mach 3 i8 not 2 high Mach number,
3 of the searchers chacked the indexss under ' hypersonic! instead of
tgupersonict,

Wl P17501, Ideslized wings and wing-bodies at a Mach number
MACA THM.4381.

Assessment WACA Technical Note. As the Hrst paragraph states, the
Durpose of the paper is 1o describe the thegreticsl possibilities for obtaining
rag ratios ai Mach 3 .... for ﬁeim arrow wings, and wmgwbedy

ons., No summary. 8 mag@ § daxt.
FAILURES .0, Facet. Uniterm,
INDEZING
Main system Uniterm
Assessment
U.D. . A B33.69% Wings
B 533.685,12 Wing-body combinations
© B33.6.013.138 Lift
D 533.6.011.5 Bupersonic flow
ACD FDC : BCD @ BLC
Would have been better to have indexed 553,883, 34 {Arrowhead wings)
533,693, 31 é;‘?elm wings) but probably had no time.
ALPHA, WINGS, SUPERSOWIC - Lift~drag ratio

COMBINATIONS, WING-FUSBELAGE, SUPERSONIC -
Ldft-drag ratic
Should also have indezed under arrowhesd wings and delia wings.

FACET 1. Ceo Cd Ea Nbk Ng Lift: supersonic flow: fuselages:
wings: combinations _
2. Cd Hbk Ng Lifi: supersonic flow: wings
Should also have indexed under arrowhead wings and delia wings.

UNITERM Wings Supersonic
Bodies L4t
Fuselage Drag
Combinations Ratios

Should alzo have indexed under arvowhead wings and delia wings.

ASSESSMENT OF SEARCHING

u.n.C. 1. A 533.683.34¢ Arvowhead wings
B 8335.6.011.585 Hypersonic flow
AB No,

Z. A HNo.
Adeguate, although misled by high Mach numbers,

ALPHA, WINGS, ARROWHEAD, SUPERSONIC ~ Aerodynamics. No.
WINGS, ARROWHEAD, No.
WINGS, HYPERSONIC. HNo.
WINGS, SUPERSGONIC. Found at subheading Lifi-drag ratio.
Should have been indexed under arrowhead wings and delta wings.
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FACET Cd WINGS {Imd) ARROWHEAD
Cd {Imd}+ No.
Adequate, although ignored Nbm Hypersonic Flow.

UNITERM ARROWHEAD No TRIANGULAR No
WINGS Yes HYPERSONIC No
ARRODYNAMIC DNo CHARACTERISTICS Ho
Adeqguate.

SUGGESTED RE-INDEXING

U.D.C. Instead of 533. 883 should have
A 533,683.34 Arrowhead wings
£ 533.693.31 Delta wings

Document would then have been found.

ALPHA, WINGS, ARROWHEAD, SUPERSBONIC
FACET Cdllmd)Nbk Ng Lift: supersonic flow: arrow: wings
Cd{Ij)Nbk Nq Lift: supersonic flow: delta: wings
UNITERM Arrowhead. Delta.
COMMENTS

Time allowance 4 minutes. Obvicusly the indexer felt that he had no time
to index delia and arrowhead wings separately.

General Three concepts in the question: {1) Aerodynamic characteristics

{general). (2) Arrow wings {specific). (3) High Mach numbers {specific}.
1. Too general as article indexed specifically under 'lift’.

2. Specific - not mentioned by indexer.

3. Misleading - should have been !supersonict .

REASONS FOR FAILURE

1. Question. The searchers checked 'hypersonict, as the question refers to

high Mach numbers.
2. Lack of indexing. If the indexer had indexed ‘arrowhead' and 'delta’, the
documents would have been found in all cases,

Summary
U.D.C. {1) Question
{2) Indexing
FACET {1) Guestion

{2) Indexing

UNITERM {1) Question
{2) Indexing



QUESTION 78-08 “Hequired: eguation for stresses and deflection
antrated load {not af the ~entre} on a clamped

produced by a single con
circular plate®

l}ﬁ mra —z;zwfﬂcas and in comparison to the iitle, this appears
1 Tead 41"ng the article, the theory of stresses in a
ing, followed by an extension io the theory

P178585. Displacements and stresses of alaterally loaded
ite with clamped edges. Jdnl. Applied Mech. Vol, 26,

essment As the title suggests, plus the theory on stresses in circular

8. A three page ariticle, with approximately only one full page of text,
remainder being eguations, tables and figures,

Uniterm

in sysiem Facet,

&sss sement

LEPHA, PLATES, SEMICIRCULAR - Stress analysis
uid have made entry under *Plates, clrculart too.

BT Fiel{lgh)Rm Xy Analysis: siresses: semicirenlar: plates.
Indexed ‘semiciveulariplates and ignored feircular? plaies,

Displacement Plates
Stresses Analysis

SF SEAR CHING

1. 821-415 Plates
531,282+ Siress distribution
AB+ Found

ALPHA, . PLATES, CIRCULAR - Siresses No,

2. PLATES, CIRCULAE - Deflection o,

Adequate from guestion. No reason for the searcher to check wnder semi-
circular nlates.

i. PFfe Plates {ipc)Circular Fle(lpel No.

4. Fgd Discs. No.

uestion, INo reason for the searcher o check under semi-

Wv ;_X {v T M
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UNITERM PLATES Yes DEFLECTION No
CIRCULAR No EQH&TXGNS Ho
FIXED Mo Mo
STRESSES Yesn

Adequate from guestion. No resasen for the ssarcher to check under semi-
circular plates,

SUGGESTED RE-INDERING
.D.C. Not nscessary
ALPHA, PLATES, CIRCULAR - Stress aualogy
FACET Fiellpe)Rm Xy Analysis: stresses: eircular: plates
UNITERM CIRCULAR

COMMENTS

Time allowance 2 minutes. Obviously limited the indewxer, but I feel that
he might have had time for the extra entries.

General Prosumebly lack of time was the reason for ihe inadequate
“indexing although I fesl thut the indexer shonld have been sbie to include the
above. Though perhaps be read only the title and indexed this. {Circular
plates are mentioned in the summary too).

REASONS POR FAILURE

ALPHA, indexer
FAQE;LI‘ Indexer

DNITERM Indexer



QUESTION 79-08 4 Reynolds number on measurements of
pitching moment at transonio speedg”e
Assesgment Appears fo be a fair question, though one would expect a

document generally on the methods of ¥ “E@agurmg pliching momenis to be
traced, rather than an article snthe st ty of a particular type of model
airceaft. Normally an indexer is zsareml 1o index as completely as possible,

including the type of wing, body, ete. with which the aerodynamic character-
imtics gcour.

0 “’%’EML"NB“” 21 ?%1‘3 Longitudinel stability and control characteristies
i f & super sx,m airplane configuration al transonic speeds
from tmsitﬂ by Lhﬁ N LA wing~flow method., NACA BM LGB30.

sgessment A NATA RM. 8 pages of text with 22 pages of figures.

saod, - VGE"'}‘” detailed summary. The aevoplane model specified has a long
lage, straight w'izzg and tail of low *«::smem ratio with double~wedge asrofoils -
4.6% chord thickness, Describes apparsius and tesis.

7.2.8, Alphabetical., Uniterm,.

Main gystem Undtern.

Pt

R

Lrpogsme ‘Jz’%
Wik hiamrirabddl

u.n.C.

3.412 Longliudinal stebility

Liongitudinal c@zzwe}i

@'mg flow method

"?“ams@réc flow

T BLMD : CAD : CBD

P conirol in transonie flow and model
18 ignored types of model, stc.

WL, - Wing flow tegte
MAL - Wing flow {ests

longitudinal controls transonic flow
¢ longitudinal stability: transonte flow

w

U.D.C. 1. A B33.8.013.15 Pliching moments
#H 533.8.011.12 Reynolds number effect
%i”;} 533365%3& “M,p&cmﬁ flow



Inadequate.

ALPHA,

Inadequate.

FACET
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2. BA No.

3. A No.

4. B HNo.

1. REYNOLDS NUMBER No.

2. MOMENTS, PITCHING No.

3. WINGS - Moments, pitching No.

{a) WINGS, TRANSONIC - Moments, pitching No.

1. Nbj Njm Nub Pitching momenis: Reynolds number:
Transonic flow.
2. Nbj Ocb Found. Longitudinal stability: Transonic flow.

Found because searcher thought of irying ‘longitudinal stability', which is
the next logical step from 'pitching momenis?.

UNITERM

REYNOLDS No MOMENTS No
NUMBER No TRANSONIC Yes
MEASUREMENT No FLOW Yes
PITCHING No AERODYNAMICS Ne

Found. As Facet.

SUGGESTED RE-INDEXING

General

Not necessary to re-index for the form of question, as it

should have been found by the searcher. Would take too long to index adequately
the whole of the document.

COMMENTS

Time allowance

2 minutes which I think for the question in adequate. If the

indexer had been allowed any more time he would probably have indexed in
much more detail and omitted the general headings he made.

General

In this case, I feel the timme allowance was sufficient to enable

the document to be iraced from the question. A general question for a specific
paper. Searching failure throughout. The searchers should have tried
ilongitudinal stability’ and if they had done so they would have traced the

“ document without any trouble.

REASONS FOR FAILURE

U.D.C.
ALPHA,
UNITERM

Searching
Searching

Searching
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QUESTION 30~08 "What is the average decrease in gas consumption
per horse power hour for reciprocsting englaes in the course of their history™.

Assesament A feir guestion on the surface. Vet, afler reading the paper
{15 minutes) I found a singie sentence upon wiamh the guestion is based.

"It must be remembered that the gas consep an of reciprocating englnes wsed
to be 1/10 of a gallon per horse power hsmr which amounted to sbout 8.6 Ib.

per h.p. hour and yet today this has been reduced to almost half this figure™.
This information is certainly not sufficiently exact to satisfy the questioner,

A Yrick® guestion.

DOCUMENT P13058. The Economics of large aircrafl. Aero. Eng. Review,
Vol.18, April 1956, pp 48-85,
Assesament 7 pages in length. An article sbout the history of flying boats,

present and future uses, together with costs, capabilities, fuel consumption, etc.
A quite detailed, meaty article, with the single sentence upon which the guestion
iz based tucked away on page 8,

FAILURES U.B.C. Alphabetical, Facet. Uniterm.
INDEXING |
- Main s -s*é::eg} Pacet,
Agseasment
U.D.C, & B33.655.2,001.1 Design of float seaplanes
B 620.138.52.001,1 Design of flying boats

A:B
He should have made sniries under the emnami es of {flying boats, ete.
This woild not have traced the docwment, but it would bave been better
indexing.
ALPHA, FLYING, BOATS - Design
ABROPLANES, TRANSPOUT - Dasign
Assessment as U.D. C.
FACET {1} Bl{Abd}Vbd Design: cargo: sireraft
{2) Bef Vbd Design: fiyving boats
{8} BlAba)Vbd Design: iranspori: aiverafl
Agsessment as U. 0. L.

UNITERM  Design Preight
Flying boats Waight
Transporis ‘ Payload
Alrcraft

Azsessment ag U.D. C.

ASSESSMENT OF SEARCHING

U.D.C, A B21.43.018.35 Fuel consumption
B 629,13.0856.7 Fuel conswmption meters
C 621.432 Piston enginss

{1y A - HNo
{2} B - HNo
{3} € - No

Adsgunie searching.
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ALPHA, {1} Engines, piston -~ No
{2) Fuels - Ne
{3) Fuel consumption - No
Adequate searching.

FACET {1} Gb Pision engines - No
{2) Gc Piston engines, by cycle ~ No
{3) Gdg Radial engines - No
Adeguate searching.

UNITERM Engines - No
Reciprocating - No
Piston - No
Aeroplanes ~ Neo
Petrol - No
Consumption - No
Life - No

Adequate searching.

SUGGESTED RE-INDEXING

u.n.c, )

ALPHA, ) Could not re-index to trace document without being
FACET ) completely unfajr to the indexer.

UNITERM )

COMMENTS

Time allowance % minutes. Could not posaibly have indexed information at
all unless he did word by word indexing.

General A Yrick' question. Obviously the questioner was determined
o find a part of the paper that wo uld not have been indexed.
REASONS FOR FAILURE

Mean guestion on material that could not have been indexed without spending
all day on one article.

Summary
u.n.c. Question
ALPHA, Question
FACET Question
UNITERM Question
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QUESTION 44-10 "Cooling the engine in high speed flight",
Assessment On the surface, and when searching, the question appeared

to be too vague, One wanted to know what type of engine was meant. However,
the articie is about the use of fuei in any type of supersenic engine & g0 one
can see why the question was thus phrased.

DOCUMENT P14478. Fuel systems for supersonic engines, Royal Aero,
Soec. Jnl. Vol.60, 18958, pp 654-658.
Assessment An article iz about fusl systems, and the conirol and use of

fuel for cooling supersonle englines, It is a full article which would take ten
minutes to read carefully. There is a good iniroduction, which adequately
summarizes the contenis and in this introduction the use of fuel for cocling
purpogses 18 mentioned. Injection meihods are mentioned, and graphs of fusl
temperature st different altitudes sre given.

FAILURES U.D.C. Alphabetical. Facet. Uniterm.

INDBEXING
Main system .. C.
Assessment

Uu.n,C. A 628,13.012.5358 Fuel systems, alreraft strudtures.
Incorrect. Caused by bad printing in the alphabetical index. Should have
added 3.

B 621.43,032 PFuel systems, heat engines

C 629.13.072.2 High speed aircrafi

AC:BC:CA:CB
No mention of cooling or engines in general.

ALPHA, Only entry FUEL SYSTEMS - Design.

Inadeqguate.

FACET Gn Vbd Design. Fuel systems

Inadequate.

UNITERM DESIGN ENGINES
FUELS DEVELOPMENT
SYSTEMS INJECTION-ORS
SUPERSONIC

Inadequats.

ASSESSMENT OF SEARCHING

U.n.C. {1} A 821.438 QGas turbine engines

B 621-71+ Cooling
AB - No

{2) C 521.438.086.4 Ducted fan engines
CB - HNo

{3) b 621,43B.085.5 Free turbine engines
DB - No

{4} B 621.438,084 Jet engines
EB - HNo

{5) ¥ 621.438.086.2 Propjet engines
FB - HNo




{8y O 621.439.2 Pulsciel engines

GB - No
{7y H 821.439%.4 Ramjet engines
HB
Adequate searching from the information obtained from the question.
ALPHA . {1} ENGINES, GAS TURBINE - Cooling No
{2} ENGINES, ROCKET -~ Cosling No
{3} ENGINES - Cooling No
{4} ENGINES, RAMJET - Cooling No
{5) COOLING SYSTEMS No
Adequate searching from the information obtained from the guestion.
FACET {1} INbhm Ste Cooling: Hypersonc flow. Checking in the

chain index under Cooling. No entry.
{2} Bic Cooling. 22 places - No.
{3) Gt Cooling systems - No.
Adequate searching from the information obtained from the question.

UNITERM Cooling No Flight HNo
Engines Yas Supsrsonic Yes
Adequate searching from the information obtained from the guestion.

SUGGESTED RE-INDEXING

U.p.C. A 621,438 Gas turbine engines
B 681-71 Cooling
AB: BA

ALPHA, BHGINES - Cooling
COULING SYSTEMS

FACET (a Btc Cooling: Engines

UNITERM Cooling

COMMENTS

Time allowance 12 minutes. In this time, I think the indexer should have
covered the use of fuel for cooling purposes.

General - The indexer obviously felt that the question asked from this
document would be covered by eniries under 'Fuel systems' only and ignored
the possibility of entry under methods of cooling the engines.

REASONS FOR FAILURE
Fault of the indexer entirely, She had time to index this particular aspect of
the paper, although if she had indexed other aspecis, such as flow rate of
fuels, tempersature of fuel, ete., all of which are dealt with in the paper, she
would have spent approximately 20 minutes in indexing.

Summary
Uu.n.Cc. Indexing
ALPHA, Indexing
FACET Indexing
UNITERM Indexing



GUESTION
T forecast ting of load

n engineering @:1@*3 factors in
i of asroplanes

Amsess sient sdite a fair cvestion which was Ufted from the last
gentence of the }

DOCUMENT T15744, Some aspects of prediction of load spectrum
ﬁ?ﬁar al rpi@mesa AGART: Heport No, 108,

2 is not about aevodynamiec loads, as the indexer has

e to lack of time {2 mins,) in which to assimilaie 2

G pa e dm«ument} %‘s ut about load specirum and fluciunations. It has izken
minutes o read the introduction, main headings, conclusions and onz

or two other necessary sections to clear this maitter up. A full and detailed

rep@rﬁ;*

B

FAILURES U.D.C. Alphabetical. Facei., Uniterm.

INDEXING

Msain system Alphabetical,
Assessraent
T.D.C, £ B33.89.048.1 Aerodynamic loads
B B19.2 Siatistics
C 628,153,012 Adrvcrafi uctures
CAR . ACB

t have used 533.59.048.1 Aerodynamic loads.

STRUCTURES, AIRCRAFT « Loads, aerodynamic

STRUCTURES, AIRCRAFT - Loads, manoeuvring
LOADS, AER QQYEAMEC Statistical analysis

Should not have used 'Loads, serodynamict but 'Loads, manceuvring!

wasg gulis in order.

S

PACET ¢ Npb ¥d n“th )i Aerodynamic loads: Alreraft
structu o incorrect.

UNITERM Lioads: Aldrcrafl: Biructures: Spectrum: Calculations.
Missed tAs fAerodynamict out for sorme reason, bul added 'specirum’,
therefore should have been found.

AGARD INDEXING 825.13,012 Alrcrafi structures.

ASSESSMENT OF SEARCHING

U.n. . A B24.042 Calculation of loads

B 811 Human engineering

£ 8285.13.012 Aireraft siructures

I3 824,048 Permissible loads

{t} AB - No. {2)B - WNo. (3) CAB -~ No. (4} D - No.
Good - if the document had been indexed properly, it would have been found.

ALPHA, {1} HUMAN ENGINEERING - No.

{2) ABROPLANES - Loads - No.
Bad - if it had been searched for adequately, under STRUCTURES, AIRCRAFT -~
Loads, it would have been found.




FACET €1} Mup Pilois {in chain index}. 11 searches -~ No.
{2} Zz {Human engineering) - No.

Bad - concentraied on human engineering - ignored all other aspecis.

UNITERM PILOTS Ko STATISTICS No
HUMAN No AIRCRAFT Yes

LOADS Yes
Bad - should have tried 'spectrum® and 'calculations' and document would
have veen found.

SUGGESTED RE-INDEXING

v.n.C. A 529.13.012 Aiveraft structures
B 524,040 Loads, permissible {not happy about this
number, but appears to be the best place)

(O 5 4

AR : BA : CAB: BAC: ABC
ALPUHA, STRUCTURES, AIRCRAFT - Loads

HUMAN ENGINEERING
FACET C HBq ¥n Statistics: Loading: Alreraft structures
UNITERM HUMAN

ENGINEERING

COMMENTS

Time allowance 2 minutes - only allowing time to read the title and index.
This is a 40 page report, Although the indexer made 2 mistake in assuming
! Joad spectrum! referred to aerodynamic loads, this would have probably
been corrected if more time had been allowed for indexing.

General Without touching on the pilot factor in the question, this
dooument would have been found for reasons below. To index it to include the
pilot factor would have taken approximately 20 minutes, as one would have
included manoeuvre of aircraft, stresses in structures, military transport, ete.

REASONS FOR FAILURE
A combination of bad indexing, which shows up particularly in U.D.C, and
Facet and bad searching, in Alphabetical aud Uniterm. The document would
have been found under these last two systems if the searcher had beea thorough
enough, but would not have been found in U.D. . or Facet because of the
incorrect Indexing.

Summary
U.D.C. Indexing
ALPHA, {1) Searching {2} Indexing
FACET Indexing

UNITERM {1) Searching {2) Indexing
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QUESTION 21-08 “"Comparison of ealeulaied and sxperireental perform-
ance of an axial compressor stage having constant staior inlet alr angle of
50% resction ai mean stage radins®. ‘

Assessment A detailed question, which if the document were indexed and
searched for adequately, would give the reguired document.

DOCUMENT P12138. The design and tes%ng of an axial compressor
having a mean stage temperature rise of 30°C. N.G.T.E.Report 148.

Assessment N.CL.T.B. Report with il pages of text and 12 pages of
figures. A half-page summary. The report describeg a cormpressor
designed to give a mean stage {emperature rise of 30°C. Details of the
six siage characteristics are given. A fnll deseription of the design of
the compressor, periopmance and testing are given.

FAILURES Alphabetical

INDEXING
Main system Alnhabatical
e Ao A &
Assegsment

u.D.C. A §21.438.031.3 Axisl compressors

B 5335.88.048.2 Pressure distribution

€ B538.5 Temperaiure

b 621,438.031,3.018.5 Performance of axial compressors
D:AB: BA : AC : CA. Covered the performance of axial compressors with
B21.438.031.3.018.5 also pressure distribution, temperature and axial
compresgors at §21.438,031. 3.

COMPRESSORS, AXIAL -~ Pressure digiribution. Tests,
COMPRESSORS, ANIAL - Temperature. Tesis.

An important imulication of the paper is the design of the axial compressors.
If an eniry had been made under COMPRESSORS, AXIAL - Design, the
document would have been found at the second atiempt. Also 'performance’
should have been included as a subheading.

PACET Gf Gwd Gyb Seh{ZdblVi Tests: rise: temperature: six-siage:
axzial fiow compressors: gas turbine engines. Ignoved 'design’ of awial flow
compressors. Also went up to Gf Gas turbine engines. I do not think thia

essential,

UNITERM Tesia Compressors
Temperature 800
Eige Blowdown
Engines Periformance
Gases Design
Turbines Pregsure
Awial Bistribution

Blades

Adeqguate.
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ASSESSMENT OF SEARCHING

U.D.C. Qood; the searcher iried 'Performance of compressorst
at 621.438.031.3.018.5 and traced the document immediately.

ALPHA, Good; the searcher used the same search programme as
U.D.C. but drew 2 blank. She then tried ¥Compressors - Design’ and finally
the whole section under INTAKES. She did not try the complete section -
COMPRAESSORS, AXIAL as she thought that either of the two subheadings
alrealy tried should have traced the documenti. Also there would be over
150 cards to check.

FACET The searcher tried *Axial flow compressors! whole section
of 150, and then looked in the chain index. Document was traced under

Gf Gwd plus 16, I think that he should have insisted upon some qualification
before checking under whole section.

UNITERM Found under *Compressors: Axzial: Performance: Stages!.

SUGGESTED RE-INDEXING

U.D.C. Unnecessary.
ALPHA, COMPRESSORS, AXIAL - Performance
COMPRESSORS, AXIAL « Design
FACET Gf Gwd Gyb Vbd Design: Six~stage: Axial-flow compressors:

Gas turbine engines.
There is no placing for 'Performance! in Facet, other than the gection referring
to performance of aircraft.

UNITERM Unnecessary.

COMMENTS

Time allowance 16 minutes allowance. 17 minutes teken. In this time, I feel

that the document should have been indexed in more detail in Alphabetical.

The indexer should have had time to equate the entries in each system. {it is
impossible to enter 'Stages' in Alphabetical or U.D.C., as there is no suitable placel.

General

{1} Although Alphabetical was the main system, the indexer included more in his
U.D.C. eniries. If he had covered the same, i.e. by the addition of the sub-
heading 'Performance? in Alphabetical, the document would have been traced

at the first attempt.

{2} The searcher in Facet checked the whole section in the classified caialogue
under Axial flow compressors at Gwd, although the searcher in Alphabetical
would not try the general heading COMPRESSORS, AXIAL, as she considered
it should have been t{raced under the subheadings chosen.

REASONS FOR FAILURE
ALPHA. Indexing.
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APPENDIX 8A

LETTER TO THOSE ASSISTING IN COMPILATION
OF BIBLIOGRAPHIES

We have recently zent to you a copy of the interim report on the fest prograrmame
of the investigation into the comparative efficiency of indexing systems. As is
discussed in Section 5 of this report, we wish to test the basic test programme.
The purpose of doing this is to stlempt to discover whether the methods used
in the basic test programme have any factors which wnduly influence the reeuils
that have been obtained.

The supplementary test procedure which has been devised to do this is of a kind
for which we are agein seeking co-operation of those interesied in the project.
One hundred questions have been selected from those which were originally
prepared for the basic test programume. We are sending to you and to sli those
whom we hope might be willing to help, five of these guestions, and would ask
you to prepare lists of references to all documents that might conceivably be of
use to anyone requiring information on these guestions.

When these lists are returned to us, we will check them againegt the documents
that have been indexed during the project, end hope that we shall have for each
question one or more references to documents which have been indexed. Such
documents will be submitied to 1 subject specialist, who will be asked to review
them and decide which are relevant {o the guestion, at the same time denoting the
degree of relevance in a scale from 0 to 4. We ghall then search in the catalogues
with these questions and the objects of the search will be those documents which
the subject specialist considers to have gome relevance., This method of testing
will differ from ocur original method in thai the langhage of the document will not
be tied in to the language of the question, and in that we shall net know how many
references should be retrieved. It may be thai there will be no other relevant
documents or posgibly, for a general question, there may be one hundred or more.

It will not only be a measure of the success of each search as to the retrieval
of relevant documents but also the non-retrieval of documents which have been
adjudged irrelevant. Therefore we ask those compiling the original lsts not
to be too selective; in other words we do not ask you to ensire that every document
included in the list ig definitely relevant to the question. It ls sufficient i, from
the title, it appears to deal with the subject,

if you are willing to help, I would add the i’oﬂswmg pwimsﬁm

i. Do not include in your lists any documents published prier to 1852 or
after February, 1880,

2, Do not include any documents that have any security restriction.
3. Do not include any documents that are not written in English.
4, Please do includs in the list all reference {with the exceptions given

above) that you can locate by any means; in other words, they shall not



- 251 -

only include entries from the index which you yourself might compile,
but also from any published abstracts, annual indexes, other biblio-
graphies, etc.

8. It is unnecessary to quote in the lists anything more than the source
references and the author, e.g.

NACA TN. 3765 by Wong
Jul, AerofSpace Sciences, 1958,
pp 16-22 by Griffith.

We have an index filed according to sources and authors, and can therefore
easily find by this method whether any documents have been included
in the project indexes.

i can assure you that the assistance which you have already given te us has
proved of value; if you are zhle to undertake this additional task, we shell be
equally grateful. If you do not think that you can spare the time, please could
you let me know as soon ag possible so that the questions may be redirected {o
somebody else. If, however, you are able io help, I should be grateful if yvou
could return the lists to me by the end of January, 1861,

PQ 71 Panel flutter analysis.

PQ72 Comparison of alclad and unclad aluminium sheets riveted together and
subjected to fatigue loading.

PQ 73 Effect of shear lag on transverse oscillations of thin-walled cylindrical
beams.

PQ 74 Vibrations in 45° delta wings ~ deflectional behaviour under static tests,

PG 75 T-ypes of failures of pressure cabina.



- 353 -

APPENDIX 7A

ANALYSIS OF RESULTS OF TEST ON ENGLISH
ELECTRIC FACET CATALOGUE

The reasons for failure have been divided into four main sections aa follows: -

1. Question

2. Indexing
3. SBearching
4. System

Within each section there are a number of sub-divisions which in the main
correspond to thoge used for the analysis of the test of the Aslib Cranfield Project,
but it has not heen necessary {o use all these sub-divigions. However, some new
sub~divisions have been added to cover reasons for failure applicable only to the
English Electric tegis. In many cases the reason for failure to find a particular
document can be iraced to two or three causes, aud thevefore the enalysis will

show the same fallure coming up under different headinga.

The first part of this appendix is a summary of the analyses grouped according
to the main reasons for failure and it is followed by a few examples of the detailed
analysis.

PART 1. SUMMARY OF REASONS FOR FAILURE
1. QUESTION
Too daetailed.
34. This one search failed because the question was too detailed to

enable a reasonable search fo be made. The article dealt with friction
and wear occuring in nickel-alloy solid lubricani systems whic&i the
indexer placed at Led {Solid lubricants). The guestion, however,
required speéific properties of graphite, and the searcher insisted

upon "graphite" as an essential concept.

Miale&ding.

4. With a document entitled “"Commutator:Logimag® which was written
in French, with a brief sbsiract in English, the guesiioner reguired
information on the application of magnetic Jogical elements to the
automatic control of machinery. As the guestion was phrased, the

searcher, after trylng "automatic control” and "logical elements”,
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gave up the search, presuming the document would be indexed under

the automatic control of a particular type of machine. In fact, i
indexed at Hq "Commutator' only.

183. With a question requiring information on contamination produced
by fast bursts in gas circuiis of graphite reactions, the searcher
presumed that information on failure of ges cireulls was reguired.

Ag she concenirated on this sapect, the document was not iraced,

it actually concerned burst cartridges in fuel systems, and had been
indexed as such.

188. With a question, "Is it possible adequately to grain refine high
purity uranium? ", one of the searchers was unable to trace the
document, as he insisted on the concept "urantum”. Actuslly the

document was sbout uranium alloys, and had been indexed under Nud,

2. INDEXING

Insufficient indexing

5. With a document on the Happurg Pumped Storage System, which
gave detalls of the elecirical equipment, the indexer made a single
entry under
Bpmp 43 - {Qermany) Pumped storage power systems.
The indexer should fiave realised that the document would be useful
ag & description of the partivular types of electrical eguipment used.
7. With a document on the low-energy neuiron cross section of U235
and FUZ39, the indexer made an entry under Plulohinm {238) but did
not make an entry under Urandum {238}, although each was of squal
importance in the article, |
8, With an article entitled "A double -delay line linear amplifier
employing transistors”, the indexer made one entry only, under
Zmh 86: Amplifiers, Scintillation counters. Had he considered the
voncept "iransistors”, and made an eniry under that, the document
would have been {vaced.
20, A dooument entitled "Siress analysis in the presencesoficresp’,«
;wa‘s actually s review of liferature. As such, it ig obvious that any
4 too specific placing weuld be unreé.lisizic, but the three eniries made
by the indexer were not adequate. He treated the three concepts

"Stress analysis’, ’_’Cre‘ep” and "Bibliographies"”, but did not combine
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the first two.
As the guestion required information on the creep deformation of

components under mulitiaxial stresses, the searcher insisted on more
than a single concept. Thus the document remained untraced.

36. With an article entitled "Some elastic and thermal properties of
zirconium and tungsten”, the indexer ignored the concept of “elasticity",
which should have been included in the indexing. As the searcher
checked all material in the chain index under "Elasticity", which also
included metals of any type, the document would have been traced

if "elasticity" had been included.

54. With an article entitled "A double deck resistance strain gauge",
which included informeation on the particular application for the
measurement of bending sirain on the outside surface of a structure,
the indexer's entry under Zgh (Strain gzuges) is insufficient. Had

the indexer indexed the concepis "bending stresses", and "plates™,

the document would have been traced.

60, With an article entitled "Cross siresses in the iaminar flow of
liquids", the main body was concerned with cross-elasticity effects
observed on an instrument consisting of circular metal plates, one
stationary and one rotating. The single entry under Qe {(Laminar flow)
was inadequate.

Had the indexer included the concept of "elasticity", the document
would have been found by one of the searchers.

From the last sentence of the summary, the concept of "fluid bearings"
was implied. This also, was ignored by the indexer. Had an entry
also been made under this concept, the document would hava been
found under the search programmes of the other searcher.

74, In an article on the internal friction of germanium and silicon,
the indexer made an eniry undeyr "Internal friction: silicon”, but

did not make a similar entry for germanium, although ﬂqeyweré of
egual importance. ‘

78. In an article on the thermal and elecirical properties of Armeo
iroa at high temperatures, there was, presumably, reference to the »
application of the electrical properiies of iron in the generation of
electricity. This was not indexed but was used by one of the searchers.

This omission was not entirely the cause of the faillure, as, by searching
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in ancther two concepis, the document could have been iraced,

81. In a document entitled "A practical standard transistorized
optimum response controller”, particular reference iz made to the
feedback circuits of non-linear control systeras. The indexer

made a single enlry:

Zge lg Transistors: Feedback conirol sysiems

Had he made an entry under “"Non-linear control systems®, the
document would have been traced by the third programme of the
searcher who failed.

85. An article describing probes for the messurement of pressure,
yaw angle, temperature, eic., of operating axial compressors and
“turbines was inadequately indexed. Hven if the indexer was short of
time, he should have made an eniry at Dh Zfg (Flow measuring
instruments: CGas turbines) rather than at Dh Zfr (Pitot {ubes: Gas
turbines}. BSuch an eniry would have enabled both searchers to trace
the document.

108. A document on the cooling of an SR 3{V) air receiver was
adequately indexed ag far as the main body of the report went,
However, an important appendix gave a method of caleulation of the
rate of cooling by convection, radiation and conduction of a vessel
containing & gas, from which the question was obviously taken.

Had entries been made under these concepts, the document would
have been traced by both searchers,

118. In a report on inducticn induced swirl in a "U! engine parallel
valve combustion chamber, the design of a lip to produce the maximum
swirl with the minimum pressure drop iz described. The only sutry
made by the indexer was:

De JEQk Swirl: cylinders: diesel engines.

If the indexer had made an entry under "pressure drop", the
document would Have been traced at the first attempt by the Project
staff, and at the third atiempt of English Eleciric staff. ‘
129, In an article on Deuce programme 506/3 for the optimum d@ﬁigﬁ
of guide-vanes, the only entry made was under Dd Jeg {Gulde vanss:
Hydraullc turbines). The concept of '"Deuce programming’ was ignored.
As the guestion required information on Deuce programmes for

designing blades, etc. {almost an exact correlation of the title), both



searchers insisted upon the concept of "Deuce computer®. With
adequaté indexing, the document would have been traced by both
searchers.
134, With an article assessing the relative performance of various
types of no-load voltags breakdown tesis, one of the conditions of
test is that of compressed air., Had this concept been included in
the indexer's eniry, the document would have been traced, as the
concept was one of thoge given in the question.
158. In an article on the metallographic preparation bee”ryl}ium,
titanium and refractory materials, palladium was mentioned as one
of the refractory materials. Presumebly the indexer did not have
time to mention each metal discussed in the paper.
The only two entries made weve:

1. Nbe Xul Etching: beryllium

2, NiiXuol Etchin%: titanium
The other metals menitioned in the report weve entirely ignored.
Had the indexer, instead of making these two eniries, simply
made 2 general entry under Xul {Etching) the subject of the document
would have been more adequately covered. Also, the two searches
would have been successful.
180. In & report on the relationship between weldability and
trangformation characteristics in the welding of medium carbon low
alloy steels, the indexer did not index the concept "ransformation'.
His only entry was:

Nee Pdk Weldability: mmedium carbon steel
As the question referred to the transformation characteristics of
ferritic steels, neither concept was indexed, therefors the decumem‘"&:
remained untraced.

Incorrect indexing

25. In a paper describing the spectrographic analysis of beryllium

in air, the indexer placed the document under the sample of beryllium
in polyesters. Had a correct entry been made under "Spectrographic
analysis’ the decument would have been iraced.

80. In a document on the machining of titanium alloys the indexer
made an entry under “Cutting: Machining: Titanium'. A correct

entry would have traced the document.
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123. In an article describing induction motors used in rolling
milis, the indexer made an entry under Be-ve Rolling with A.C.

motors, instead of Beb-ve Rolling with induction motors.

Lack of entry, or incorrect entry in the chain index

8. In an article on designing silicon diodes and gates, the indexer
made an entry under Gf If Semiconductor dicdes: swiiching circuits,
but the equivalent card under Samiconductor diodes”, was not
ineluded in the chain index.

16, With s document on the cathedic protection of sirconium, the
indexer made the correct entry in the clazsified catalogue, but no
card was filed in the chain index.

36. An inaccurate érosswaflemnceﬁ to "Diffusion: hydrogen”,
instead of "Hydrogen: diffusion” was the cause of a failure.

74, ¥a an article on internsal friction in semiconductors, the correct
entry wag made in the classified catalopue, but no cards were filed
under Yinternal friction" in the chain index.

3111. The indexer classified an é,rticle correctly under Ig Qsf Xf
Measurement: Thermal conductivity: Transistors, but the card
reading "Thermal conductivity: Transistors’, was not in its
gorrect place in the chain Index.

177, With 2 document classified at Amp Wd Economics: Atomie
power, the eguivalent card was missing from the chain index, hence

the failure.

Lack of cross references {#* denotes "see also” reference required)

3. A question on organic cooled deuterium moderated reactors failed
because the searcher did not find his way to the entry in the chain

index under “heavy water’. Had there been a reference from deuterium
to heavy water, the decument would have been traced,

30. A gquestion on the analysis of variance failed because the searcher
did not check under this heading, but under "variance". A cross
referance to "statistics’, from "variance, analysis of' would have
enabled the document to be traced. {There actually was already a
cross reference from "analysis of variance” to "statistics™).

51, In a guestion on the micro-analysis of weld metal constituents,

the searcher failed to find the correct place in the chain index. A
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reference from "micro-analysis' to "X -ray fluorescent speciroscopy”
would have helped the searcher.

¥78. With a question on the thermal properties of iron, the searcher
did not find his way to the correct entry under "Thermal conductivity®,
A see zlso reference from "thermal properties” to "thermal conductivity™
should have enabled the document to be traced.

*8$8. I there had been a see also reference from "wear” to "adhesive
wear' {and the other subdivisions of wear) in the chain index, a
document based on the wear of metals should have been traced by
both searchers.

#106. As 182 - a fallure because there was no see also reference
wnder "Bradwell” in the chain index, tc Dkeq carbon dioxide graphite
reaction.

143, With a question on the creep strength of ATR, one searcher
failed to trace ihe document because thers was no entyy in the chain
index reading ATR see Zlrconium-copper-molybdenum alloys.

#160. A guestion on the ‘&amﬁfarmaﬁ@ﬁ characteristics of ferritic
steels falled because the searcher was not able to find his way to
the entry "medium carbon stesls” in the chain index, under which
the document was filed,

A see also reference from "ferritic steels' to "mediom carbon steels”

“would have helped the ssarcher.

180. With & question on the determination of neutron flux fine structure,
the searcher checked under "flux fine structure”, but found no entry.
There was an entry under "fine flux, structure” with a cross reference
to Ythermic utilisation”, which she failed to find.

A eross reference from "flux fine structure” to "thermic utilisation®,
would have helped to trace the document. '

¥182. With 2 question on the Calder Reactor, the ssarcher checked
under Dk {Calder Hall} in the classified catalogue, {afler checking
in the chain index), and presumed that she had found all meaterial on
the reactor. However, there were other eniries under carbon dioxide
graphite reactors at Dkeq,

A see also reference to this section would have implied that not all
material was at the Dk notetion.

#181. In a quesiion on lodine filiration units, the searcher did not
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find her way from 'lodine" to "lodine isotopes”. A see also

reference would have helped.

Algo, in the same question, a see also reference from iltration

units" to "radio-active waste plant” would have helped another approach,

Clerical error

7. Although the searcher found her way to a card reading

Npu({239)8bh Ie rf wg in the chain index, she failed to {ind the
document because Ie should have read lc.

53. Again both of the searchers found a card in the chaln index reading
Hg Hwd Ie Ij Rwl, which should have read Rcl. Withaw_c this inaccuracy
the document would have been traced.

108. Both searchers traced a card in the chain index reading Hg Kre
Maie Lj, which should have read Hq Kce Maie Lj. With the correct
entry, the document wculﬁ have been traced.

Inadequate guiding of the clasgified catalogue

2. With a question on underground steam power stations, the searcher
found his way to Bpd Steam power stations, but was not led to the
required subdivision, Bpdasn Underground steam power stations.

if there had been adequate gulding to this‘ point, the searcher should

£1a

have been able to find the document.

3. SEARCHING

Lack of understanding, including those search programmes in which
the words of the question only were used ‘

54, In a question on a method of determining bending stresses Gﬁ a
flat plate with access to one side only, one of the searchers failed
to realise that a possible instrument for measuring such stresses
was a strain gauge. Had he checked under this concept, the document
would have been tracaed.

§3. With a question "Inaccuracies in electron diffraction work using
the electron microscope'’, one of the searchers checked by material
under Zdt Electron microscopes, rather than under electron
microscopy, at Xulme, where the document was filed.

113, With a question on a computer method of calculating various
moments of a flyweight for a turbine or diesel engine governor, the

searcher checked under "computers', but did not think further to



to compuler programmes. Had ho done so, the document would have
begn iraced.

134, With a guestion "I two open contacis are sliuated in compressed
air, is the elecirical breakdown dependent wainly on the pesk value
of an alternating voltage ......", the sesrcher falled to check under
interrepted alr blast circuil breakers, through lack of subject
knowledge.

183. With a question on fast bursts in gas circuits of carbon diowide
graphite reactors, the ssarcher from the Project Staff checked under
failores in gas cireuits and was wsuccessfel. The searcher from
Eanglish Bleotric realised that the qusstion mplied faillure of
cartridge casep in fvel eloments,

Failure to nse pll the concepls in the gusst

3. With » geestion op organic soolsd deglerism moderated reaciors, .
both gearchers ignored the concerd "eooled™, Head they checked under
Yorgamic coolanta®, the document would bave been traced.

5. From 2 guestion on voltage regulsiors in pump storage schemes,
one of the sserchers checked only under the concept Yvollage regulators®,
and ignored “puap storage™. Had he checked under this concept, he
would have been lad to pump storage power stations at Bpmp, where
ths documen?! was filad,

7. From o guestion on the neuivon cross section of U385 and PU23S,
the seavcher falled to check under either Uranivm or Plutonium, the
second programene of which would have traced the document.

7%, From a mﬂw%é@mi%&@ aguestion, which included the aspect of
direct generation of eleciriciiy by recycling iron, the searcher did not
check under elecirical properties of ivon, undsr which the document
was filed.

84. With a guestion on the estimstion of sulphide nclusion content

in steel, one of the sesrchers concentrated his search on sulphur

and sulpbide, and ignored the other two concepts {one implied) of
non-metallic inclusions, and stesl, from which he would have traced
the document.

118. From a guestion on alr swirl, pressure drop and flow rates

in diesel engines, ithe searcher fallad to use the concept "swirl®,
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which would have led him directly to the required docwment,

123, From a rather lengthy question on waveforms ¢f rectifiers

and alternators, and their effect on induction motors, the searcher

did not use the concept “induction motors”. (Actually, the document
was inaccurately indexed also, bwt a search programme via

"induction motors®, would be necessary).

128. With a question on Deuce programmes for designing blades

when subjected to pressure loading, the searchers ignored the

concept of gulde vanes {mentioned in the question.). This however
would have involved a lengthy search.

189. With a question phrased thus "What happens when mixtures of
Feg Qg and Crz 03 are heated together?”, one of t!;e gssarchers

falled to check under either ferrous or chromium exides, but

searched under mixtures only.

188. With a question on the grain refining of high purity uranium,

one of the searchers did not check under “grain refinement” which
should have led him to the required document,

Failure to search systematically, i.e. to take each search programme
to the limlits allowed

b. In a question on veliage regulation when applied to pump storage
schemesn, one of the searchers found the section Bpmyp in the clagsified
catalogue, but failed to check all the cards in this section (approx. 50).
if he had done so, he would have traced the dociment, st Bpmp 43.

42. With a question on the svaluation of the resistence of tools

to interrupted cutling, the searcher managed to find his way to

Vk Zuc Cutting tools, but checked the cards containing this notation
only. He did not check the following carde, amongst which he would
have found Vk Zuc Eh which was the one required.

63. With a question on the ignition of gasecus fuels, the searcher
thought of the correct conceptz, but did not take his search programme
to the chain index. Had he done #o, the document would have been
traced.

66. A similar case - the searcher found his way to De Jf {Cylinders:
diesel engines), but limited hie search to the cards centaining only
this notation. A litle further along, he would have traced the
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required document at De Jf Kpj Pel.

89. In a question on the solution of partial differential equations
using an analogue computer, one of the searchers failed twice in

his search programmes to trace the document, although a thorough
search in each case would have been successful. Firstly he thought
of the correct concepts "Partial differential equations"” and "analogue
computera’, but checked the classified section only, and did not take
his search to the chain index. Also, in a later search programme,
he tried "Partial differential equations"” in the chain index, but on
finding 13 places, neglected to check them all,

88. In a gquestion on the relationship between friction and wear of
metals without adhesion of the surfaces, one of the searchers checked
only under "wear' in the chain index, from which he tried 7 places.
Had he checked the general section "wear" in the classified catalogue
{Pel), the document would have been traced, as the guiding should
have led him to the section Pelb Adhesive wear.

102, In a questiion on adhesives used for fitting gaskets of different
materials, one of the searchers checked in the classified catalogue
under "Adhesives: felt" at Maie Lj. If he had checked the chain
index at this point, he would have been led to the required document
at Hg Kee Maie Lj.

157. In a question on the siresses in the plane of laminations in
reinforced plastic materials, one of the searchers failed to follow

up a gee also reference to "'Glass-reinforced plastics" which would
have led to the required document.

Incorrect searching, 1.e. checked the wrong or least likely place

2. With a question on underground steam power stations, one searcher
traced the document immediately, whilst the other failed to check .
under the correct wording., Had he done so, the document would have
been adequately traced.

Insufficient searching, i.e. did not try all possgible places

17. With a question on high aluminium heat resistant steel alloys,
the Project Staif found the document at the first attempt under
"alloy steels', but the other searchers checked under "heat
resistant steels", "aluminium steels”,"high alloys steels', and

"gieel',



80. With a question on cuiting of titanivm alioys, one of the searchers
failed to find the document because he limited his search to this concept
whilst the other searcher broadened his search to "{itaninm®, thinking
that the required document could refer to both titanium and titanium
alloys. The document was traced under Nti Vk Cutiing: Machining:
Titantum.

8i. A question on the feedback circuiis of a non-linear control
system failed because one of the searchers did not try under
“feedback control systems'’, which would have led io the document,
although he thought of the conecept "feedback circuits™ for which he
could find ne entry in the chain index. As "feedback control systems’
was the next card, the searcher should have noticed it,

Lack of knowledge of indexing practice or of terms used in indexing
{applying to Project Staff only)

51. With a gquestion on the micro-analysis of constitvents in weld
metal structures, the searcher insisted on the concepts "weldg"

{or similar concept) plus micro-snalysis, absorpilometric analysis,
ete, Actually it is the practice at English Electiric {o ignore metals
and generally to make an entry under the method of analysis. Had
this been known by the searcher, the search programmes would have
been extended.

88. A similar situation, as the English Electric indexers make an
entry under "Wear" at Pel+, instead of adding the metal or material
upon which the wear takes place. Thus the searcher for the quesiion
on the relationship of friction and wear of metals did not trace the
document,

105, With a guestion on the spring arm spider of the Bradwell fuel
element, the searcher presumed that all material in the Bradwell
reactor was placed at Dk {Bradwell). After looking here, she
abandoned the search.

Apparently i is the English Electric practice to place only general
descriptions of reactors af the Dk {Type}. notation, whilst cther more
specific material is clagmified sxactly, and placed under the type of
reactor, e.g. Dkeq Carbon dioxide graphite reactors.

168. With a question on the dissipation of heat by natural convection

through oil, the searcher did not realise that the term "natural
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convection” was used in the schedules. She checked only "heat
convection',

182. As question 105 - a failure due to the practice of placing
general malerial on reactors only at Dk {Type}. The searcher
checked ondy Bk {(Calder Hall), expecting all material to be there,
184, Again, 2 lack of knowledge of the term used by English
Eleciric indexeré, was the cause of this failure. The term
"reactivity change", was one that the searcher did not expect to
be used in the chain index.

Failures by searching via the chain index, which would be successes
by permautation

8. A document classified at Gf If Semiconductor diodes: switching
circuits, would have been traced if the notation had been permuted
to If Gf. The searcher was able to check only under If Silicon dicdes.
25. I the nolation Mrm Nbe Xk Sampling: Beryllium: Polyesters
had been permuted to Nbe Xk, the document required by a question
on the spectrographic analysis of beryllivm would have been traced.
39. A document on the diffusion of hydrogen in mild steel, classified
at Ns d Og Nh, remained untraced. The question '"The behaviour
of hydrogen in steel”, had only one concept in common with the
subject of the document. If the notation had been permuted to read
Nh Ns d Og, the document would have been traced,

83. A document classified at De Onb Ignition: diesel engines,
remained untraced, because the concept ""diesel engines' was not
included in the guestion, but the concept "gas/air mixtures" was
included. If the notation had been permuted, the document would
have been traced under Onb by both searchers.

89. A document classified at Dk Qv Yge Zp Analogue computers:
partial differential equation: heat transfer processes: nuclear
reaciors, remained untraced partly because of unsystematic
searching of the chain index. It would have been traced by
permutation under Yge Zp at the second attempt.

109. A document on adhesives used for gaskets would have been
found by permutation by both searchers. It was classified at

Hq Kce Maie Lj, whilst the searchers checked under Maie Lj.

Permutation under this would have traced the document.
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- 181. An article on heat transfer after a rapid change in wall
gsection, would have been traced if permutation of the elements
Kkhapk Qvec, and Kkhapm Qve, had been used, fo bring Qve to
the head.

4. BYSTEM

Lack of gsub-division, causing the placing to be too general

30. ¥s "Statistics’ appears {o have too few subdivisions. This

was pointed out by a question on the analysis of varisnce, for which
there was no place. The document had been classified st Ye Statistics,
and remained untraced because the searcher would not search at

such a general heading. '

Change in the schedules without adequate correction in the chain
index or classified catalogue

124. With a question on glass braid insulation for induetrial motor
stator windings, the searcher found an entry in the chain index under
"glass braid" which referred to two places containing the notation
Mdj. She presumed from this that all material on glass braid would
have been covered by her search.

However, on analysis, i appears that Mdj has been abolished, and
included under Mdh “glass tape'’. Here the docwnent was classified.
if all material under "glass braid” had been transferred to "glass
tape", with the appropriate cross reference the doenment would
have been traced.

Ability to add, or omii concepts

63. This question, on the ignition of gasfair mixtures by a hot
surface, shows up the difficulty of an indexer in being consistent.

One of the searchers checked under "igunition - gaseous fuels",

and amongst the entries from the chain index, he looked at De Lke

Onb "Ignition: gaseous fuels: diesel engines'’.

This is the same subject as that covered by the document, but, because
of the omission of Lke {gasecus fuels), the document remained
untraced, and material on like subjects was sepsrated. Permutations

would enable such inconsigtencies 1o be coversd.
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PART 2. ANALYSIS OF INDIVIDUAL QUESTIONS

Document No. 54

QUESTION “Can you please find me a possible means of deter}aining
bending stresses on a flat plate when I have access to one
side only 2%

Assessment; It appears that the document describes an instrument,
whilst the question refers to the application of the instrument. Perhaps
a difficult question, but with adequate indexing and searching, the
document should be traced.

DOCUMENT A double-check resistance strain gauge.

{Product Engg. vol.31, 10th Oct.1860, pp 55-57).

Assessment: Describes the "Flexigage", a new type of strain transducer,
especially designed to separate bending strain from the total strain at
any point in shell or plate structures. The device consists of two foil
strain gauges mounted on opposite sides of a plastic spacer. The device
can be mounted directly on the outside surface of the structure thus

eliminating back-to-back arrangement.

SEARCH BY PROJECT STAFF Success

SEARCH BY E.E. STAPR Failure

ABSESSMENT OF INDEXING

Zgb. Strain gauges. One entry only.

If the indexer had also made an entry under plates and shells, the subject
of the paper would have been indexed more adequately, However, with
the BEnglish Eleciric search programme, the document would still not have

been found unless the concept "bending stresses" had been included as well,

ASSESSMENT OF SEARCHING
English Electric Stalf

The search programme consisted of
(1) Bending stresses: plates Kwe Ppg
{2) Bending: Flates Kwe Pif {no eniries)
As the Project searcher found the document at the second search, one can .

only assess the English Electric search as inadequate.
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SUGGESTED RE-INDEXING
Kwe Ppg Zgh, Strain gauges: bending stresses: plates.

COMMENTS
The cause of the failure can be divided into two. Firstly, the indexer
could have made a more detailed entry, as the article was specifically
in the use of strain gauges to measure bending strain. Secondly, the
searcher should have thought of the possible insirumentis io agsess

beading strains, and checked under those,

REASONS FOR FAILURE
(1} Searching {inadequate)

{2} Indexing (inadequate)
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Dacument No. 60

QUESTION "Please supply information on cross-elasticity effects in
2 omogeneous lquid with respect 1o its pessible

application to fluid bearings".

Assegsment: A clear guestion, which should enable the document to be
traced without trouble.

DOCUMENT Cross stresses in the laminar flow of liquids.

{Phys. Fluids, vol.3, May/June, 1960, pp 427-4317).

Assessment: Cross-elasticity effects in a simple homogeneous lguid
manifest themselves in cross stresses cbserved in an instrument consisting
of circolar metal plates, one stationary, the other rotating opposite it.
Stator can be displaced along axis of rotation againgt forces exerted by
springs. Stator and motor at rest are in contact. On rotation, cross

stresses in liguid separate stator from rotor, and a bearing effect s produced.

SEARCH BY PROJECT STAPF Failure

SEARCH BY E.E. STAFF Failure

ASSESSMENT OF INDEXING

Une entry only (e Laminar flow.

Quite inadequate indexing. The purpose and application of the theory

appears to have been missed.

ASBESSMENT OF SEARCHING

Project Staff

The searcher found trouble in gaining eniry to the chain index. Of his four
search programmes, he only found one entry in the catalugue.

1. Fluid bearings {(no entry) ‘

2. Bearings Lec Jt {no card in classified catalogue)

3. Homogeneous liguids {no entry}

4. Liguids, homogeneous (no entry)
The concept of "cross-elasticity” he ignored,

English Blectric 8taff

The searcher tried:

1. Cross-elasticity {no entry}

2. Elasticity Pby {clagsified catalogue)
3. Homogeneous liguids
4

Liquids, homogeneous
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SUGGESTED RE-INDEXING
1. Qe Qre Elasticity: Laminar flow
2. Jtahd Fluid bearings

COMMENTS
An indexing failure entirely. Had the indexer made adequate entries,
the document should have been traced, at the first attempt with the
Project staff, and the second attempt with English Electric staff.

REASONS FOR FAILURE
Indexing inadequate.
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Document No. 63

QUESTION "The temperature required for the ignition of gasfair
mixtures by a hot surface is different for different surface
materiala. Can you find any reports dealing with the
mechaniam of why this is so ?"

Assessment: Unless the document can be traced under the concept of
ignition of gaseous mixtures, this guestion will be difficult to trace, as

the next concept “surface’ can be interpreted in many ways.

DOCUMENT Occurrence of surface ignition depends on surface
temperature, local air-fuel ratic.
{S.4.E.Jdnl. vol.88, Oct. 1860, pp 58-61).
Asgessment Investigates surface ignition, the mechanism of ignition by
hot surfaces in the combustion chamber, which causes pre-ignition, wild
ping and rumble. Surface ignition occurs when the mixture is heated about
its ignition temperature and the mixture composition is within the limits of
inflammability. The surface ignition process is independent of the type of

surface,
SEARCH BY PROJECT STAPF Failure
SEARCH BY E.E. STAFP Feailure

ABSESSMENT OF INDEXING
Dc Onb Ignition: dissel engines.

Not adequate indexing. Lke {gaseous fuel) should have been included, as

the indexer should have realised the concepts of ignition of gaseous materials
is important elsewhere than in diesel engines, and so may be searched for
without this last concept. However, this does not help in tracing this

particular failure.

ASSESSMENT OF SBEARCHING
Project Siaff
Adequate. The document should have been indexed io include Lke Onb.

Ignition of gaseous fuels.

English Eleciric Staff

Apparently the searcher, although he tried the same search programme of
ignition of gaseous fuels, did not refer to the chain index, ‘but only to the

classified catalogue.
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SUGGESTED RE-INDEXING
De Lke Onb. Ignition: gaseous fuels: diesel engines.

COMMENTS
This question shows up the difficulty of an indexer in being consistent.
The Project searcher checked under "Ignition: gaseous fuels", and amongst
the entries from the chain index, he looked at De Lke Onb. Ignition: gasecus
fuels: diesel engines. k
This is the same subject as that covered in the document, but, because of
the omission of Lke (Gaseous fuels) the document remained untraced, and
the material on like subjects was separated.
An apparently insurmountable difficulty unless permutation is used.
With permutation, the document would have been traced. {E.E. and

Project staff).

REASONS FOR FAILURE
(1) System (ability to add or omit concepts}.
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Document No. 85

QUESTION "Can we find a description of an instrument to measure fotal
pressure, total temperature and flow direction simultansously
in between the blade rows of compressors or turbines? "

Assessment: A question fairly based on the subject of the article - it should
present no difficulty in searching.

DOCUMENT "Educated” probes get flow data.

{Gas Turbine, vol.1, Nov-Dec.1860, pp 22-23).
Assessment: New development tools and techniques for obtainiﬁg gas flow
data remotely and automatically, on operating axial compressors and

turbines. A two page article.

SEARCH BY PROJECT STAFP Failure

SEARCH BY E.E. STAFF Failure

ASSESSMENT OF INDEXING
Dh Zir Pitot tubes: Gas turbines.
Inadequate indexing. The indexer has not covered.the description given of

the mstruments for measuring pressure, yaw angle, temperatures, sic.
If time was short, an entry should have been made at Zfg (+Dh as the

application is specifically for measuring the flow between blades of turbines).

ASSESSMENT COF SEARCHING
Project Staff

The search programmes were thus; -

1. Pressure measuring instrument Zgh + {chain index)

2. Flow measuring instrument Zfg
The searcher should have taken the second search programme to the chain
index, as the question specifically stated that the application was for
measurement in turbines and compressors.

English Electric Staff

The search programmes were: -
1. Flow measuring instruments: blades: compressors (no card)
2. Flow measuring insiruments: blades: turbines {1 card)
3. Pressure measurement: blades (5 cards)
4. Temperature measuring instruments and blades (6 cards)

Presumably the searcher did not check the chain index in any of the search



- 273 -

programmes,
A sensible extension of each programme would have been to have droepped
the concept "'blades’. However, the document still would net have been

traced with the present indexing.

SUGGESTED RE-INDEXING

Ph Zfg Flow measuring instruments: turbines.

COMMENTS
This search points out the confusion arising in the minds of the indexer and
searcher, about the use of various types of flow, pressure and temperature
measuring instruments. Further directions in the schedules, and “see also”
references in the chain index may help to sort this out.
The failure is due principally to lack of indexing. The indexer should have
either made an entry generally at Dh Zfg {(flow measuring instruments:
turbines} or more specifically under "pressure measurement”, ste.
Also, the searchersin each case did not follow their search programmes o
their allowable conclusion. However, this would not have traced the

document with the present indexing.

REASONS FOR FAILURE

{1) Indexing insufficient.
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Document No. 152

QUESTION "What is the % free activity for varieus channels loaded
in the Calder Reactors 1, 3 and 4, meassured during
commisgioning”,

Assegsment: A clear question, which should have traced the dgeument

without difficuity.

BOCUMENT A re-sssessment of the reactor parameters measured

during the commissioning of the Calder reaectors.
(U.K.A.E.A. P.G.Memo 317{CR)).

Assegsment: A report summarising the measurements of the reactor
parameters taken durving the commissioning of fhe Calder Reactars,
together with an estimate of their errors. 'In the case of the presgure
coefficients and super-critical control rod calibrations, resulis from

the first Chapelcross Reactor are alse included.

SEARCH BY PROJECT STAFF PFailuve

SEARCH BY E.E. STAFF Success

ASSESSMENT OF INDEXING
{1} Dkeqg 8§ Xee
{23 Ekéq Xec
According to the English Electric indexing rules, this appears to be

adequate, However, an entry in the chain index under "Calder reactors"
stating "for general description only, otherwise check under carbon dioxide

graphite reactors”, would have helped the searchers.

ASSESSMENT QF SEARCHING
Project Staff
1. Calder reactors. Dk {Calder Hall} in classified catalogue

The searcher made this his only search programme, because he presumed
that all material on the Calder Hall reactors would be included at Dk.
It appears that English Blectric practice was to include enly general

material here. All other reports were indexed under Dkeqg.

COMMENTS
A searching failure caused by two reasens:
1. A lack of cross-reference in the chain index under Y"Calder reactors™

to the section "Carbon dioxide graphite reactors”.
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2. In a smaller way, lack of the searcher's knowledge of English

Electric indexing rules,

REASONS FOR FAILURE

{1} Lack of crose reference

{2} Searcher's lack of knowledge of indexing practice

English Electric Search

Found at first attempt.

COMMENTS

Subject knowledge would appear to be useful here, to know to check
under "commisaioning” in the chain index, but possibly may be due io

knowledge of indexing practice.



- 276 -

Document No. 158

QUESTION "What methods are available for metallographically
preparing and etching Palladium {Pd) 79

Assessment: A fair question, which should have traced the document.

DOCUMENT Procedures for the metallographic preparation of beryllium,

titanium and refractory materials,
{B.M.I. Defence Metals Inf. Centre B8603).

Agsessment: No abstract, but the paper presumably covers the

metallographic preparation of several metals,

SEARCH BY PROQJECT STAFF Failure

SEARCH BY E.E, STAFF Failure

ASBESSMENT OF INDEXING
(1) Nbe Xul Etching: Beryllium
{2) Nti Xul Etching: Titanium

Inadequate indexing. The indexer ignored the other metals contained in

the report, and did not even cover them with an entry "refractory materials".

He did not even make a general entry under Xul "Etching®.

ASSESSMENT OF SEARCHING
Project Staff

1. Palladium - 3 places

2. Etching - 2 places {obviously ignoring any other metals specifically
mentioned}.
From the question the searching appears to be adequate. The searcher should
have traced the document by these programmes had the indexing been sufficient.
English Electric Staff
1. Palladium Npd
2. Biching Xul+

Apparently the searcher did not g0 to the chain index - bad searching technique,

but the document would still not have been traced with better technique.

SUGGESTED RE-INDEXING
Npd Xul Etching: Palladium
Zul Etiching
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COMMENTS
A complete indexing failure. The indexer covered only two of the metals
referred to in the article, and then, presumably, only because they
appeared in the title - not because they were of more importance. Even
considering that the indexer made a general entry under Xul 'Etching®,
which would have covered, somewhat, the remainder of the refractory
metals discussed in the paper.
With this general entry, the document would have been traced by both

searchers,

REASONS FOR FAILURE

Indexing inadequate.
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APPENDIX 7B

ANALYSIS OF FAILURES FOR FACET INDEX IN
W.R.U. TEST

QUESTION (6) "We are having a high incidence of porosity in iron castings.
Chemical analysis gives satisfactory resulte, What might be the cause and
the remedy ?"

TITLE (1240) Practical observations on mould stability as a factor in
controlling the soundness of grey iron castings. British Foundryman, Vol. 54,
1961, Feb., pp 45-53.

INDEXING

Concept Analysis
Grey Iron Castings
Defects, Porosity, Soundness
Mould stability/Rigidity effects
Foundry Sand

Class Number Elements

(i} Nfecp (2) Vg (3) Vgs (4) Mce ({5) Vgb {6) Pn (7) Pec {8) Teh
i.e. {1) Grey Cast Iron. (2) Castings. (3) Mould-making. (4) Foundry Sand.
{5) Sand Castings. (6) Defects. (7) Porosity. (8) Stability.

Permutations
2:6:1 3:1:8
2:7:1 3:4:1
1:3:4 3:8:1
2:1:3 T:2:1
2:1:6 5:1:3
2:1:7 4:3:8

Assessment Concept analysis and class number elements adequate. Failure
due to poor choice of permuted entries 1:7 1:6 8:1 7:1 reguired.

SEARCHING 1. POROSITY Pec{A AB
IRON CASTINGS Nfect+{B) B:A

2. IRON CASTINGS Nfect+ {A) A:B

DEFECTS Pn (B) B:A
Assessment Could have tried further programmes, e.g.
3. POROSITY Pec{a) A:B
CASTINGS Vg (B) B:A
4, DEFECTS Pn {(A) A:B
CASTINGS Vg (B} B:A

Document 1240 would have been found at
3. A:B B:A andat 4. B:A

RE-INDEXING

Add permutations: Niecp Pec Grey Iron Castings. Porosity
Nifeep Pn Grey Iron Castings. Defects

REASON FOR FAILURE

L.ack of permutation mainly the cause of failure, bul insufficient searching
contributed.
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QUESTION (23) "What method can be used to identify the micro-
constituents in alloy steels ? "

TITLE (1183} Intergranular precipitation of intermetal in compounds
in austenitic alloys. A.I.M.E. Metallurgical Soc, Trans., Vol.221, Feb,
1981, pp 28-34.

ASSESSMENT OF QUESTION

The question is tco specific for this particular document. The paper is more
concerned with the phenomena investigated than the method of investigation,
which is dealt with in one paragraph only.

INDEXING

Concept Analvsis
Austenitic alloys
Intergranular Precipitation
Ageing
Phase solubility limits
Microstructures

Class Number Elements
(1) N.1 {2)Ns.1 {3)Cdj (4) Qev (5) Pgcb
i.e. (1) Austenitic alloys. () Steel. {3) Intergranular Precipitation
{4} Phases, Transformations. (5} Ageing.

Permutations
1:3 4:1
i:4 4:2
2:3 1:5
2: 2:5
3:1 551
3:2 5:2

Assessment Omitied to translate the concept Microstructures' into the class
number. If this had been done the document would have been found at the
sixth search.

SEARCHING 1. Microscopic Analysis A:B
Trace Analysis Xj.m B:A
Steel Alloys (13)

2. Microscopic Analysis, Metallography.
Xulm+ {A) A
Steel Alloys Nsg. g+ (B) B:A
3. Metalography Xuz+ {A) A:B
Steel Ns+ {B) B:A
4, Analysis Xj+ (A) A:B
Steel Ns+ (B) B:A
5. Impurities Odl {A) A:B
Steel Ng+ (B) B:A
8. Microstructure Od/e (A) A:B
Steel N+ (B) B:A

RE-INDEXING

Translate concept Microstructures o class number Od/e.

REASON FOR FAILURE

Failure due 1o careless omission to translate concept into class number.
Also the question too specific and misleading.



- 280 -

QUESTION (30) "Is it possible to approach the close tolerance of metal
diecasting by any sand-type process for alloys of aluminium".

TITLE (1391) The permeable plaster casting process. Light Metals,
Jdan. 1881, pp 7-10,
INDEXING

Concept Analysls
Permesble plaster. Precision casting

Class Number Elements
Vgh Permeable plaster casting

Assessment Omitted concepts Aluminium
Sand casting
Plaster of Paris
Moulds
Permeable
Tolerantes

SEARCHING 1. {Aluminium Nal

{Aluminium alloys Nal.d {(A) A:B
Sand cesting Vgb {B) B:A
2. {Aluminium alloys Nal.d ' :
{Aluminium Nal (A) A:B
Diecasting Vege (B) A
3. {Aluminium Nal
{Aluminium alloys Nal.d (A) ‘ A:B
Casting Vg+ {B) B:A
4. Tolerances Xft {A) AB
Castings Vg (B) ’ B:A

RE-INDEXING

Add concepis as listed above with necessary permutations.

REASON FOR PAILURE

Failure due to inadequate indexing. Important concepts in the document
not recorded, ‘
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GQUESTION {37) To what extent do stress concentrations affect the structursl
tensile strength of aircraft and space vehicles.

TITLE {1376} Structural significance of ductility. Jnl. of Metals,
Vol. 13, March 1881, pp 201-203.

INDEXING
Concept Analysis

Missiles, Rockets
Space Vehicles
Preasure vessels
Ductility
Stress Concentration
Strength-to-weight
Titanium alloys

Clasg Number Elements
{1} Ket Pressure vessels. (2) Ed Missiles, Rackets. {3) BEg Space
Vehicles. {4) Pb Mechanical properties, Strength. (5] Teb Weight.
{8} Pbd Ductility. {7} Px Stressconcentraions{8) Pjb Brittle fracture.
{9) Mti.d Titanium alloys.

Permutations

Assessment
{1) Omitted concepts Tensile strength and Aircraft structures. Also
Aircraft.
{2} Should have made permutations for 2 and 3 with 5, 6, 7, 8 and 8.

SEARCHING
1. Aircraft structures Eb Fc {A) B:A:C C:B:A
Stress Concentrations Px (B) B:C:A A:B:C
Tensile properties Pbb {C) C:A:B A:C:B
2. Aircraft structures Eb Fe {A)
Stress concentrations Px (B) B:A
3. Aircraft structures Eb Fc {(A) A:B
Tensile properties Pbb (B) B:A
4. Stress concentrations Px {A) A:B
Tensile properties Pbb (B) B:A

Further searching of no avail even if extended search to missiles and
space vehicles. Could not have broadened search to Px generally where
document would have been found.

RE-INDEXING

Add concepts 1. Tensile properties Pbb

2. Aircraft Eb

3. Aircraft structures Eb Fc
Add permutations 2. Missiles Rockets and 3. Eg Spacecraft with phenomena
at §, B8, 7, 8 and 9.

REASON FOR FAILURE

Cause of failure equally due to omissions in indexing and lack of permutation.
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QUESTION (45) "To what extent is calcium fluoride applied to iron and
steel-making processes".

TITLE {1341} The kinetics of sulphur transfer from iron slag.
iron and Steel Institute Journal, Vol. 196, Dec. 1960, pp 393-405,

INDEXING

Concept Analysis
Steel-making, iron-making
Sulphur removal to slag from iron carbon saturated
Transfer rate

Class Number Elements
{1} Vc Metal production. {2) Vcd Physical methods, (3) Nfe Iron. (4) Ns Steel.
{8) Nsf Sulphur. {8) N.wh Ores.

Permutations
4:1:5:1
4:2:8
3:2:5 :
3:1:8:2 3:6:5

o e

13
ede

mmq:
o Be W

Assessment Omitied concept Calcium fluoride.

SEARCHING (1) Steel-making Ns Ve (4) B:A
Calcium fluoride MwCaPF (B)
{2) Calcium fluoride MwCaF
Assessmeg_g Should have extended search to
(3) Steel-making Ns Ve
where document would have been found.

RE-INDEXING

Add concept Calcium fluoride MwCaF v
Add Permutation Calcium Fluoride. Steelmaking.

REASON FOR FAILURE

Failure due to inadequate concept indexing and failure to search far enough.
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QUESTION (54) "Are there any automatic installations producing
laminations in the United Kingdom",

TITLE {1403) Quality production of laminations for transformer cores.
Machinery, Vol.88, Feb.1861, pp 150-252.

INDEXING

Concept Analysis
Transformers
Cores
Laminations
Production
Cold rolled grain oriented steel
Strip
Blitting machines
Presswork

Class Number Elements

(1) He Transformers. {2) Hw Cores. (3) Mail Laminations. (4) Vhz
Slitting. (6) Ns.hv Electric Steel -~ low alloy. (7) Kwh Strip. (8) Vj
Presswork. {(8) Vhp Slitting.

Permautations
1:2:3 2
1:2:4 6
7
8

1:2:8
2:4:6

Assessment
Carelesa permutation. Laminates and Laminations 3 and 4 are not
brought to the front at all.
SEARCHING

{1} Laminations Mail
(2) Laminating Vhz

RE-INDEXING

Add permutations 4:2:1 Laminating: Cores: Transformers
3:2:1 Laminates: Cores: Transformers

REASON FOR FAILURE

Failure due to careless permutation.
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QUESTION {58) "If the oxide film is removed from the steel strip by
liquid fluxes, is the flow of liguid tin over the surface more sstisfactory’.

TITLE {1354} The spresd of molien tin on mild steel reduced in hydrogen
or treated with molien fluxes. iIron and Steel Instituie Jnl. Vol.187, March
1881, op 233.

INDEXING

Con cept Analysis
Strips. Mild steel
Tinning. Surface preparation and ireatment
Oxide film removal
Reduction in hydrogen, Hydrogen- argon
Zinc chloride~ stanncous chloride flux, molten,

Clags Numbeyr Indexing
{1) Ws.d Mild steel. {2} Kwh Strip. (3} Viy Tinning, soldering.
{4} Vv Cleaning. {(5) Nh Hydrogen. {6) MwZnClO Zinc chloride,
{7} MwSnClO Stannocus chloride.

Permutations
2:3:1 3:4:5 4:3:1
1:2:8 2:1:3 5:3:1
1:3:4 3:6:1 8:3:1
B:L:2 3:7:1 Ts3:1
FeE:1

Should have used notation for tin plating and not tinning: soldering.
Omitted permutations 2:1 Strip Cleaning

4:2:1 Cleaning steel strip
which would have retrieved the document.

SEARCHING

{1} {'Tin plated Ldm Nsn
{Tin plating Ywm Nen (A}

Steel Ng (B) A:C:B:D
Sirip Kwh () CiBiA:D
Cleaning Vv+ (D) D:C:B:A
{2} Cleaning Vv+ (A} D:A:B:C

Steel Ns (B)
Strip Kwh (O

® 68 @

WO mrowm

55 8s o

Pw o PRBPoD PDWO

{2} Strip Kwh {A)
Steel Ng {B)
{ Tin plating Vwm Nsn
{ Tin plated Ldm Nen {C)

{4} Strip Kwh {A)

{ Tin plating Vwm Nsn

{ Tin plated Ldm Nsn (B)
{5) Strip Kwh {A)

Cleaning Vv+ {B)

sE =

We wrooer> QO
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RE-INDEXING

(1) Use Vwm Nsn for Viy (Tinplating instead of Tinning {soldering))
{2) Add permutations 2:4 Kwh Vv Strip. Cleaning
4:2:1 Vv Kwh Ns.d Cleaning. Strip. Mild Steel.

REASON FOR FAILURE

Failure due to incorrect indexing and lack of permutation.
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propellants',

TITLE
Metal Progre

INDEXING

Concept Analysis

Missiles, Rockets
Liquid propellants, Hydrogen, Nitrogen
Low temperatures, Cryogenic tests

(81) "Do stainless steels have any advantage over Al and Ti
alloys as structural materials for rockets usin

g liquid oxygen and hydrogen

{1450} Selection of metals for use at cryegenic temperatures.,
88, Vol.79, April 1961, pp 65-72.

Tensile, impact, hardness, fatigue, notch tensile, and charpy v tests.
Aluminium alloys, aluminium magnesiuvm, aluminium copper alloys
Titanium alloys, titanium aluminium alloys

Stainless steels, cold rolled austenitic nickel alloys, cobalt alloys, sheet

Alloys by name,

Class Number Elements

(1) Ba Missiles, Rockets. (2) Pb Prd Low Temp. Mechanical properties.
{3} N.tb Low Temperature Metals. (4) Lkf Liquid fuel. (5) Nh Hydrogen.
(6) Nn Nitrogen. (7} Nti.d Titanium alloys. (8) Nal.d Aluminium alloys.
(9) Nni.d Nickel alloys. {10) Pk Xh Fatigue testing, (11) Xtbb TPensile
testing. (12} Xtbm Impact testing. (13) Xtbp Hardness testing. (14) Xibb.n
Notch tensile testing. (15) Nco.d Cobalt alloys. (16) Vhm Cold rolling.

{17) Ns.1 Austenitic steel.

Permutations
7:2:1 2:7:5 10:8:4
8:2:1 2:8:85 11:2:4
§:2:1 2:9:5 12:2:4
4:2:1 2:17:5 13:2:4
17:2:1 4:2:1 14:2:4
Assessment

15:2:4
1:2 i
5:4:1
B:4:1

Should have indexed Liquid fuel rocket engines Djt, and have added
permutations Missiles 1 with Metals at 7, 8, 9, 15, 17.

SEARCHING

§1}

{2)

{6)

Liguid fuelled rocket engines Djt (A)
Stainless steels Ns.j+ (B)

Liquid fuelled rocket engines Dijt {(A)
Aluminium alloys Nal.d (B)

Liguid fuelled rocket engines Djt (A)
Titanium alloys Nti.d (A)

Liquid fuelled rocket engines Djh/t (A)
Metals N (B) ‘

Racket engines Dijh/t {A)

Stainless steels Ns. i+ {B)

Rocket engines Djh/t (A)

A:B
B:A
AB
B:A
A:B
B:A
AB
B:A
A:B
B:A
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{7) Missiles Ed (A) A:B

Stainless steels (B) B:A
{8) Missiles (A) A:B
Aluminium alloys Nal.d {B) B:A
{9} Missgiles (A) A:B
Titanium alloys Nti.d (B) B:A
(10) Missiles Ed (A) A:B
Metals (B) B:A

RE-INDEXING
(1) Add permutations Missiles 1 with Metals at 7, 8, 8, 15, 117,

(2) Add concept Djt Liquid fuelled rocket engines.

REASON FOR FAILURE

Failure due to lack of permutation.
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QUESTION (82) "What is the best type of copper alloy to use in electrical
appliances where high conductivity and good resistance to softening on
heating is required".

TITLE {1452} Zirconium copper alloy ... high strength and conductivity.
. Metal Progress, Vol.74, April 1961, pp 75-77.

INDEXING
Concept Analysis
Zirconium copper alloys {copper zirconium)

Applications: Electrical equipment, windings, motor commutators, risers.
Properties: High temp. tensile. BElecirical conductivity. Strength, hardness.

Class Number Elemenis

{1) Zreu Zirconium copper alloys. (2) Pb Prb High temperature mechanical
properties. (3} Pcb Hardness. (4) Rvc Electrical conductivity.
(5) Ht Windings. (6) Hg Commutators. ({7) H Electric machines.

Permutations
1:2 4:1
1:3 Bel
1:4 6:1
2:1 1
3:1

Assessment

Indexer forgot to make entry COPPER. Zirconium copper alloys, in the
alphabetical index. Also, although the title of the paper was zirconium
copper alloy the alloy concerned was copper xirconium as was stated

in the concept indexing. The indexer should have indexed the content of
the document rather than the title when the concept was translated into
the class number. ,

SEARCHING

{1} {Copper Ncu
{Copper alloys Necu.d (A) A:B
Hlectrical conductivity Rve (B) B:A

{2} {Copper Ncu
{ Copper alloys Ncu.d (A} A:B
Flectrical properties Rv (B) B:A
{3} {Copper Ncu {A) A:B
{Copper alloys Ncu.d B:A

High temperature mechanical properties Pb Prb (B)
{4} {Copper Necu {A)

{Copper alloys Ncu.d » A:B
Mechanical properties Pb {B) B:A
{8) {Copper Necu (A) A:B

{ Copper alloys Ncu.d
Deformation Pg+ (B} B:A
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SYSTEM

In classifying alloys the system allows only one direction synthesis,

The major alloying element is given first followed by the other alloys

in order of quantity. For example, zirconium copper alloys has the class

number Nzrcu, where zirconium is the larger element. The minor

elements are located by the index, i.e. Copper. Zirconium copper alloys.

Nzcru,

The searcher may forget to search the index or the indexer may be wrong

about the priorities of the elements. Therefore inverted entries are recommended,
e.g. Ncuzr Copper - zirconium alloys as well as Nzrcu Zirconium copper alloys.

RE-INDEXING

index alloy as Ncuzr Copper zirconium alloys with index entry Zirconium.
Copper zirconium alloys. Ncuzr.

REASON FOR FAILURE

This search failed due to a careless indexing error - failure to make an
index entry in the Alphabetical index. Also a cause of failure, indexing by the
wording of the title although the subject matter was known to be otherwise. The
failure also points to a weakness in the system - the construction of alloys
without allowance for inverted entries.
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QUESTION (85) '"What kind of pretreatment should be applied to a steel
base which is to receive a heavy vinyl plastisol coating {as a replacement for
vitreous enamel}’. '

TITLE {1457 Phosphating in cold solutions. Metal Progress, Vol.78,
April 1961, pp 100-108,

INDEXING

Concept Analysis

Phosphating, cold
Cleaning, Coating
Steel

Spray coating,

Class Number Elements

{1} Vwec Phosphating. (2) Ns Steel. (3) Vww Spray coating.
Permutations

1:2 2:1 1:3 3:1
Assessment

Concept indexing omitted concept'paintst and 'plastic coatings'.
Class number elements omitted concept 'cleaning', included in concept analysis.

SEARCHING
{1} Plastic Coatings Ldkp, Vwkp {A) A:B:C
Steel Ns (B) A:C:D
Cleaning Vv+ {C) C:A:B

C:B:A
{2} Plastisol
{3} Plastic Coatings Ldkp, Vwkp {(A) A:B
Steel Ns+ (B) ‘
{4) Plastic coatings Ldkp, Vwkp (A) A:B

Cleaning for Vv+ (B) B:A
{5) Plastic Coatings Ldkp, Vwkp (A} A:B
{8) Steel Ns+ (A) A:B
Cleaning Vv+ {(B) B:A
{7} Vitreous enamel coatings Vwk
Lak (A)
Steel Ns+ (B) A:B

RE-INDEXING

Add concepts Paints, plastic coatings

Add class number elements = {4) Vv Cleaning
{5) Ldkp Plastic coatings
{8} Vwkp Plastic Coatings
{7} Le Painis

Add permutations 4:8 - 427 6:32:4  T:2:4 1:4:2 4:2:6

REASON FOR FAILURE Failure of search due primarily to a careless

indexing error. If the concept Cleaning Vv had been translated from the concept

indexing and the necessary permutations made, the document would have been found at
the sixth search. The indexer also failed to note the concepts Paint and Plastic Coatings.
If this had been done and the necessary permutations made, the documents would

have been found at the first search. '
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QUESTION (112) "Is there any direct evidence that preferential precipitation
on the non-coherent boundaries of the annealing twins is dus to the presence
of dislocations",

TITLE {1957) Electron-microscopic study of recrystallisation jwins
in copper. Acta Metallurgica, Vol.8, Dec. 1980, pp 874877,

INDEXING

Concept Analysis

Copper foils

Twinning, dislocations
Twins
Recrystallisation
Electron microscopy

Clagss Number Elements

{1) Necu Copper. {2} Kwif Foils. {3) Oevp Recrystallisation, Twins,
Recrystallisation. {4) Oej Twinning. (5) Xulme Electron microscopy,
{6} Oevv Grain growth.

Permutations
1:2:3 2:1:6 5e¢3:1
1:2:4 4:1:5 5:4:1
1:6:5 3:1:5 §5:8:1
1:3:5 6:1:5 1:5:6
1:4:5 5:1:3 1:3:8
Assessment

Failed to translate concept dislocations'into class number, Failed to
include the concept Precipitation boundaries.

SEARCHING

(1) Twins. Oevp, Cevv {A) A:B:C
Precipitation: Boundaries Odj (B) A:C: B
Dislocations Oed, Qeb {C) BsA:C
B:C:A

{2} Twins Qavp, Oevv {A) - A:B

Annealing Vme (B} B:a

{3} Twing Qevp, Qevv (A) A:B

Precipitation Boundaries Odj(B) B:A
{4) Twins Oevp,Oevv (A} A:B

Dislocations Qed, Oeb (B) B:A

{5) Dislocations Oed,Oeb (A) A:B

Annealing Vme ({B) B:A

{8) Precipitation Boundaries Odji{A)  A:B

Annealing Vme (B) B:A

Would have tried Twins Oevp,Oevy generally, but decided this would bring out
too many irrelevant documents, since the place in the schedules for Twins
includes all documents on recrystallisation and grain growth.
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Asgessment

Shonld have broadened the search to find document at Oevp, Oevy or tried
the other number for Twinning Qej - ignorad altogether by the searcher.

There are t00 many places in the schedules for Twing, Twinning.Oej alone should
have been used for twinning and recrystallisation twinning should have been
expressed by the class numbers Oej, Oevp Twinning, Recrystallisation,

REASON FOR FAILURE

Failure due to careless searching. Searcher checked supplementary index
to schedules for Twinning without alsc using the index to the schedules -
consequently did not search the third possible place for Twinning. The failure
also due to omitiing to translate a concept into a class number. The three places
in the achedules for Twinning were also partly to blame.
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QUESTION {115) "What is the cross-sectional shape of extrusions formed
on the surface of aluminium alloys subject to fatigue’.

TITLE {2069} A study of fatigue deformation by reflection electron
micvroscopy. Inst. of Metals Jnl. Vol. 59, March 1960/63, pp 253-254,

INDEXING
Concept Analysis

Fatigue, Deformation
Cracks. Extrusions. Electron micrescepy
Dreflection. Surfaces. Microstructures.

Class Number BElements

(1) Pk Fatigue. (2) Pj Cracks. (3) Xulme Electron microscopy.
{4) Pg Deformations. (5) Od/e Microstructure,

Permutations
1:3 Je2:1 3:4:2:1  4:1 5:1:3

Assessment

{1) Omitted to translate the concept Surface into class number Pej
{2) Omitted vital permutations 1:2 or 2:1
{3} Omitted concept Extrusions. (Stress raisers) from concept indexing,

SEARCHING
{14 Aluminium Nal A:C:R
{ Aluminium alloys Nal.d {A) A:B:
Fatigue Pk {B) B:AC
Stress raisers Px {(C) AR CB:A
{23 Aluminium Nal {A) AB
{ Aluminium alloys Nal.d B:A

Fatigue Pk (B)
{3} Aluminium Nal

{ Aluminium alloys Nal.d {A) A:B
Stress raisers Px (B) BiA

{4) Surface properties Pej (A) A:B
Fatigue Pk {B) B:A

{8) Fatigue Pk (4) A:B
Stress raisers Px {B) B:A

RE-INDEXING

Concept Analysis Add extrusions (Btress raisers)
Class Number Elements (1) Add Px Stress raisers with index entry
Extrusions: Stress raisers Px
(2) Translate concept Surfaces to Pej Surface
Properties.
Permutations Add entry 2:1 or 1:2 Cracks: Fatigue or Fatigue: Cracks

REASON FOR FAILURE

There are three causes of failure: careless permutation, omission
to - translate concept to class number and insufficient concept indexing.



- 264 -

QUESTION {131) "Is the crystal orientation of uranium affected by the
previous history of the metal, and what effect does orientation have on
the properties".

TITLE {1717) The recrystallisation of uranium during cold or hot
forming. Jnl. of Nuclear Materials, Vol.3, Jan, 1961, pp 115-119.

INDEXING
Concept Analysis

Uraniuvm

Cold forging

Hot forging
Recrystallisation

Class Number Elements

{1) Nu Uranium. (2) Oevp Recrystallisation. (3) Vhc Forging.
Permutations

1:2:3 1:3:2 2:1:3 2:3:1 3:2:1

SEARCHING
{1} Orientation Oer {a) A:B
{ Uranium Nu
{ Uranium alloys Nu.d {(B) B:A

Should have searched (Uranium alloys Nu.d
{Uranium Nu {A) A:B
Microstructure Odfe+ (B) B:A
where document would have been found.

REASON FOR FAILURE

Searching failure. Search could have been broadened to include microstructure
of uranium,
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APPENDIX 8A

INSTRUCTIONS FOR SUPPLEMENTARY INDEXERS
GENERAL INFORMATION

1. The documents to be indexed

The enclosed list of documents consists of 20 sheets {front and back pages),
each of which has a minimum of 20 references, and it is from these lists that
we ask you te make your selection of decuments to be indexed, If the intention
is to index a total of 20 documents, select one reference from each sheet, If
40 documents are being indexed, select 2 references from each sheet and so on
for any further multiples of 20 documents.

Where indexing is to be done by more than one system, it is presumed that the
same collection of documents will be used.

2, The indexing

Notes on indexing procedure are given separately for each system, but the
following points are of general applications:-

{2} The depth of indexing which is normally done in an organisation is dependent
on a number of factors, possibly the most important being the requirements
of the users of the index and the type of documents being indexed. In this
respect, the project indexers have been limited by time since they have had
to complete a batch of 100 documents in a definite time which has varied
from 26 hours to 3% hours. We do not wish to place any such resiriction
on those who are doing the supplementary indexing, and we feel that your
contribution would be most valuable if the level of your indexing was that
which you would normally do for your own organisation.

{b) The specificity of the indexing is a more difficult matter. In the notes on
the various systems some examples are given of the degree of detail we
believe necessary. In general we would suggest that you should attempt
to be as specific as possible, bearing in mind that although the eollection
of documents is relatively small we are endeavouring to test the various
systems in their ability to answer specific questions as well a8 more
general questions. The project indexers would normally specify by name
or type number such things as aircraft, engines, wing sections, proprietary
materials, etc. Also we would, where appropriate give a numerical value
to the sweep of a wing and to aerodynamic parameters such as aspect
ratio, taper ratio, and thickness ratio.

3. Recording of indexing

A supply of indexing cards is enclosed, a separate set for each system that
is being done. Already an identification number denoting your organisation has
been put on each card and you are requested {o enter the code reference {as
shown in the first column on the document list, not the source reference} of the
document being indexed. After recording your indexing decisions on the card we
should like you to enier, in the spacez marked, an approximation of the time that
has been spent on indexing the document, and alsc the name of the indexer, as
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shown below: -

ASLIB CRANTIELD PROJECT
INDEXING CARD ¥OR
ORGANISATION | DOCUMENT TIME INDEXER
REFERENCE TAKEN
qq 2008 15 mine. AL SmiTH
PN e oo s s o e

I gy o e

THE UNIVERSAL DECIMAL CLASSIFICATION

The schedules which you are requested to use are as follows :-

B.S.1000A (1947) Abridged English edition

{0) : 1943 Generalities
{5/53) : 1943 Mathematics and Physics
{54) : 1943 Chemistry
{65/89) : 1943 Geology
{621.3) : 1947 Electrical Engineering
{622/823) : 1955 Mining and Military Engineering
{669) : 1948 Metallurgy
{678/679) : 1954 Rubbers, etc.

Aglib Aeronautical Group Draft Revision 532.5 and 533.6 {copy enclosed)

We have also been using some draft revisions for other parts of 621, but these
are not now obtainable. However, if you should have copies, the British Standard
reference numbers are CM{OC)4942 and CR(OC)7325. Otherwise it is suggested
that you use the number as shown in the alphabetical index or alternatively the
number aa given in B.S.1000A, ‘

The enclosed list of terms is a copy of the alphabetical index to the clagsified
catalogue which has been compiled during the indexing of the first 12,000 decuments.
We now find that one may expect that at least 95 per cent of the headings required
for indexing new documents will be in this list, but we do not, of course, wish
you to restrict yourself o the . D. C. numbers which are contained in the
aiphabetical index. However, we would ask that you should not use different
numbers for subjecis that are given in the alphabetical index.

In general, each entry consists of the word or words representing the most
specific elements of the class number indexed, followed by the super-ordinate
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classes in ascending order, to that level which it is considered will eliminate
ambiguity by differentiating between homonyms and between entries for the same
subject in different contexts, No attempt has been made at chain indexing.

Exceptions to this general rule are made where obvious incensistencies
appear. These arise because the U.D. . schedules do not have a consistent
method of breakdown, and the nature of the breakdown will be reflected in the
form of index entries if the rule is rigidly followed. For instance, the entry for
"Turbine blades” reads:

Turbine blades. Gas turbines. Internal combustion engines,

whilst the entry for Propeller blades", if given in the form dictated by the schedules
would read;

Blades. Propellers. Aircraft engineering.

For consistency, therefore, the latter is changed so that the entries under
"Blades" are in the same forms:

Blades, turbine. Gas turbines. Internal combustion engines,
Blades, propeller. Aircrafi engineering.

Although modifications of this kind have been made, we have not tried to find
a formula which would provide entries of a standard form independently of the
schedules. This would be tantamount to constructing a subject headings list and
no example of such a list of even moderate complexity, which displays a standard
structure, is known. The index is therefore a compromise, but the tendency has
been to endeavour to preserve the form of entry which reflects the hierarchy
displayed in the schedules, at the expense of some inconsistency.

There are occasions when the specific term which the schedules dictate should
be the entry term, might be considered as unsought, as for example such terms as
"Design”, "Research”, "Production”, "Measurements", etc. In such cases entry
is usually made both under the prescribed form and under the second term, the
first in this case being transposed and underlined, e.g.

Measurement. Impedance. Vibrations. Physics.
Impedance. Vibrations. Physics, Measurement.

The index is not exhaustive in the sense that all complex numbers used to date
have been indexed, and no indexing of compound numbers produced by the use of
the colon has been attempted, except in a few special cases such as "Cermets"
which take the number 666, 3:669. All main numbers used are included, however,
and it ie hoped that a sufficiently representative selection of numbers syntheslised
by the use of common subdivisions, special analyticals, etc., has been included
for consistency in indexing to be maintained. The following notes on procedure
may alsc help in this respect.

i. Class numbers may be supplementsd by the use of proper names, ste., .
in order to specify particular types of aircraft, particular wind tunnels,
engines, etc. Such names are to follow the class numbers in brackets,
and in the case of aircraft, the country number is to be interpolated. The
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following is a list of numbers commonly treated in this way:

629.13(42) (De Havilland-Comet) (For all aircraft except helicopters)
629,135.45(42) (Westland -Whirlwind)

533.6.071 {(N.P.L. - )

621.432 (Bristol-Pegasus)

621.438 (Bristol-Orpheus)

629.136.3 (Atlas)

669.14 {A.1.8.1. - )

Other numbers may be so treated, but the basic number for the subject
should be used and not that number representing a "kind'' of the thing
concerned, e.g. a pure jet engine should be specified by the use of
621.438(~~~) and not by the use of 621.438.084(-~-). If desired,
separate entry may be made under the more specific number. This
procedure provides a simple list at a single number, and eliminates the
risk of overlooking some of several entries scattered by the use of
specific numbers,

The various kinds of stresses should be placed at 531,22 and its sub~
divisiong, e.g. Bending stresses 531.224. The deformations resulting
from these stresses should be placed at 539.38 and its subdivisions,

e.g. Bending 539,384, The ability to resist these stresses, i.e. strength,
should be placed at 539.4 and its subdivisions, e.g. Bending strength
539.413. ‘ ' «

Common subdivisions, special analyticals, points of view numbers,

country numbers, eic., may be used freely with the numbers to which

the schedules show they are appropriate, with the one exception of the

621 -4 numbers. The reason for this exception is that entry is frequently
required under 621-4 as such because shape is paramount. Where necessary,
the shape number should be coloned to the other number concerned, e.g.
669.715: 621~415 for aluminium alloy sheet. '

533.692 is to be used for all two-dimensional aerofoils, including wings,
and for three-dimensional aerofoils and wings when the shape of the
aerofoil is paramount. For three-dimensional aerofoils and wings in
general, particularly when planform is paramount, 533,693 or its
appropriate subdivision should be used.

Variable quaﬁtities such as angle of sweepback, aspect ratio, etc., may
be specified by including the value in square brackets after the appropriate
class number e. g, ;

533.69.031 4]
533.693.1 [3§]

620.17, 533.6.071 etec., may be used for both descriptions of testing
equipment and methods of testing. Also when attached by a colon to the
things tested they will show the nature of the test carried out. This is
preferred to the use of . 001.5 because of the lack of detail the latter
provides, ’ :
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7. We find that the combination by colons of three mumbérsp {e.g. 533.88%:
533.6.013.13:533.69. 048. 5) is normally sufficient to bring the npumber
of entries to manageable proportions for searching,

ALPHABETICAL SUBJECT CATALOGUE

The enclosed list of headings for the alphabetical subject catalogue have been
generated during the indexing of the first 10,000 documents. The first section
of the list consists of main headings and the last five pages are of the sub-headings
that can be used. A single asterisk against a main heading indicates that it can
algo be used as a sub-heading. A double asterisk indicates that we have used a
further term to denote speed (i.e. transonic, supersonic or hypersonic) e. g,
Wings, low-drag, supersonic,

We {ind that the headings given in the list now meet the very large majority of
our requirements but no doubt you will have 1o use some new headings., We were
unable to find any rules dealing with a method for forming headings that were
applicable and published lists of headings were in general not suitable for our
purpose. We therefore endeavoured to compile some simple rules for the formation
of headings and they are given at the conclusion of these notes. We should be very
interested in having critical comments on these rules and should be particularly
pleased to have any such rules which you might use.

It will be noticed that we have not included any "see also" references in our
list of headings. We intend to compile these ot a later date and hope to be able

to make some comparison of the effectiveness of variocus methods.

RULES FOR THE CONSTRUCTION OF ALPHABETICAL SUBJECT HEADINGS

1. Headings

Headings are composed of Main Headings with Sub-headings if required,

2. Main Headings

The Main Heading is composed of a noun {or a phrase), or a noun gualified
by one or two adjectives. Normally an inverted form is used, so that the
adjective follows the noun. A comma is interposed between the noun and
the adjective, e.g. DIFFUSERS, WIND TUNNEL. Where TRANSONIC,
SUPERSONIC or HYPERSONIC is used to qualify a heading in addition io
another adjective, this speed qualification is to be regarded as subordinate
and is to be placed last, e.yg. DIFFUSERS, WIND TUNNEL, SUPERSONIC.
Where common usage demands, the uninverted form is used, e.g.

GAS TURBINES. In cases of ambiguity, where the same word can be used
with different meanings, a defining term may be_added in square brackets,
e.g. BLOWING [BOUNDARY LAYER CONTROL]. Names of specific
items may be added in curved brackets, e.g. AEROPLANES (DE HAVILLAND-
COMET), AEROFOQOIL SECTIONS (NACA 840190), ASPECT RATIO (9.43),

3. Sub-‘Headinge}_

Sub-headings are used to qualify the main headings and are preceded by a
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hyphen. In general, sub-headings fall into three groups: -

{a} Proc_esses such ag PRODUCTION or ANODISING,

(b} Things which can be measured, caleulated or otherwise determined,
For example, LIFT can be measured, STRESE DISTRIBUTION can
be calculated, COLLAPSE can be determined.

{c} Form such as CHARTS.

In some cases, sub-sub-headings may be used further to qualify main headings
and sub-headings, e.g. WINGS - Lift. Measurement.

FACET CLASSIFICATION

The notes concerning the Facet system are substantmlly those prepared by
Mr. B. C. Vickery and Mr. J. Farradsne who compiled the Facet schedules for
the project. There are only a couple of minor points which it is necessary to add:

{13 There are certain places in the schedules where different terms have been
given the same notation, e.g. Nns Surface tension, capillarity. In the chain
index it is vital that there should be as much consistency as possible to
terminology and often in such cases it will be noted that one term has been
underlined, e.g. Surface fension. This is to show that the underlined term
is to be used for chain indexing, In the alphabetical index {that follows after
the schedules), there will be found cross references from such terms to
the actuzl term to be used.

{2) In some cases the same word has two meanings, e.g. "Spinning" which may
be a flying operation or method of mechanical working. Where this occurs,
it is shown in the schedules, and the chain index should be made in the

" prescribed form "Spinning {Flying operation}'. ‘

Introduction

The Facet schedules attempt to provide a special clagsification for aeronautics
and allied subjects, The field of acronautics itself may be taken to include such
subjects as the uses of aircraft, their types and components, their performance
and operation, their instrumenis and ground services, and so on, and also to ‘
include their aerodynamic and aeroelastic characteristics. In order to allow of
indexing other material of interest in aeronautics, the schedules also cover materials,
their manufacture and properties, aviation hygiene, meteorclogy, general technical
operations, electrical and electronic equipment, managerial operations, mathematics,
etc. Some of these subjects are only sketched in.  Others may prove to be in
greater detail than is needed.

The classification has been constructed by dividing all the concepts arising in
the field into categories ~ groups of items of like nature, e.g. aircraft types,
aircraft parts, engines, flying operations, aerodynamic entities, forces, materials,
processes, etc. The categories so obtained have been arranged in a preferred
order whereby the relations between terms, or order of subordination of one concept
to another, are expressed by the order of these categories. Thus terms which qualify
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other terms come in a later group than do those which are so qualified. The groups
of terms so arranged are listed in the Synopsis at the end of these notes. In the
schedules themselves, each new category introduced is underlined or CAPITALISED.

To the schedules is applied a simple alphabetical notation. Twenty-six blocks of
terms are each identified by a capital letter, and the terms within each such facet
are given small letters.

It will be seen from the Synopsis that the conceptual categories and notational faceis
are not in one-to~one correspendence, for two reasons: (1) there are more than
26 categories, (2) some categories - e.g. Physical properties ~ are very large. To
overcome these problems, the capitals have been allocated more or less evenly
over the whole schedule,

Forming compound subjects

To classify a specific subject, symbols representing its component terms are
combined together, in the order in which they appear in the schedules.

Wedges: flow: vortex sheets: calculation

Fnf Mkf Ngp Yz

Al alloy: strength: high temperature
Peal-a Bp Sud
Sandwich structure: metal: high temperature

Fkd Pe Sud

For many specific subjects, the simple combination of symbols {such as Fuf
Nbf Ngp Yz} is all that is required. However, a few other notational devices are
also provided.

Use of curved brackeis

It is not always possible to represent specific subjects satisfactorily by combining
terms in the order in which they appear in the schedule. The most usual instance of
this is when a "thing" - an aircraft, a component, a material, etc. - is adjectivally
qualified. Provision is therefore made at certain points in the schedule, i.e.
Igh-lyw, Prb-Px and Za-Zvm for terms which can be used out of schedule order
s0 that they can be placed adjacent to the terms which they qualify when compounding
a class symbol for a document, e.g.

Plates: laminated: aerodynamic heating: temperature: distribution: tests
Ffe (Px) Oi Ssb {Z1) Vi

Boundary layer: three~dimensional: stability
Nfk {igh) Ob

Use of square brackets

In some cases it is not possible to provide a notation for all possible sub-varianis
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inserted, after the term they gualify, in square brackeis, e.g. Be ELQCKHEEH -
CONSTELLATION] .

Use of numerals

A further method of specifying a term more closely is by numeraligation -
adding a numeral which expresses an attribute quantitatively. The schedules
specifically direct that this be done at the following places.

Bg Aircraft, planes

Bi ‘Aircraft, engines

Bef Aircraft, rotors

Dh Propeller, blades

Ge Engine, strokes

Gy Compressor , siages
In Polygon, sides

Nf Flow, dimensions

Wik Valve, elecirodes
Wne Transistor, electrodes

Gther instances may occur, e. g,

Surface: rough: Mach 3.12; f{ransition

Fw {It) Nbk 3.12 Nfn

Aerofoil; flow: thickness ratio 10%: camber
Ce Nbf Oqw 10 Oss

Steel: carbon, molybdenum: sirength: temperature 850°F
Pf cmo Rp Ssb 850°F

The "and" problem

One last problem of forming compound subjects ig the "and" problem, in which
two or more terms from the same category are co-ordinate with each other., Two
methods of treatment are possible: (1) treat each term separately forming two or
more independent subjects and therefore two or more separate entries. {2) Include
the two or more terms in a single entry, in normal schedule order.

The first method is {o be preferred, exception being made only when the two
terms are felt to be interdependent as far as the particular document is eoncerned.

Form divisions

Only two form divisions have been allotted Bibliography, symbolised by :b, and
Charts by :c.

Comment on notation

The notation has been chosen with an eye to maximum brevity:
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(1) for terms within each facet, a base of letters has been used rather than only
8 numerals; (2) in allocating symbols within a facet, no consistent attempt has
been made to express hierarchical relations where this would lengthen the
notation (e, g. Aw is subordinate to Av, but this is not shown in the notation,
although the subordination of Avb to Av is shown).

The result of relying mainly on letters is to produce class numbers such as
C Ntq Rkm Rp Rve Vi, BelZs)Om Vbd Vm, or Cd(Ihc)Ng Nr Ogt Yed. Apart from
their complexity {which is simply a reflection of the complexity of the subjects
indexed), it may be that such blocks of letters are not the most acceptable and
easily remembered symbols that could be devised. There is need for further
study of this important psychological aspect of notation. Meanwhile, the proposed
ordinal and letter notation will provide a contrast to the hierarchical and numerial
notation of U.D.C., and some guidance as to their relative acceptability may
result from the project.

Chain indexing

Since the object of faceted classification is to be able to express complex subjects
by a single notation showing the terms involved in a preferred order {that which
appears most logical and helpful to the user), it follows that provision must be
made for finding the position of terms distributed in the subordinated positions.

This is achieved by chain indexing. In this complementary alphabetical index the
concepts in a given coded subject are cited (as words} in the reverse order of the
code, together with the full code. Further entries are then made for each facet

in turn, omitting cne facet word on the left each time, whilst guoting the code number
with one less facet code term on the right each time. The final card will thus be

the first facet term {of the complete coded notation) alone, with its facet notation,

and this is equivalent to the card appearing in a straightforward alphabetical index

to all the terms in the classification, An example follows:

Classified index entry  Cd(Ij}{Iv)leb Nfp Nvf Ya

Chain structure Cd Wings
ij Delta
Iy Slender
ieb Leading edge
Nfp Separation (Boundary layer)
Nvf Pressure distribution
Ya Calculation

Alphabetical index entries

1. Calculation: Pressure distribution: Separation {Boundary layer): Leading
edges: Slender: Delta: Wings Cd{Ij){Iv)leb Nfp Nvf Ya

2. Pressure distribution: Separation (Boundéry layer): Leading edges: Slender:
Delta: Wings Cd{lj}{Iviieb Nfp Nvf

3. Separation (Boundary layer): Leading edges: Slender: Delta; Wings
Callj}Iv)ieb Nip

4, Leading edges: Slender: Delta: Wings Cd(Ij)(Iv)leb
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5. Slender: Delta: Wings Cd{Ij}{Iv)
6. Delta: Wings Cad{lj)
1. Wings Cd

Although these seven entries for a single document may appear io be a large
aumber, it should be realised that the more general alphabetical entries will
cover a number of classified entries. For example "Wings' will not be required
for any of the other many thousands of entries in the classified catalogue which
commence with this subject. As the catalogue grows in size, the average number
of alphabetical eniries per classified entry is reduced and in a very large collection
the ratio tends towards unity.

UNITEEM INDEX

In this introduction a reasonable familiarity with the basic principles of the
uniterm system of co-ordinate indexing is agsumed.

During the past few years, a number of modifications and refinements have
been made to the system as originally proposed by Dr. Mortimer Taube, The
general trend of these changes has been to group the uniterms into categories or
concepts and they appear to lead finally to one of iwo forms of co~ordinate indexing,
either the thesaurus approach or facet classification.

In this project we have discarded all such developments and have indexed by
uniterms in their basic form. This is partly to keep the system as far as possible
removed from the other co-ordinate system being investigated and also because
we believe that it will, by doing it this way, be possible to ascertain what, if
any, improvement is caused by various types of modifications.

The list of uniterms which is enclosed consists of terms originated during the
indexing of the first 10,000 documents. Synonyms are not directly cross-referenced,
but it will be noted that, for instance, the terms "Manufacture® and "Production”
are both given the number "900", These numbers represent the code that is used
for putting the entries on to punched cards, so it is immaterial whether "Manufacture®
or "Production' is used, since they will be brought together in the sorting.

This list is likely, we now find, to meet 95% of the requirenients for uniterms,
but it is probable that some new terms will come up in your indexing, and we
certainly do not wish you to resirict yourself to the terms in the list. Proper
names or numbers may be used as required.

No particular restrictions have been put on the indexers regarding the seleection
of terms. In some cases it may be that all the terms used will have occurred on
the title of the paper or in the abstract but in othér cases the terms may be
entirely different. : : »

Comments concerning desirahle depth of indexing‘are given in the general
introduction but it may be stated thati the reporied experience of compilers of
uniterm indexes is that the general average is 10 uniterms for each document.
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Qur own indexing experience bears this out, although often it has been found
necessary to have 25 or 30 uniterms for a single document.

Recording of Indexing

Would you please enter on the indexing cards the uniterms that you select,
It would assist us if you could place a cross against any uniterms which you use
which are not already included in our list.
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