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APPENDIX 3A 

Firs t letter and enclosures sent to authors 
of research papers 

For some years , with the aid of grants from the National Science 
Foundation, Washington, work has been undertaken at Cranfield into 
the efficiency of various techniques for indexing scientific and 
technical information. This investigation is now moving into a new 
phase, for which we are seeking the assistance of a number of 
scientists and engineers, and this letter is addressed to you as the 
author of a recent research paper. 

The basic problem of information retrieval lies in the relationship 
between the desired recall of relevant documents ("message") and the 
unwanted recall of non-relevant documents ("noise"). In this respect, 
we have been able to make rough measurements of the performance 
of certain existing systems, and in the future work, we shall attempt 
to refine these measurements and reach a point whe re systems can be 
designed to meet given performance and economic requirements. 

Before an investigation of this nature can be done, it is necessary 
to have: 

(a) a collection of documents, 
(b) a number of questions to be used for searching, 
(c) an assessment of the documents in the collection 

regarding their relevance to each of the search 
questions. 

Briefly, our hope is that we will, with your assistance, be able 
to meet these requirements in the following way. The collection of 
documents will consist of the references (apart from books or papers 
written prior to 1954) contained in approximately 400 recent papers 
which will be mainly in the field of aerodynamics. We ask you, as 
author of such a paper, to give us the original problem which 

Continued 
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occasioned the research and also some other questions which arose 
in the course of the work and which might have been responsible 
for the inclusion of any particular papers in the list of references. 
We then ask that each reference shall be given an assessment rating 
for each question. 

If you feel that you cannot spare the time to do this, I should be 
grateful if you would let me know, but I am, of course, hoping that 
you will be able to assist us and assure you that your help will be 
most welcome. The preceding paragraph is a general outline of 
what we wish you to do, but in the enclosed sheets we have given 
more details and have also included some examples for your guidance. 
The sheet we ask you to complete and return lists the references in 
your papers which would be included in the document collection. 

As I have said ear l ier , we hope for and would greatly appreciate 
your co-operation in helping us to investigate this problem of 
information retr ieval . If it is a subject in which you are interested, 
I should be pleased to send you a copy of a report that was recently 
issued on our work so far. 

Yours sincerely, 

Director, 
Aslib Cranfield Project. 
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INSTRUCTIONS FOR ENTERING QUESTIONS AND RELEVANCE ASSESSMENT 

On the front of the attached sheet is entered the title and reference of a paper which 
you have published fairly recently. Would you please enter at (A) the basic problem, 
as closely as possible in the form of a search question, which was the reason for the 
research being undertaken. In addition would you please list any other questions 
(up to three in number) which, in the course of the work, you did put or might have put 
to an information service. 

A number of the references which were given in your paper are listed on the reverse 
of the attached sheet, and it is assumed that they are all, in varying degrees, relevant 
to at least one of your questions. We would ask you to mark on this page in the 
appropriate column your assessment (1. 2, 3, 4 or 5) of the relevance of each 
reference in relation to each of the questions that you have listed. 

This assessment of relevance should be based on the following definitions :-

Mark as (1) references which are a complete answer to the question. Presumably 
this would only apply for supplementary questions, i . e . (B), (C) or 
(D) since if they applied to the main question, there would have been 
no necessity for the research to be done. 

Mark as (2) references of a high degree of relevance, the lack of which either 
would have made the research impracticable or wculd have resulted 
in a considerable amount of extra work. 

Mark as (3) references which were useful, either as general background to the 
work or as suggesting methods of tackling certain aspects of the work. 

Mark as (4) references of minimum interest, for example, those that have been 
included from a historical viewpoint. 

Mark as (5) references of no interest. 

It is appreciated that it is not easy to do this objectively, for personal consider
ations tend to influence judgement. If you find that in certain cases you are uncertain 
as to which rating should be used, then we suggest that your doubts should be shown 
by giving a combined rating. An instance of this odcurs in the example which we enclose 
of a sheet that has been completed by Dr. J. F. Clarke. In relation to his basic 
question A, he decided that references 1 , 2 , 3 and 5 were considered of no interest, 
and were therefore marked with a rating of '5'; reference 4 was assessed as falling 
between ratings •2' and '3' and this is indicated by his marking of 2-3' For 
question B references 1 and 2 were rated at '1' while for question C, references 
3 and 4 received this rating. Reference 4, as will be seen, was considered by 
Dr. Clarke to have varying degrees of relevance to questions A. U and C, but was 
not relevant to question D. 
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A . 7 3 EXAMPLE 

ASLIB CRANFIELD INVESTIGATION INTO 

PERFORMANCE OF INDEX LANGUAGES 

Please complete and return to: 

C. W. Cleverdon, 
The College of Aeronautics, 
Cranfield, Bletchley, 
Bucks. , England. 

AUTHOR J . F . C l a r k e 

TITLE R e a c t i o n - r e s i s t e d Shock F r o n t s . 

REFERENCE C o l l e g e of A e r o n a u t i c s R e p o r t N o . 1 5 0 , May 1 9 6 1 . 

BASIC QUESTION 

(A) Has on* one h/e^hq^hJ the rAe a) che**tco) 

reactions in oteh«r»iviA* shock #o*e sW^crorz* 

(B) 

C°f*V 

(C) 

Hove other vype% d| '/icw-vacc^t* co^/?r€\^(o^ 

+**€*> her* i)W>Fiaarecf cmajyhcolly <# Jb<>ff»#J 

ex^v ime*r*ln 7 

(D) 

h thr'e any z>,*p\c t hJ" rcol'ukc Model 
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LIST OF REFERENCES 

Ref. No. 
• 

1. Clarke, J . F . Flow of chemically 
reacting gas mixtures. 
College of Aeronautics Report 117. 

2. Clarke, J . F . Linearized flow of a 
dissociating gas. 
Jnl . Fluid Mech. , 7_, 1960, 
pp 577-595. 

3. Griffith, W.C. and Kenny, A. 
Jnl . Fluid Mech. 3_, 1957, p. 268. 

4. Lighthill,M. J. Survey in Mechanics 
Ed. by G.K.Batchelor and R.M. 
Davies, Cambridge University 
P r e s s , 1956. 

5. Lighthill, M. J . Dynamics of a 
dissociating gas. 
Jnl . Fluid Mech. , 2, 1957, p p l - 3 2 . 

ASSESSMENT 
Question 

6 

2'S 

5" 

i 

5" 
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APPENDIX 3B 

Second le t t e r and enc losures sent to authors 
of r e s e a r c h papers 

You may recol lect that some months ago you were kind enough to 
help in our investigation into the efficiency of indexing sys t ems . Since 
that t ime we have been engaged in indexing the documents in the 
collection and prepar ing for the test p r o g r a m m e . In this we shall be 
using the questions v/hich you, together with some two hundred other 
au thors , compiled for us . You may r e m e m b e r that at that t ime we 
also asked you to make a relevance a s ses smen t against the questions 
you gave us , of some of the re ferences included in your paper . 

There have been external developments concerning our project 
during the past few months, and this is largely due to the co-operat ion 
which we have received from you and others whose ass i s tance we 
requested. As you may possibly know, major efforts a re being made 
to develop the use of computers for automatic t ransla t ion and also for 
the automatic indexing of documents . The la t te r work has been 
proceeding at var ious levels but a number of groups have been concerned 
with what is usually known as associat ive indexing. Briefly, this 
involves having a computer analyse the key t e r m s used in a collection 
of documents , and working out, usually by some s ta t is t ica l technique, 
the most useful associa t ions of t e r m s to be used in searching. For 
some t ime the National Science Foundation have been interested in 
having a collection of documents that can be used as a common corpus 
by the var ious groups working in this field, so that a relative a s ses smen t 
can be made of their differing techniques The collection which we have 
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compiled has been selected for such a common corpus , with the result 
that the work which you did for us will be used additionally by groups 
working at Cambridge and at a number of American Univers i t ies or 
Research Es tab l i shments 

In addition, there is a further recent ly developed technique known 
as Citation Indexing. This depends on building up an index which 
allows one to find which papers have quoted an e a r l i e r paper . For 
instance, if one wished to find information on the a rea rule one 
might look up the ear ly paper by G. Ward on this subject, and find, 
from the index, re fe rences to all the papers which had quoted it, 
on the assumption that these papers would have some relevance to 
the original subject. This is an assumption, the validity of which, we 
a r e tes t ing. 

As you may have guessed, this preamble is a lead in to ask 
whether you would be willing to help us further in two ways. In 
relat ion to the questions which you provided, you gave a relevance 
a s se s smen t of some or all of the re ferences in your original paper. 
It is these re fe rences which, with those from s imi la r pape r s , make 
up our collection of 1,400 documents . The resul t is that there may 
be in the total collection additional papers which a re relevant to your 
quest ions. This could be ei ther because they appeared after your work 
was published, because you knew of them but did not l ist them, because 
you included them in your l ist of re fe rences but we omitted them from 
our l is t , or because they did not come to your attention. We have had 
a number of pos t -graduate students analysing every document in the 
collection against each question, with the intention that we should have 
a mat r ix which will show the relevance of each document to each 
question. My instruct ions to the students were to l ist anything which 
might possibly be relevant, so my first request to you is to ask if you 
will check these a s s e s s m e n t s that have been done by the students . The 
papers concerned a re listed on the attached sheet , together with the 
original quest ions, and I a lso include abs t rac t s of the papers to help 
you decide. 

The second ma t t e r concerns the questions which you prepared for 
us . Developments in test ing indexing sys tems during the past few 
months have shown up, in a way not previously recognised, the 
importance of the actual sea rch p r o g r a m m e s . It is usually found that, 
within a question, cer tain aspects a re more important than o thers , and 
this we would like you to indicate as far as possible by giving a 
"weighting" to each concept, as descr ibed in the attached sheets . Finally, 
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if you can suggest any related terms which you consider could be 
used as alternatives in searching, we would be grateful if you would 
giv e them. 

I have set out these additional tasks in the order of their 
importance. Whilst we would, of course, be pleased if you could 
supply the answers to all these enquiries, most important i s the 
relevance assessment , and 1 shall be very grateful if you can find 
time to deal with this matter. 

Director 
Aslib Cranfield Project 
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ASSESSMENT OF ADDITIONAL DOCUMENTS 

The first attached sheet is a copy of the form which you originally 
completed by entering the questions that arose in the course of your research 
work. These questions were marked A, B, C, and D. The next sheet lists 
references to additional documents which we have located in the total 
collection and consider might be relevant to one or more of your questions. 
The four-figure file number for each document is followed by a letter or 
letters and these refer to your questions. It is only in relation to the 
particular question so indicated that we ask for your assessment of the 
relevance of the document. To assist you in this task we include abstracts 
of each paper listed. 

The assessment of relevance should be, as before, based on the 
following definitions :-

Mark as (1) references which are a complete answer to the question. 
Presumably this would only apply for supplementary questions, 
i . e . (B), (C) or (D) since if they applied to the main question, 
there would have been no necessity for the research to be done. 

Mark as (2) references of a high degree of relevance, the lack of which 
either would have made the research impracticable or would 
have resulted in a considerable amount of extra work. 

Mark as (3) references which were useful, either as general background to 
the work or as suggesting methods of tackling certain aspects 
of the work. 

Mark as (4) references of minimum interest, for example, those that 
have been included from a historical viewpoint. 

Mark as (5) references of no interest. 



- 130 -

WEIGHTING AND NEW TERMS 

On the attached sheets a re listed the te rms as given in your 
questions. In the box by the side of each term we would ask you to 
indicate its relative importance by marking 1, 2, or 3. These figures 
will indicate :-

1. A paper that did not cover this term would be of no use. 

2. It is desirable that this term should be covered by the document. 

3. This is a term which is not absolutely essential to the enquiry. 

It may well be that you will rate each term as one; this would 
not be surprising but we would not wish to influence your decision in this 
respect. 

Over the remainder of the sheet space is left for you to insert any 
alternative te rms that you consider might be used in the search programme. 
In this case, however, it is more likely that you would wish to show alterna
tive concepts rather than single t e rms , so the te rms have been grouped 
into concepts. As examples of alternative te rms or concepts, in the 
context of a question dealing with "pressure gradient", it might be reasonable 
to substitute "pressure distribution" or "pressure variation"; the concept 
"suddenly heated wall" might be changed to "rapidly cooled solid". 
Alternatively, the complete question might be rephrased, an example of 
this being where the original question was "has anyone investigated relaxation 
effects on gaseous heat transfer to a suddenly heated wall". Rephrased the 
question becomes "has'anyone investigated conditions at the wall behind a 
plain reflected shock front in a real gas by theoretical analysis". If you 
would wish to rewrite your question in this way space is available on the 
sheet. 
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QUESTION 249 Is it possible to estimate the transonic drag-rise 
and buffet boundaries of aerofoils without recourse 
to experiment 

Search Terms 

Transonic 

Drag 

Rise 

1 Buffet 

Boundary-

Aerofoil 

Theoretical 

Estimation 

, . 

-

Weight 

1 

2 

2 

3 

3 

1 

Alternative Terms or Concepts 

Mixed subsonic/supersonic 

Onset of shock induced boundary layer 
separation 

Wing section 

*-

Rephrased Question: i 3 i t possible to obtain a theoretical estimate 
of the transonic drag-rise and onset of shock-
induced boundary layer separation Mach numbers 
for two-dimensional aerofoils 
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LIST OF ADDITIONAL DOCUMENTS OF POSSIBLE RELEVANCE 

ASSESSMENT 
Doc. No. 

1313 SPREITER, J . R . On al ternat ive forms for the 
basic equations of t ransonic flow theory 
J . Aero . Sc. Jan . 1954 

Question 

B D 
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APPENDIX 3C 

LIST OF 1400 DOCUMENTS IN THE TEST COLLECTION 
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1001 BRENCKMAN,M. Experimental investigation of the aerodynamics of a wing in a slipstream. 
J. Ae. Sos. 2£, 1958, 324. 

1002 LI,T.Y. Simple shear flow past a flat plate in an incompressible fluid of small 

viscosity, J.Ae. Scs. 22, 1955» 651• 

1003 GLAUERT,M.B. The boundary layer in simple shear flow past a flat plate. 
J. Ae. Scs. 24, 1957, 848. 

1004 YEN,K.T. Approximate solutions of the incompressible laminar boundary layer equations 
for a plate in shear flow. J. Ae. Sos. 22, 1955, 728. 

1005 WASSERMAN,B. One-dimensional transient heat conduction into a double-layer slab 
subjeoted to a linear heat input for a small time internal. J. Ae. Scs. 2^ 1957» 924. 

1006 CAMPBELL,W.F. One-dimensional transient heat flow in a multilayer slab. 
J. Ae. Scs. 25>, 1958, 340. 

1007 Van DRIEST,E.R. and McCAULEY,W.D. The effect of controlled three-dimensional roughness 
on boundary layer transition at supersonic speeds. J. Ae. Scs. 2Jj i960, 261. 

1008 KLEBANOFF,P.S. Measurements of the effect of two-dimensional and three-dimensional 
roughness elements on boundary layer transition. J. Ae. Scs. 22j 1955t 803* 

1009 K0RKEGI,R.H. Transition studies and skin friction measurements on an insulated flat 
plate at a Mach number of 5.8. J. Ae. Scs. Q, 1956, 97. 

1010 CHAMERE,P.L. and SCHAAF,S.A. The theory of the impact tube at low pressure, 
J. Ae. Scs. 1£, 1948, 735-

1011 NAP0LITAN0,L. Similar solutions in compressible laminar free mixing problems. 
J. Ae. Scs. 2J, 1956, 389-

1012 BISPLINGHOFF,R.L. Some structural and aerelastic considerations of high speed flight. 

J. Ae. Scs. 2^, 1956, 289. 

1013 TSIEN,H.S. Similarity laws for stressing heated wings. J. Ae. Scs. 20j 1953» 1. 

1014 ASHLEY,H. and ZARTARIAN,G. Piston theory - a new aerodynamic tool for the aero-

elastioian. J. Ae. Scs. 2£, 1956, 1109. 

1015 FUNG,Y.C'. On two-dimensional panel flutter. J. Ae. Scs. 2£, 1958, 145* 

1016 MAGER,A. Transformation of the compressible turbulent boundary layer. 
J. Ae. Scs, 2£, 1958, 305. 

1017 TING-,L. and LIBBY,P.A. Remarks on the eddy viscosity in compressible mixing flows. 
J. Ae. Scs. 2£, i960, 797. 

1018 RHYMING,I.L. The flow field in the diffuser of a radial compressor. 
J. Ae. Scs. 21, 1960, 798. 

1019 ZAKKAY,V. An investigation of the pressure distribution on conical bodies in hyper

sonic flows. J. Ae. Scs. 26, 1959, 457. 

1020 L0VE,E.S. Generalised-Newtonian theory. J. Ae. Scs. 26, 1959, 314. 

1021 MASLENjS.H. On heat transfer in slip flow. J. Ae. Scs. 2£, 1958, 400. 

1022 OMAN,R.A. and SCHEUING,R.A. On slip-flow heat transfer to a flat plate. 
J. Ae. Sos. 26, 1959, 126. 

1023 SEBAN,R.A. and B0ND,R. Skin-friction and heat transfer characteristics of a laminar 
boundary layer on a cylinder in axial incompressible flow. J. Ae.Scs. 1J3, 1951> 671* 

1024 FAY,J.A. and RIDDELL,F.R. Theory of stagnation point heat transfer in dissociated air. 
J. Ae. Scs. 2£, 1958, 73. 

1025 LEES,L. and KUB0TA,T. Inviscid hypersonic flow over blunt-nosed slender bodies. 
J. Ae. Scs. 24, 1957, 195. 

1026 CHENG,H.K. and PALLONE,A.J. Inviscid leading-edge effect in hypersonic flow. 

J. Ae. Sos. 2£, 1956, 700. 

1027 COLE,J.D. Newtonian flow theory for slender bodies. J. Ae. Scs. 24, 1957, 448. 

1028 FREEMAN,N.C. A note on the explosion solution of Sedov with application to the 
Newtonian theory- of unsteady hypersonic flow. J. Ae. Scs. 2£, 1960, 77 • 

1029 ISAKS0N,G. A simple model study of transient temperature and thermal stress 
distribution due to aerodynamic heating. J. Ae. Sos. 2£, 1957, 611. 
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1030 GERARD,0. and TRAMP0SCH,H. Photo-thermoelastic investigation of transient thermal 

stresses in a multiweb wing structure. J. Ae. Scs. 26, 1959, 783. 

1031 H0FF,N.J. Thermal buckling of supersonic wing panels. J. Ae. Scs. 2£, 1956, 1019. 

1032 FRIEDRICH,H.R. and D0RE,F.J. The dynamic motion of a missile descending through the 
atmosphere. J. Ae. Scs. £2, 1955, 628. 

1033 RESLER,E.J. and SEARS,W.R. The prospects for magneto-aerodynamics. 
J. Ae. Scs. 2 ^ 1958, 235. 

1034 KERREBROCK,J.P. and MARBLE,F.E. Const ant-temperature magneto-gasdynamic channel flow. 
J . Ae. Scs. 2£, i960, 78. 

1035 LI,T.Y. and GEIGER,R.E. Stagnation point of a blunt body in hypersonic flow. 

J. Ae. Scs. 24, 1957, 25. 

1036 SERBIN,H. Supersonic flow around blunt bodies. - J. Ae. Scs. 2^, 1958, 58. 

1037 FERRI,A. and LIBBY,P.A. A new technique for investigating heat transfer and surface 
phenomena under hypersonic flow conditions. J. Ae. Scs. 2^, 1957, 464. 

1038 SINNOTT,C.S. On the prediction of mixed subsonic/supersonic pressure distributions. 
J. Ae. Scs. 2£, i960, 767. 

1039 SINNOTT,C.S. On the flow of a sonic stream past an airfoil surface. J.Ae.Scs. 26, 
1959, 169. 

1040 Van DRIEST,E.R. and B0IS0N,J.C. Experiments on boundary layer transition at super
sonic speeds. J. Ae. Scs. 24, 1957, 885. 

1041 M0RK0VIN,M.V. On transition experiments at moderate supersonic speeds. 
J. Ae. Scs. 24, 1957, 480. 

1042 SCANLAN,R.H. and TRUMAN,J.C. The gyroscopic effect of a rigid rotating propeller on 
engine and wing vibration modes. J. Ae. Scs. 2Z> 1950, 653-

1043 POTTER,J.L. and WHITFIELD,J.D. The relation between wall temperature and the effect 

of roughness on boundary layer transition. J. Ae. Scs. 2J3, 1961, 663* 

1044 BERTRAM,M.H. Tip-bluntness effects on cone pressures at M=6.85. J.Ae.Scs. 2£, 1956,898. 

1045 CHARWAT,A.F. An investigation of separated flows, Part II: Flow in the ca vity and 
heat transfer. J. Ae. Scs. 28, 1961, 513. 

1046 KLEIN,B. Some comments on the inversion of certain large matrices. 
J. Ae. Scs. 2I3, 1961, 432. 

1047 SAMSON,S.H. and BERGMANN,H.W. Analysis of low-aspect-ratio aircraft structures. 
J. Ae. Scs. 21, i960, 679. 

1048 WILLETT,J.E: Supersonic flow at the surface of a circular cone at- angle of attack. 
J. Ae. Scs. 2£, i960, 907. 

1049 CHAPMAN,D. and RUBESIN",M. Temperature and velocity profiles in the compressible 
laminar boundary layer with arbitrary distribution of surface temperature. 
J. Ae. Scs. jH>, 1949, 547. 

1050 Van DRIEST,E.R. Investigation of laminar boundary layer in compressible fluids using 
the Crocco method. NACA TN.2597, 1952. 

1051 0'SULLIVAN,W.J. Theory of aircraft structural models subjected to aerodynamic heating 
and external loads. NACA TN.4115, 1957-

1052 MORGAN,H.G. Procedure for calculating flutter at high supersonic speed including camber 
deflections, and comparison with experimental results. NACA TN.4335* 1958. 

1053 LARSON,H.K. and KEATING,S.J. Transition Reynolds numbers of separated flows at super
sonic speeds. NASA TN.D349, 1960. 

1054 M0RDUCH0W,M. and CLARKE,J.H. Method for calculation of compressible laminar boundary 
layer characteristics in axial pressure gradient with zero heat transfer. 
NACA TN.2784, 1952. 

1°55 M0RDUCH0W,M. and GRAPE,R.G. Separation, stability and other properties of compressible 
laminar boundary layer with pressure gradient and heat transfer. NACA TN.3296, 1955* 

1056 EHRET,D.M. An analysis of the applicability of the hypersonic similarity law to the 
study of the flow about bodies of revolution at zero angle of attack. 
NACA TN.2250, 1950. 



- 136 -

1057 R0SS0W,V.J. Applicability of the hypersonic similarity rule to pressure distributions 

which include the effects of rotation for bodies of revolution at zero angle of 

attack. NACA TN.2399, 1951. 

1058 AMICK,J.L. Pressure measurements on sharp and blunt 5 and 15 half-angle cones at 
Mach number 3.86 and angles of attaok to 100°. NASA TN.D753, 1961. 

1059 BROWN,W.D. and D0N0UGHE,P.L. Tables of exact laminar-boundary layer solutions when the 
wall is porous and fluid properties are variable. NACA TN.2479, 1951• 

1060 B0BBITT,P.J. and MALVESTUT0,F.S. Estimation forces and moments due to rolling for 
several slender tail configurations at supersonic speeds. NACA TN.2955* 1953• 

1061 R0SS0W,V.J. On flow of electrically conducting fluids over a flat plate in the presenoe 
of a transverse magnetic field. NACA TN.3971, 1957-

1062 COHEN,C.B. and RESH0TK0,E. Similar solutions for the compressible laminar boundary 

layer with heat transfer and pressure gradient. NACA TN.3325* 1955• 

1063 TALBOT,L. Hypersonic viscous flow over slender cones. NACA TN.4327, 1958. 

1064 MOORE,F.K. Unsteady oblique interaction of a shock wave with plane disturbances. 
NACA TN.2879, 1953-

1065 RIBNER,H.S. Convection of a pattern of vorticity through a shock wave. 
NACA TN.2864, 1953-

1066 GRIFFITH,G.E. and MILTONBERGER,G.H. Some effects of joint conductivity on the 
temperature and thermal stresses in aerodynamically heated skin-stiffener 
combinations. NACA TN.3609, 1956. 

1067 TOBAK and ALLEN. Dynamic stability of vehicles traversing ascending or descending 
paths through the atmosphere. NACA TN.4275, 1958. 

1068 L0VE,E.S. Some aspects of air-helium simulation and hypersonic approximations. 
NASA TN.D49, 1959. 

1069 KAATTARI,G.E. Predicted shock envelopes about two types of vehicles at large angles 
of attaok. NASA TN.D860, 1961. 

1070 NITZBURCr,G.E. and CRANDALL,S. A study of flow changes associated with airfoil section 
drag rise at supercritical speeds. NACA TN.1813, 1949. 

1071 MIRELS,H. Laminar boundary layer behind shock advancing into stationary fluid. 
NACA TN.3401, 1955. 

1072 MIRELS,H. Boundary layer behind shock or thin expansion wave moving into stationary 
fluid. NACA TN.3712, 1956. 

1073 LEES,L. and LIN,C.C. Investigation of the stability of the laminar boundary layer in a 
compressible fluid. NACA TN.1115, 1946. 

1074 (X)ODERUM,P.N. An experimental study of the turbulent boundary layer on a shock tube wall. 

NACA TN.4243, 1958. 

1075 HESS,N.W. Studies of structural failure due to acoustic loading. NACA TN.4O5O, 1957. 

1076 MULL*,H.R. and ALGRANTI,J.S. Flight measurement of wall pressure fluctuations and 
boundary-layer turbulence. NASA TN.D280, i960, 

1077 EGrGERS,A.J. A comparative analysis of the performance of long range hypervelocity 
vehicles. NACA TN.4046, 1957. 

1078 REED,W.H. and BLAND,S.R. An analytical treatment of aircraft propeller precession 
instability. NASA TN.D659, 1961. 

1079 JACK,J.R. Effects of extreme surface cooling on boundary layer transition. 
NACA TN.4094, 1957. 

1080 BRASLOW,A.L. Effect of distributed three-dimensional roughness and surface cooling on 
boundary layer transition and lateral spread of turbulence at supersonic speeds. 
NASA TN.D53, 1959. 

1081 0STRACH,S. and THORNTON,P. Compressible laminar flow and heat transfer about a 
rotating isothermal disk. NACA TN.4320, 1958. 

1082 ADAMS,E.W. Theoretical investigation of the ablation of a glass-type heat protection 
shield of varied material properties at the stagnation point of a re-entering IRBM. 
NASA TN.D564, 1961. 
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A P P E N D I X 3D 

L i s t of 279 q u e s t i o n s u s e d in t h e t e s t 

Ql W h a t s i m i l a r i t y l a w s m u s t be o b e y e d when c o n s t r u c t i n g a e r o e l a s t i c m o d e l s 
of h e a t e d h igh s p e e d a i r c r a f t . 

Q 2 W h a t a r e t h e s t r u c t u r a l and a e r o e l a s t i c p r o b l e m s a s s o c i a t e d wi th f l ight of 
h igh s p e e d a i r c r a f t . 

Q3 How c a n one d e s c r i b e t h e a e r o d y n a m i c f o r c e s and h e a t i n g r a t e s a c t i n g on 
a h igh s p e e d a i r c r a f t . 

Q4 W h a t p r o b l e m s of h e a t c o n d u c t i o n in c o m p o s i t e s l a b s h a v e b e e n s o l v e d s o 
f a r . 

Q8 C a n a c r i t e r i o n be d e v e l o p e d to show e m p i r i c a l l y t he v a l i d i t y of flow s o l u 
t i o n s for c h e m i c a l l y r e a c t i n g g a s m i x t u r e s b a s e d on t h e s i m p l i f y i n g 
a s s u m p t i o n of i n s t a n t a n e o u s l o c a l c h e m i c a l e q u i l i b r i u m . 

Q9 W h a t c h e m i c a l k i n e t i c s y s t e m i s a p p l i c a b l e t o h y p e r s o n i c a e r o d y n a m i c 
p r o b l e m s . 

Q : 0 W h a t t h e o r e t i c a l and e x p e r i m e n t a l g u i d e s do we h a v e a s t o t u r b u l e n t C o u e t t e 
flow b e h a v i o u r . 

Q!2 I s it p o s s i b l e to r e l a t e t h e a v a i l a b l e p r e s s u r e d i s t r i b u t i o n s for an og ive 
f o r e b o d y a t z e r o a n g l e of a t t a c k to the l o w e r s u r f a c e p r e s s u r e s of a n 
e q u i v a l e n t og ive f o r e b o d y a t a n g l e of a t t a c k . 

Q13 What m e t h o d s - e x a c t o r a p p r o x i m a t e - a r e p r e s e n t l y a v a i l a b l e for p r e 
d i c t i n g body p r e s s u r e s a t a n g l e of a t t a c k . 

Q14 Wha t would be t h e effect of a sligh.t g a s r a r e f a c t i o n ( i . e . v e l o c i t y and t e m 

p e r a t u r e d i s c o n t i n u i t i e s a t w a l l s ) on e n e r g y s e p a r a t i o n in t u b e s and d u c t s . 

Q15 P a p e r s on i n t e r n a l ' s l i p flow1 h e a t t r a n s f e r s t u d i e s . 

Q16 C a n the r e f e r e n c e e n t h a l p y m e t h o d be u s e d to p r e d i c t r e a l - g a s l a m i n a r -
b o u n d a r y l a y e r s k i n f r i c t i o n and h e a t t r a n s f e r . 

Q17 H a s t h e r e f e r e n c e e n t h a l p y m e t h o d b e e n c o m p a r e d wi th e x a c t c a l c u l a t i o n s 
for t he p e r f e c t - g a s c a s e o v e r a w ide r a n g e of f r e e - s t r e a m M a c h n u m b e r s . 

Q» \ A r e r e a l - g a s t r a n s p o r t p r o p e r t i e s for a i r a v a i l a b l e o v e r a w ide r a n g e of 
e n t h a l p i e s a n d d e n s i t i e s . 

Q22 I s it p o s s i b l e to find an a n a l y t i c a l , s i m i l a r s o l u t i o n of the s t r o n g b l a s t 
w a v e p r o b l e m in the N e w t o n i a n a p p r o x i m a t i o n . 

Q23 How c a n t h e a e r o d y n a m i c p e r f o r m a n c e of c h a n n e l flow g r o u n d effect m a c h i n e s 

be c a l c u l a t e d . 

Q26 W h a t i s t he b a s i c m e c h a n i s m of t h e t r a n s o n i c a i l e r o n b u z z . 

Q27 P a p e r s on s h o c k - s o u n d wave i n t e r a c t i o n . 

Q29 M a t e r i a l p r o p e r t i e s of p h o t o e l a s t i c m a t e r i a l s . 
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Q31 Can the t r a n s v e r s e potential flow about a body of revolution be calculated 
efficiently by an e lec t ronic computer . 

Q32 Can the th ree -d imens iona l problem of a t r a n s v e r s e potential flow about 
a body of revolut ion be reduced to a two-dimensional p roblem. 

Q33 Are exper imenta l p r e s s u r e dis t r ibut ions on bodies of revolution at angle 
of a t tack avai lab le . 

Q34 Does the re exist a good bas ic t r ea tmen t of the dynamics of r e - e n t r y , com
bining considera t ion of r ea l i s t i c effects with re la t ive s implic i ty of r e su l t s . 

Q35 Has anyone formal ly de te rmined the influence of Joule heating, produced 
by the induced c u r r e n t , in magnetohydrodynamic free convection flows 
under genera l condit ions. 

Q39 Why does the compress ib i l i ty t r ans format ion fail to co r r e l a t e the high 
speed data for hel ium and a i r . 

Q40 Did anyone e l se d iscover that the turbulent skin friction i s not over sen

sit ive to the na ture of the var ia t ion of the v iscos i ty with t e m p e r a t u r e . 

Q41 What p r o g r e s s has been made in r e s e a r c h on unsteady ae rodynamics . 

Q49 What a r e the factors which influence the t ime requ i red to invert la rge 
s t ruc tu r a l m a t r i c e s . 

Q50 Does a p rac t i ca l flow follow the theore t ica l concepts for the in teract ion 
between adjacent blade rows of a supersonic cascade . 

Q51 What is a single approximate formula for the d isplacement th ickness of 
a l aminar boundary layer in compress ib le flow on a flat plate . 

Q52 How is the design of r ing or pa r t r ing wings by l inear theory affected 

by th ickness . 

Q53 What application has the l inear theory design of curved wings. 

Q54 What i s the effect of c r o s s sectional shape on the flow over s imple delta 

wings with sharp leading edges . 

Q55 P a p e r s on flow visual izat ion on s lender conical wings. 

Q56 What s ize of end plate can be safely used to s imulate two-dimensional 
flow conditions over a bluff cyl indrical body of finite aspect r a t i o . 

Q57 To find-an approximate cor rec t ion for th ickness in s lender thin-wing theory 
Q58 How do in te r fe rence- f ree longitudinal stabili ty m e a s u r e m e n t s (made 

using free-fl ight models) compare with s imi la r m e a s u r e m e n t s made in 
a low-blockage wind tunnel. 

Q59 Have wind tunnel in ter ference effects been investigated on a sys temat ic 
b a s i s . 



- 187 -

Q61 Are the re any papers dealing with acoust ic wave propagation in reac t ing 
g a s e s . 

Q62 Has anyone investigated re laxat ion effects on gaseous heat t ransfe r to a 
suddenly heated wall . 

Q63 A r e the re any papers which t r ea t heat conduction problems involving 
gas -phase -exc i t ed and surface-exci ted in te rna l energy modes . 

Q64 What is the effect on the base p r e s s u r e of a body from which a jet i s sues 
of varying (a) jet design Mach number , (b) free s t r e a m Reynolds number , 
(c) jet r a d i u s / b a s e r a d i u s . 

Q66 Are the re any theore t ica l methods for predict ing base p r e s s u r e . 

Q67 Does t rans i t ion in the hypersonic wake depend on body geometry and s ize . 

Q68 How can one detect t rans i t ion phenomena in boundary l a y e r s . 

Q69 How can one detect t rans i t ion phenomena in hypersonic wakes . 

Q70 What work has been done on es t imat ing forces and moments on cruciform 
wing-body configurations which a r e rol l ing. 

Q71 Has anyone investigated and developed a s imple model for the vortex 
wake behind a cruci form wing. 

Q72 What is a c r i t e r ion that the t ransonic flow around an airfoil with a round 
leading edge be validly analyzed by the l inear ized t ransonic flow theory. 

Q74 Can the t ransonic flow around an a r b i t r a r y smooth thin airfoil be analysed 
in a s imple approximate way. 

Q79 What a r e the detai ls of the r igorous kinetic theory of g a s e s . (Chapman-
Enskog Theory) . 

Q80 Has anyone investigated the effect of surface m a s s t r ans fe r on hypersonic 
viscous in te rac t ions . 

Q81 What is the combined effect of surface heat and m a s s t ransfe r on hyper 
sonic flow. 

Q82 What a r e the exist ing solutions for hypersonic viscous in teract ions over 
an insulated flat plate . 

Q83 What controls leading-edge at tachment at t ransonic speeds . 

Q84 Can the three-point boundary-value problem for the Blas ius equation 
be integrated numer ica l ly , using suitable t r ans fo rmat ions , without 
i te ra t ion on the boundary conditions. 

Q85 What a r e the effects of smal l amounts of gas rar i fac t ion on the c h a r a c 
t e r i s t i c s of the boundary l aye r s on s lender bodies of revolution. 
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Q86 What i s the avai lable information per ta ining to boundary l aye r s on very 
s lender bodies of revolut ion in continuum flow (the " t r a n s v e r s e curvature" 
effect) . 

Q87 What is the avai lable information pertaining to the effect of slight r a r i -
faction on boundary layer flows (the " s l ip" effect). 

Q92 Is t he re a theory for predict ion of aerodynamic force and movement on 
an osci l la t ing thin airfoi l in a r e a l fluid (medium: water and a i r , angle 
of a t tack: sma l l or l a r g e . ) 

Q93 What invest igat ions have been made of the flow field about a body moving 
through a ra re f ied , par t ia l ly ionized gas in the p re sence of a magnetic 
field. 

Q94 How is the heat t r ans fe r downst ream of the m a s s t r ans fe r region effected 
by m a s s t r ans fe r at the nose of a blunted cone. 

Q95 To what extent can the avai lable information for incompress ib le boundary 
l aye r s be applied to p rob lems involving compress ib le boundary l a y e r s . 

Q97 To what extent can read i ly avai lable s t eady-s ta t e aerodynamic data be uti
lized to predic t l i f t ing-surface flutter c h a r a c t e r i s t i c s . 

Q98 What a r e the significant s teady and non-s teady flow c h a r a c t e r i s t i c s which 
affect the flutter mechan i sm. 

Q99 Is it possible to de te rmine r a t e s of forced convective heat t r ans fe r from 
heated cyl inders of non-c i r cu la r c r o s s - s e c t i o n , (the fluid flow being 
along the gene ra to r s ) . 

Q100 How much is known about boundary layer flows along non-c i rcu la r cyl inders . 

Q101 Is t he re any s imple , but p rac t i ca l , method for numer ica l integrat ion of 
the mixing problem ( i . e . the Blas ius problem with th ree-poin t boundary 
condi t ions.) 

Q102 Does the re exist a c losed-form express ion for the local heat t ransfe r 
around a yawed cyl inder . 

Q103 How far around a cylinder and under what conditions of flow, if any, is 
the velocity just outside of the boundary layer a l inear function of the 
dis tance around the cyl inder . 

Q104 Where can I find p r e s s u r e data on sur faces of swept cy l inders . 

Q105 Can' t the s ta t ic deflection shapes be used in predict ing flutter in place 
of v ibrat ional shapes? If so , can we provide a justification by means 
of an example . 

Q106 Does the boundary layer on a flat plate in a shear flow induce a p r e s s u r e 
gradient . 

Q107 Can the p rocedure of matching inner and outer solutions for a v iscous 
flow problem be applied when the main s t r e a m is a shear flow. 
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Q108 Can s e r i e s expansions be found for the boundary layer on a flat plate in 
a shear flow. 

Q109 What possible techniques a r e available for computing the injection d i s t r ibu
tion corresponding to an i so the rmal t ransp i ra t ion cooled hemisphe re . 

QUO What is known regard ing asymptot ic solutions to the exact boundary layer 

equat ions . 

Q U I Prev ious solutions to the boundary layer s imi la r i ty equations. 

Q112 Exper imenta l r e s u l t s on hypersonic viscous interact ion. 

Q113 What has been done about viscous in terac t ions in re la t ive ly low Reynolds 
number flows, pa r t i cu la r ly at high Mach number s . 

Q114 What ro le does the effect of chemical reac t ion (par t icu lar ly when out of 
equil ibrium) play in the simil i tude laws governing hypersonic flows over 
s lender aerodynamic bodies . 

Q115 Are the re any exper imenta l or exact numer ica l solution resul ts around that 
might indicate the significance of nonequil ibrium - dissociat ion effects on 
smal l d is turbance flow fields. 

Q116 How significant is the possible p r e s s u r e of a dissociated free s t r e a m with 
r e spec t to the rea l iza t ion of hypersonic simulation in high enthalpy wind 
tunnels . 

Q117 Is it possible to use Biot ' s var ia t ional principle for general one dimensional 
and two dimensional heat conduction problems beyond those t rea ted by Biot. 

Q118 Do the d i sc repanc ies among current analyses of the vort ic i ty effect on 
stagnation-point heat t r ans fe r resu l t p r imar i l y from the differences in 
the v iscos i ty - t empera tu re law as sumed . 

Q119 How far can one t rus t the l inear viscosi ty - t empe ra tu r e solution assumed 
in some of the analyses of hypersonic shock layer at low Reynolds number . 

Q120 How close is the compar ison of the shock layer theory with existing expe r 
iments in the low Reynolds number (merged- layer ) r e g i m e . 

Q121 Has anyone explained the kink in the surge line of a mul t i - s tage axial 
c o m p r e s s o r . 

Q122 Have any aerodynamic der ivat ives been measured at hypersonic Mach 
numbers and compar ison been made with theore t ica l work. 

Q123 Are methods of measur ing aerodynamic der ivat ives available which could 
be adopted for use in short running t ime faci l i t ies . 

Q124 Can the i r rotat ional-f low p r e s s u r e dis tr ibut ion, and cer ta in cha rac te r i s t i c 
" s ides l ip" p a r a m e t e r s , be found in closed form in general motion (not 
symmet r i ca l about ver t ica l p lane . ) 
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Q125 What effect has p roximi ty to the ground on the p r e s s u r e dis tr ibut ion and 
lift on an aerofoi l with f laps . 

Q126 What a r e wind-tunnel co r rec t ions for a two-dimensional aerofoil mounted 
off-centre in a tunnel . 

Q127 What i s the p r e s s u r e dis t r ibut ion or load on a split flap on an aerofoi l . 

Q128 How do Kuchemann fs and Multhopp's methods for calculating lift d i s t r i b 
utions on swept wings in subsonic flow compare with each other and with 
exper iment . 

Q129 What exper imenta l m e a s u r e m e n t s exist of span wise and chord wise loadings 

on swept wings at low subsonic speeds and smal l incidence. 

Q130 What i s the p resen t s ta te of the theory of quas i -conica l flows. 

Q131 References on the methods avai lable for accura te ly es t imat ing aerodynamic 
heat t r ans fe r to conical bodies for both laminar and turbulent flow. 

Q132 What p a r a m e t e r s can se r ious ly influence natura l t rans i t ion from laminar 
to turbulent flow on a model in a wind tunnel. 

Q133 Can a sa t i s fac tory exper imenta l technique be developed for measur ing 
osc i l la tory der iva t ives on s lender s t ing-mounted models in supersonic 
wind tunnels . 

Q134 What a r e the values of the stabil i ty der iva t ives in pitch and yaw for cambered 
s lender ogee wings. 

Q135 What effect has the boundary layer in modifying the bas ic inviscid flow behind 
the shock, neglecting effects of leading edge and co rne r . 

Q136 How does a sa te l l i te orbit contract under the action of a i r drag in an a t m o s 
phere in which the scale height v a r i e s with al t i tude. 

Q137 How is the flow at t ransonic speeds about a delta wing different from that 

on a c lose ly - re la t ed tapered sweptback wing. 

Q138 Recent data on shock-induced boundary- layer separa t ion . 

Q139 What in te r ference effects a r e likely at t ransonic speeds . 

Q140 Given complete freedom in the design of an a i rp lane , what procedure would 
be used in o rder to minimize sonic boom intensity, and is there a limit to 
the degree of minimizing that can be accompl ished. 

Q141 Can me thane -a i r combustion product be used as a hypersonic tes t medium 
and pred ic t , within exper imenta l a c c u r a c i e s , the r e su l t s obtained in a i r . 

Q142 What i s the theore t ica l heat t r ans fe r r a t e at the stagnation point of a blunt 
body. 
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Q143 What is the theoretical heat transfer distribution around a hemisphere. 

Q145 Has anyone investigated the unsteady lift distributions on finite wings in 
subsonic flow. 

Q146 What information is available for dynamic response of airplanes to gusts 
or blasts in the subsonic regime. 

Q147 Will forward or apex located controls be effective at low subsonic speeds 
and how do they compare with conventional trailing-edge flaps. 

Q148 Given that an uncontrolled vehicle will tumble as it enters an atmosphere, 
is it possible to predict when and how it will stop tumbling and its sub
sequent motion. 

Q149 What are the effects of initial imperfections on the elastic buckling of 
cylindrical shells under axial compression. 

Q150 Why does the incremental theory and the deformation theory of plastic 

s t res s - s t ra in relationship differ greatly when applied to stability problems. 

Q152 Basic dynamic characterist ics of structures continuous over many spans. 

Q153 Is the information on the buckling of sandwich sphere available. 

Q154 Can the load deformation characteristics of a beam be obtained with the 
material being inelastic and a non uniform temperature being present. 

Q155 What is the effect of an internal liquid column on the breathing vibrations 
of a cylindrical shell . 

Q156 Experimental techniques in shell vibration. 

Q157 In summarizing theoretical and experimental work on the behaviour of a 
typical aircraft structure in a noise environment is it possible to develop 
a design procedure. 

Q158 What data is there on the fatique of structures under acoustic loading. 

Q159 What are the effects of thermal s tress and buckling on the flutter charac
ter is t ics of elastically restrained nearly square panels. 

Q160 What procedures are available for calculating skin temperatures of panels 
subjected to aerodynamic heating. 

Q161 Can increasing the edge loading of a plate beyond the critical value for 
buckling change the buckling mode. 

Q162 Can thermal fatique results , obtained experimentally in engines or laboratory 
te s t s , be related to other experimental results , such as creep, mechanical 
fatigue, plastic deformation. 
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Q163 Have the effects of an e las t ic edge r e s t r a i n t been considered in previous 
pape r s on panel f lut ter . 

Q164 Has the solution of the clamped plate p rob lem, in the c lass ica l theory 
of bending, been reduced to two success ive membrane boundary value 
p r o b l e m s . 

Q165 What data ex is t s on osc i l la tory aerodynamic forces on control sur faces 
at t ransonic Mach n u m b e r s . 

Q166 What information is the re on control surface "buzz" ( i . e . single degree 
of freedom f lu t te r . ) 

Q167 It is not likely that the a i r fo r ce s on a wing of genera l planform oscil lat ing 
in t ranson ic flow can be de termined by purely analyt ical methods . Is it 
possible to de te rmine the a i r fo rce s on a single par t i cu la r planform, such 
a s the rec tangula r one by such method. 

Q168 Is the problem of s imi l a r i t y for r ep resen ta t ive invest igations of aeroe las t ic 
effects in heated flow as in t rac table a s previous invest igat ions imply. 

Q169 What is the magnitude and dis tr ibut ion of lift over the cone and the cylin
d r ica l port ion of a cone-cyl inder configuration. 

Q170 Is t he re any information on how the addition of a "boa t - ta i l " affects the 
normal force on the body of var ious angles of incidence. 

Q171 What a r e the aerodynamic in te r ference effects on the fin lift and body lift 
of a fin-body combination. 

Q173 What is the effect of initial ax i symmet r i c deviations from c i rcu la r i ty on 
the non l inear ( large-deflect ion) load-deflection r e sponse of cyl inders 
under hydros ta t ic p r e s s u r e . 

Q175 A r e previous ana lyses of c i rcumferent ia l t he rma l buckling of c i rcu la r 
cyl indr ical shel ls unnecessa r i ly involved or even inaccura te due to the 
a s sumed forms of buckling mode. 

Q176 What papers a r e the re dealing with c i rcumferent ia l buckling ei ther the rmal 
buckling or due to mechanical loading. 

Q177 What analyt ical invest igat ions have been made of the stabil i ty of conical 
she l l s . How do the r e su l t s compare with exper iment . 

Q181 Has any work been done on determining the nature of compress ib le viscous 
flow in a s t ra ight channel. 

Q182 In what a r e a s , other than low density wind tunnel flows, is viscous com
press ib le flow in s lender channels a problem. 
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Q183 Je t in te r fe rence with supersonic flows - exper imenta l pape r s . 

Q184 Thrus t vector control by fluid injection - pape r s . 

Q186 Is the re exper imenta l data on base p r e s s u r e and wake angle for conical 
bodies in laminar hypersonic flow. 

Q187 Is it poss ible to obtain a reasonably s imple analyt ical solution to the 
heat equation for an exponential (in t ime) heat input. 

Q189 Has anyone p rog rammed a pump design method for a high-speed digital 
computer . 

Q190 Has anyone derived simplified pump design equation from the fundamental 
t h ree -d imens iona l equations for incompress ib le nonviscous flow. 

Q191 Has anyone obtained mer id ional plane or b lade- to-b lade plane solutions 
of pump flow. 

Q193 What a r e the effects of forward facing je ts due to p r e s s u r e ra t io , exit 
mach number , r a t io of specific hea t s , angle of a t tack, and exit to body 
d iameter r a t i o . 

Q194 What is the s tat ic force and moment cha r ac t e r i s t i c s and the shape of the 
bow shock wave on a short blunt 10° semiver tex angle cone with a flat 
b a s e , and a l so one with a conical afterbody having a semiver tex angle of 
50° , in helium at M = 15. 

Q195 Effects of helium contamination on s ta t ic p r e s s u r e s on surface of bodies 
and shock wave shapes in helium at M = 15. 

Q196 What a r e the flutter c h a r a c t e r i s t i c s of the exposed skin panels of the X-15 
ve r t i ca l s tabi l izer when subjected to aerodynamic heating. 

Q198 What information is available concerning the thermodynamic and t r anspor t 
p roper t i e s of a i r for t empe ra tu r e to about 10,000aK and p r e s s u r e s to about 
1,000 a t m o s p h e r e s . 

Q200 What agreement is found between theore t ica l ly predicted instabil i ty t imes 
and exper imenta l ly measured collapse t imes for compressed columns in 
c r e e p . 

Q201 Theore t ica l s tudies of c reep buckling. 

Q202 Exper imenta l s tudies of c reep buckling. 

Q203 Is it possible to co r r e l a t e the r e su l t s on the c reep buckling of widely 

different s t r u c t u r e s within the framework of a single theory. 

Q204 What a r e the exper imenta l r e s u l t s for the c reep buckling of columns. 

Q205 What a r e the r e su l t s for the c reep buckling of round tubes under ex t e r 
nal p r e s s u r e . 
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Q206 Have any analyt ical s tudies been conducted on the t ime- to - fa i lu re m e c h a n i c 
assoc ia ted with c reep collapse for a long c i rcu la r cyl indrical shell which 
exhibits both p r i m a r y and secondary c reep as well as e las t ic deformations 
under var ious dis t r ibuted force s y s t e m s . 

Q207 Which invest igat ions se rve to demons t ra te the v i scoe las t ic action of creep 
col lapse e i ther by use of different or simplified s t ruc tu ra l mode l s , or by 
assuming that the shel l m a t e r i a l exhibits only cer ta in phases of c reep de
format ions; e . g . s teady secondary c r eep . 

Q208 Has the effect of init ial s t r e s s e s , on the frequencies of vibrat ion of circular 
cyl indr ical she l l s , been invest igated. 

Q209 Has the effect of the change of ini t ial p r e s s u r e due to deformation, on the 

f requencies of vibrat ion of c i rcu la r cyl indrical shel ls been invest igated. 

Q210 What a r e the discontinuity s t r e s s e s at junctions in p r e s s u r i z e d s t ruc tu re s . 

Q211 What analyt ical solutions a r e available for s t r e s s e s in edge-loaded shells 
of revolut ion. 

Q212 What dome contours minimize discontinuity s t r e s s e s when used a s closures 
on cyl indrical p r e s s u r e v e s s e l s . 

Q213 What genera l solutions for the s t r e s s e s in p r e s su r i zed shel ls of revolution 
a r e avai lable . 

Q214 Can studies of pure membrane cyl inders having no wall bending stiffness 
but maintaining their shape by vi r tue of in ternal p r e s s u r e provide any in
sight into the behaviour of p r e s s u r i z e d cyl inders with finite wall stiff
n e s s . 

Q215 What a r e the best exper imenta l data and c lass ica l .small deflection theory 
ana lyses available for p r e s s u r i z e d cyl inders in bending. 

Q216 Does a membrane theory exist by which the behaviour of p r e s su r i zed mem
brane cyl inders in bending can be predic ted. 

Q217 What a r e the equations which define the stabil i ty of simply supported c o r 

rugated core sandwich cy l inders . 

Q218 P a p e r s on smal l deflection theory for buckling of sandwich cy l inders . 

Q219 Has anyone developed an analys is which accura te ly es tab l i shes the large 
deflection behaviour of conical she l l s . 

Q223 What is the magnitude of second-order wing-body in ter ference at high 
supersonic Mach number . 

Q224 What is the best theore t ica l method for calculating p r e s s u r e on the surface 
of a wing alone. 
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Q225 How can the effect of the boundary- layer on wing p r e s s u r e be calculated, 

and what is i ts magnitude. 

Q226 How should the Navier-Stokes difference equations be solved. 

Q227 Which i te ra t ive method for solving l inear ell iptic difference equations is 
most rapidly convergent . 

Q228 Is the re any available information on the aerodynamic loading distr ibution 
on wings i m m e r s e d in h igh-energy, non-uniform s l i p s t r eam of the type 
common to V/STOL a i rc ra f t from large scale exper imenta l invest igat ion. 

Q229 I tems on V/STOL a i rcraf t operat ing in ground effect. 

Q230 Technical r epo r t on measu remen t of ablation during flight. 

Q231 What qualitative & quantitative m a t e r i a l i s available on ablation m a t e r 
ia l s r e s e a r c h . 

Q232 Have flow fields been calculated for blunt-nosed bodies and compared with 

exper iment for a wide range of free s t r e a m conditions and body shapes . 

Q233 What a r e the available p rope r t i e s of h igh- t empera tu re a i r . 

Q234 What is the magnitude of aerodynamic damping in flexible vibrat ion modes 
of a s lender body of revolution cha rac t e r i s t i c of launch vehic les . 

Q235 Is the re any published l i t e ra tu re on plast ic buckling of or thotropic plates 

or she l l s . 

Q236 P a p e r s on plast ic buckling of isotropic shel ls and p la tes . 

Q237 How to s tabi l ize thin faces of sandwich construct ion to c a r r y maximum 
loads , i . e . s t r e s s faces up to yield point of m a t e r i a l . 

Q238 Has the buckling of or thotropic and stiffened conical shel ls under e x t e r 
nal p r e s s u r e and other loads been invest igated. 

Q241 Compress ive c i rcumferent ia l s t r e s s e s in a t o r i sphe r i ca l shell r evea l 
the possibi l i ty of buckling under in ternal p r e s s u r e . Has anyone inves t i 
gated for which ranges of shell p a r a m e t e r s these s t r e s s e s a r e sufficiently 
la rge to cause e las t ic buckling. 

Q245 Is the re an in tegral method to give a single and sufficiently accura te method • 
of calculating the laminar separa te point for var ious incompress ib le and 
compress ib le boundary l aye r s with ze ro heat t r ans fe r . 

Q246 What accu ra t e or "exact" solutions of the laminar separa t ion point for 
var ious incompress ib le and compress ib le boundary layers with ze ro heat 
t r ans fe r a r e avai lable . 

Q247 Can the hypersonic s imi la r i ty r e s u l t s be applied to the technique of p r e 
dicting surface p r e s s u r e s of an ogive forebody at angle of a t tack. 

Q249 Is it possible to es t imate the t ransonic d r a g - r i s e and buffet boundaries 
of aerofo i l s without r e c o u r s e to exper iment . 
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Q250 What de t e rmines the onset of shock-induced boundary- layer separa t ion . 

Q251 Are the s table profi les of a compress ib le boundary layer induced by a 
moving wave known. 

Q252 Are the re exper imenta l r e s u l t s on the stabil i ty of a compress ib le boundary 
layer induced by a moving wave. 

Q253 Exact solution methods for calculating the ablative m a s s loss of a m a t e r 
ial ablat ing at high t e m p e r a t u r e s in a hypersonic flight environment . 

Q254 What approximate solutions a r e known to the d i rec t problem of t ransonic 
flow in the throat of a nozzle , i . e . finding the flow in a given nozzle . 

Q255 What approximate solutions a r e known to the indirect problem of t ransonic 
flow in the throat of a nozzle, i . e . finding a nozzle which has a given axial 
velocity dis t r ibut ion. 

Q256 Has the problem of se l f rsus ta ined osci l la t ions of a dynamic sys tem of single 
degree of freedom with non- l inear damping been investigated analyt ical ly 
in a way different from the c lass ica l Van der P o l ' s example . In p a r t i c 
u la r , a r e any exact solutions known. 

Q257 Why do u s e r s of orthodox p i lo t - s ta t ic tubes often find that the cal ibra t ions 
appear to be: -
(a) significantly different from those fo rmer ly specified, 
(b) wildly var iab le at low Reynolds n u m b e r s , 

Q259 Has a compar i son been made between in te r fe rence- f ree drag m e a s u r e m e n t s 
using free-flight models and s imi la r m e a s u r e m e n t s made in a low-blockage 
wind tunnel . 

Q260 Does t ranson ic s imi la r i ty suggest that leading-edge at tachment at t ransonic 
speeds is a potential or a viscous flow phenomenon. 

Q261 Solution of the Blas ius problem with three-point boundary conditions. 

Q262 Can the injection of a light weight gas , such as helium into the laminar 
boundary layer of a high speed flow, reduce the aerodynamic heating en
countered during a mi s s i l e or nose-cone r e - e n t r y into the e a r t h ' s a t m o s 
phe re . 

Q263 What is the p r o c e s s of reflection or absorpt ion of charged par t i c les from 
the surface of a body moving through a ra re f ie ld , par t ia l ly ionized gas in 
the p resence of a magnet ic field. 

Q264 Refe rences on Lyapunov's method on the stabil i ty of l inear differential 

equations with periodic coefficients. 

Q265 Obtain al l papers and r e p o r t s that contain shock detachment dis tance data. 

Q266 Work on flow in channels at low Reynolds number s . 

Q267 Some approximate analyt ical heat conduction solutions using methods other 
than Biot ' s pr inciple . 
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Q268 What mode of s tal l ing can be expected for each stage of an axial c o m p r e s s o r . 

Q269 Has a c r i t e r ion been es tabl ished for de termining the axial compres so r 
choking l ine . 

Q270 Do theor i e s exist for predict ing the aerodynamic der iva t ives at hypersonic 
Mach numbers to include viscous and leading edge bluntness effects. 

Q271 Solutions for vor tex shee ts formed on the t ra i l ing and leading edges in the 
a s y m m e t r i c a l ca se . 

Q272 Has a theory of quas i -conica l flows been developed, in supersonic l i nea r 
ised theory , for which the upwash dis t r ibut ion on the lifting sur face , apar t 
from being a homogeneous function in the co-ord ina te , is permit ted to 
have a quite genera l functional form. 

Q273 How does scale height vary with alt i tude in an a tmosphe re . 

Q274 Je t in ter ference with supersonic flows - theore t ica l p a p e r s . 

Q275 Effects of leading-edge bluntness on the flutter c h a r a c t e r i s t i c s of some 
square-p lanform double-wedge air foi ls at Mach numbers l e s s than 15 .4 . 

Q277 What factors have been shown to have a p r i m a r y influence on sonic boom 
s t rength . 

Q278 What methods of tes t ing and analys is have been used in investigating the 
s ta t ic and dynamic stabil i ty c h a r a c t e r i s t i c s of r e - e n t r y bodies in free flight 
t e s t s . 

Q281 P a p e r s on p r e s s u r e and force dis t r ibut ions on wings. 

Q283 Work on smal l -osc i l l a t ion r e - e n t r y mot ions . 

Q284 Exper imenta l s tudies on panel f lut ter , 

Q285 How can wing-body, flow field in te r fe rence effects be approximated ra t ion
al ly. 

Q288 Has anyone analyt ical ly or exper imenta l ly investigated the effects of i n t e r 
nal p r e s s u r e on the buckling of c i r cu l a r - cy l ind r i ca l shel ls under bending. 

Q289 What bas ic equations should be used in the analys is of s t r e s s e s and d i s 
p lacements in oval she l l s . 

Q290 What is the accu racy of cer ta in types of equations used in analys is of 
s t r e s s e s and d isp lacements in she l l s . 

Q291 What theore t ica l and exper imenta l work has been done on the excitation 
and re sponse of typical s t r u c t u r e s in a noise environment 

Q292 Is the re a design method for calculating the rma l fatiq'ie endurances of 
components of var ious types and s izes in a var ie ty of c i r cums tances . 
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Q293 Will an ana lys i s of panel flutter based on a r b i t r a r i l y a ssumed modes of 
deformation prove sa t i s fac tory , and if so , what is the minimum number 
of modes that need be cons idered . 

Q294 What is the c r i t e r ion for t rue panel f lut ter , a s opposed to smal l amplitude 

vibrat ion a r i s ing from acoust ic d i s tu rbances . 

Q295 P a p e r s dealing with uniformly loaded s e c t o r s . 

Q296 Genera l methods of solving clamped plate p r o b l e m s . 

Q297 How can the analyt ical solution of the buckling s t rength of a uniform c i r 
cular cylinder loaded in axial compress ion be refined so as to lower the 
buckling load. 

Q298 In the problem of the buckling s t rength of uniform c i rcu la r cyl inders loaded 
in axial compress ion , does the l inear solution help with improving the 
non- l inear one. 

Q299 The problem of s imi l a r i ty for r ep resen ta t ive investigation of ae roe las t i c 
effects in a flow with the absence of heating effects. 

9 

Q300 How is fatigue damage es t imated using the normal long-hand method. 

Q301 Is the re any information available on the difference in the effects of 
var ious edge conditions on the buckling of cyl indrical she l l s . 

Q302 What approximate analyt ical or exper imenta l invest igations have been 
per formed re la t ing to the non-l inear bending and buckling of conical 
she l l s . 

Q303 Have non- l inear large deflection analyses been conducted for shell shapes 
other than conical . 

Q304 Are asymptot ic methods sufficiently accura te in the determinat ion of 
pre-buckl ing s t r e s s e s in to r i sphe r i ca l she l l s , or must we r e s o r t to 
numer ica l methods . 

Q305 What is the effect of an ent rance tube on the measu remen t of p r e s s u r e and 
densi ty by a gage placed in a ra re f ied gas flow. 

Q308 What a r e the nonequil ibrium chemical consti tuents in the viscous shock 
layer ahead of a blunt r e - e n t r y vehic le . 

Q310 How is shear ing flow between two coaxial cyl inders affected by suction 
or blowing at the cylinder wal l s . 

Q314 How accura te a r e exist ing analyt ical theor ies in es t imat ing p r e s s u r e 
dis t r ibut ions on cones at incidence, at hypersonic speeds . 

Q315 Are s imple empi r i ca l methods of any use for es t imat ing p r e s s u r e d i s t r i b 
ution in cones . 
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Q316 Do viscous effects se r ious ly modify p r e s s u r e d is t r ibu t ions . 

Q317 Has anyone invest igated theore t ica l ly whether surface flexibility can 
s tabi l ize a laminar boundary layer . 

Q318 What is the side force induced on a supersonic nozzle wall when a liquid 
or gas i s ejected from the wal l . 

Q319 What is the effect of the shape of finite a i rp lane wings on the lift and moment 
r e s p o n s e s to s inisoidal gus t s . 

Q320 What has been published on the subject of non-s teady aerodynamic forces 
act ing on a i rp lane wings due to gusts a n d / o r turbulence . 

Q321 How do subsonic and t ranson ic flutter data measu red in the new Langley 
t ranson ic dynamics tunnel compare with s imi l a r data obtained in other 
fac i l i t ies . 

Q322 How do subsonic and t r anson ic flutter data measu red in F reon - 12 compare 
with corresponding data obtained in a i r . 

Q323 How do la rge changes in new m a s s ra t io quanti tat ively affect wing-flutter 
boundar ies . 

Q327 What is the effect of the shape of the drag polar of a lifting spacecraf t on 
the amount of reduct ion in maximum decelera t ion obtainable by continuously 
varying the aerodynamic coefficients during r e - e n t r y . 

Q328 What a r e the differences in range and aerodynamic heating during r e - e n t r y 
which may be assoc ia ted with the use of different drag p o l a r s . 

Q330 What a r e the effects of a highly underexpanded rocket jet exhaust on vehicle 
s ta t ic and dynamic stabil i ty at hypersonic speeds and high a l t i tudes . 

Q331 What a r e the physical significance and c h a r a c t e r i s t i c s of separa ted laminar 
and turbulent boundary layer flows. 

Q332 Has anyone analyt ical ly invest igated the stabil izing influence of soft e las t ic co re s 
on the buckling s t rength of cyl indr ical shel ls subjected to non-uniform e x t e r 
nal p r e s s u r e . 

Q333 What papers a r e available on the buckling of empty cyl indrical shel l s under 
non-uniform p r e s s u r e . 

Q335 What effect do t he rma l s t r e s s e s have on the compress ive buckling s t rength 
of r ing-st iffened cy l inders . 

Q336 What is the effect on cylinder buckling of a c i rcumferent ia l s t r e s s sys tem that 
v a r i e s in the axial d i rec t ion . 

Q338 Can non- l inear shallow shell analys is be reduced to an engineering technique 
by use of the ma t r i x . 
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Q339 Is it possible to predict the shape of a shroud which will allow simulation 
of the nose region flow field for a sphere in hypersonic flow. 

Q340 What investigations have been made of the wave system created by a static 
pressure distribution over a liquid surface. 

Q347 Has anyone investigated the effect of shock generated vorticity on heat 

transfer to a blunt body. 

Q348 What is the heat transfer to a blunt body in the absence of vorticity. 

Q349 What are the general effects on flow fields when the Reynolds number i s 
small . 

Q352 Find a calculation procedure applicable to all incompressible laminar 
boundary layer flow problems having good accuracy and reasonable 
computation t ime. 

Q353 Papers applicable to this problem (calculation procedures for laminar 
incompressible flow with arbitrary pressure gradient). 

Q354 What s t re s se s and displacements are found In square plates having two 
adjacent edges free and the others either clamped or simply supported 
when they are loaded either by a uniformly distributed load or a concen
trated force at the free corner. 

Q355 Has anyone investigated the shear buckling of stiffened plates. 

Q356 Papers on shear buckling of unstiffened rectangular plates under shear. 

Q357 What theoretical methods are available for calculating the pressure distrib
ution and the flow over symmetrical conical bodies with sharp leading 
edges. 

Q358 In what manner does the surface pressure on a supersonic or hypersonic 
blunted cone approach its asymptotic value. 

Q360 In practice, how close to reality are the assumptions that the flow in a 
hypersonic shock tube using nitrogen is non-viscous and in thermodynamic 
equilibrium. 

Q365 What design factors can be used to control lift-drag ratios at Mach numbers 
above 5. 
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APPENDIX 3E 

SUBSETS OF DOCUMENTS AND QUESTIONS 

In the course of the t e s t s , various subsets were used of the 279 
quest ions (as given in Appendix 3D) and of the 1400 documents (as 
given in Appendix 3C). The main s u b s e t s , which have been referred 
to in the text of this vo lume, are l i s ted . 

QUESTIONS 

SUBSET 1. 35 Questions, each having seven starting terms. 
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40 

49 

67 

81 

82 

87 

95 

113 

122 
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132 
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145 

157 

160 

165 
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177 

181 

189 

205 

211 

219 

261 

285 

292 

293 

294 

299 

315 

338 

SUBSET 2# 42 Questions, all dealing with aerodynamics 
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181 
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223 
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SUBSET 3 . 
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DOCUMENTS 

SUBSET 1. 200 documents, a l l of which a re r e l e v a n t t o a t l e a s t one 
quest ion in Question Subset 2 . 
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APPENDIX 3F 

AUTHORS OF BASE DOCUMENTS AND 
QUESTION COMPILERS 

The authors of the base documents are l i s ted according to the 
country in which they were working at the t ime the paper was 
published. Against each author i s shown the document number 
(as given in Appendix 3C) of his paper, and the number or 
numbers (as given in Appendix 3D) of the quest ions which he 
prepared and which were used in the t e s t . Although all the 
authors prepared s earch quest ions , it will be noted that in 
s o m e c a s e s , none of the questions was used. There were 
various reasons for this; these are d i scussed in Chapter 3 of 
this vo lume. 

AUSTRALIA 

G.A. Bird 

Document 

1531 

Questions 

92 , 263 

FRANCE 

W. Eckhaus 1496 26, 27 

GERMANY 

E . W . Adams 1509 253 

INDIA 

D. T irumalesa 2142 

ISRAEL 

J. Rom 
J. Singer 

1487 
2070 238 

JAPAN 

I. Hosokawa 
F . Sakao 
M; Yasuhara 

1521 
1450 
1494 

72 , 74 

SWITZERLAND 

E. F. Brocher 1495 22 
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UNITED KINGDOM 

J . A. Bagley 

L. Berns te in 
D . E . Bourne 
J . W . Bri t ton 
D. Cat he ra i l 
J . F . C la rke 

B . L . Clarkson 
I . T . Cook 
J . C . Coole 
C . F . Cowdrey 
A .H. Craven 
D . E . Da vies 
M . D . C . Doyle 
N . T . Dunwoody 
R .A. Eas t 
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G.H. Greenwood 
N. Gregory 
B. Glauer t 
I. A. Hall 
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C . S . Sinnott 
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L . C . Squire 
B . S . Stratford 
J . S . Thompson 
P . G . Wilby 
J . G . Woodley 
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162, 
175, 
41 
136, 
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164, 
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124, 
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163, 
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357 
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133, 
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131, 
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356 

66 
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123, 270 
166 

59, 259 
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255 
292 
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273 
260 
299 
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271 
250 
293, 294 
298 

51 
134 
224, 225 
132 
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49 
177 
206, 
85, 
147 

189, 

203, 
23 

80, 
101 
148, 
29 
358 
289, 

183, 
288 
187 
141, 
102, 

181, 
16, 
228, 
230, 
153 
321, 

328 

156 
261 

215, 
304 
246 
320 
302, 

252 

207 

216 

303 

86, 87 

190, 

204, 

191 

205 

81, 82 

283 

290 

184, 

142, 
103, 

182, 

274 

143 
104 

266 
17, 18 
229, 
231 

322, 

281 

323 
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APPENDIX 3G 

QUESTIONS - RELEVANT DOCUMENTS SETS 

This Appendix lists the relevant documents for the 279 questions which are 
given in Appendix 3D. The document numbers refer to the documents as listed in 
Appendix 3C. 

The questions are divided into the two groups of Basic Questions and 
Supplementary Questions. The difference in these groups of questions is discussed 
in Chapter 3; briefly the Basic Question is considered to be representative of the 
main problem which was the cause of the research being undertaken, while a 
Supplementary Question is a question which arose in the course of the research. 

The Base Document refers to the original paper which was written by the 
compiler of the question, and as such it would always be expected to have a high 
relevance to the question. However, in the tests, the Base Document is eliminated 
in the search or searches to which it applies. 

The relevant documents are divided into the four levels of relevance, as 
given on page 21. The papers are then listed in two groups, the first of which 
gives the papers which appeared in the list of references of the Base Document. 
The second group is marked with an asterisk against the document number. These 
refer to the additional papers which were located by students or by bibliographic 
coupling, and which were subsequently submitted to the authors for their decisions 
concerning relevance. 
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BASIC QUESTIONS 

Question 
No. 

Base 
Document 

Relevance 
1 

Relevance 
2 

Relevance 

3 
Relevance 

4 

1486 

8 

10 

12 

14 

16 

22 

1488 

1491 

1492 

1534 

1493 

1495 

23 

35 

39 

41 

67 

72 

80 

1624 

31 

54 

1498 

1499 

1500 

1502 

1892 

1271 

1900, 1902 

49 

50 

52 

54 

56 

57 

58 

62 

64 

1756 

1511 

1512 

1513 

1751 

1752 

1516 

1518 

1519 

1536 

1525 

1184, 1029*, 1031*, 
1057*, 1378*, 1859*, 
1875* 

1099 

1020 

1021, 1549 

1086, 1194, 1650, 
1652 

1064, 1265 

1266 

1032, 1067, 1164* 

1016, 1413 

1200, 1201, 1601 
1901, 1544*, 1597* 
1634*, 1687*, 1698* 
1700*, 1704*, 1705* 
2109*, 2112*, 2141* 
2197*, 2256*, 2259* 
2272*, 2289* 

1046/1047 

1213 

1224 

1250*, 1514*, 1609* 
1612* 

1465 

1169 

1024, 1283, 1552, 
1553, 1554, 1555, 
1556 

1468 

1305, 1570* 

1012, 1051, 1102, 1013, 1014, 1015 
1185, 1030*, 1037*, 1052, 1142, 1195* 
1056*, 1066*, 1095*, 1462* 
1497*, 1858*, 1876*, 
1879*, 1880* 

1236, 1166* 

1115, 1257, 1258 

1056, 1057, 1058 1019 

1550 

1378* 

1027, 1028, 1262, 
1263 

1106, 1196 

1639*I 1715*, 1716* 

1717* 

1087, 1088, 1104, 
1267, 1268, 1269, 
1270, 1407, 1408 

1414 

1899, 1903, 1593* 
1749*, 1917*, 1919* 
2290* 

1092 

1212, 1214, 1215, 
1216, 1276, 1277, 
1426, 1427 

1278, 1428 

1225, 1793* 

1249, 1777, 1778 

1252, 1431 

1168 

1173, 1174, 1179, 
1282 

1272 

1467, 1469, 1470 

1308, 1481*, 1338* 
2185*, 1629*, 1663* 
1798*, 1572* 

1294* 

1160, 1020*, 
I654* 

1649 

1065, 1311* 

1719*, 2379* 

1199, 1594*, 
2333* 

1464, 1465, 
1466 

1776 

1247, 1250 

1141 

1172, 1176 

1557, 1558 

1775* 

2226*, 2355* 
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Question 
No. 

83 

84 

85 

92 

95 

94 

95 

97 

99 

101 

102 

106 

113 

114 

117 

118 

121 

122 

124 

125 

128 

153 

155 

156 

137 

140 

Base Relevance 
Document 1 

1526 

1527 

1528 

1530 

1531 

1123 

1538 

1753 

1754 

1322 

1539 

1388 

1629 

1541 

1542 

1630 

1543 

1544 

1545 

1651 

1652 

1755 

1547 

1548 

1757 

1758 

1459 

1326, 

1084 

1016, 
1562 

1380 

1788 

1475 

1565, 

1002, 
1664* 

1021, 

1352, 
1401* 

1595, 
1587, 

1667 

1588 

1599 

1676, 

1606, 

1615, 

1795, 

1802, 

Relevance 
2 

1629* 

1375, 

1566 

1460, 

1003, 1128, 
, 1629* 

1324, 1650* 

1572, 1578, 
, 1625* 

1579, 
1873* 

1677 

1611 

1614, 

1794 

1803 

1580, 

1615 

Relevance 

5 

1311, 1316, 1440, 
1797*, 1798* 

1320 

1561, 1441, 1442, 
1445, 1445, 1748* 

1296, 1055* 

1024, 1101, 1294, 
1564, 1565, 1560 

1578, 1255*, 1271* 
1502* 

1749*, 2559* 

1785, 1786, 1787 

1476*, 1527* 

1564, 2159* 

1180, 1525, 1524, 
1595, 1594, 1659, 
1004*, 1584*, 2502* 

1094, 1664,1504*, 
1570*, 1494* 

1575, 1574, 1421*, 
1160*, 2215*, 2504* 
1068*, 1571*, 2252* 

1524, 1578, 1666, 
1670 

1589, 1590 

1597, 1598 

1652, 1245*, 2094* 
2095 

1678, 1679, 1205* 

1594, 1790 

1562 

1616, 1617 

1797 

1808, 1809, 1811, 
1255* 2247* 

Relevance 
4 

1187, 1514, 1515 
1794*, 1265* 

1478 

1021, 1094, 
1022*, 1506* 

1562, 1565, 1444 
1200*,1201*,1593* 
1687*,1755*,1919* 
2005* 

1446, 1447, 1448 
1449, 1208*,1297* 
1298*,1299* 

1628*, 1661* 

1576, 1577 

1014, 1705, 1779 
1780, 1579,1645* 
1686* 

1025, 1581, 1582 
1784, 1789 

1520*, 1478* 

1661* 

1418* 

1128, 1525, 1665 
1505*,1509*,1571* 
1655*,1588*,1062* 

1025, 1517, 1577 
2198*,1655*,2555* 

1688*,1708*,1715* 

1060, 1782* 

-

1050, 1256, 1609 
1612, 1406* 

1618 

1795, 1796,1420* 

1804, 1805, 1806 
1807, 1810,^243* 

141 1655 1691 
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question 
No. 

145 

147 

148 

149 

155 

154 

155 

157 

159 

162 

165 

164 

167 

166 

175 

177 

185 

187 

189 

194 

196 

200 

205 

206 

208 

210 

214 

217 

219 

Base 
Document 

1657 

1658 

1659 

1760 

1761 

1762 

1764 

1640 

1766 

1767 

1894 

1641 

1895 

1184 

1769 

1898 

1942 

1944 

1945 

1947 

1948 

1950 

1951 

1952 

1955 

1954 

1955 

1956 

1957 

Relevance 
1 

1919 

1846, 2056 

2058, 2059 

1713 

1717, 

1821, 
2122* 

. 

1725, 

1865, 

1015, 

1916 

1051, 

1829, 
2146* 

1952, 
1958 

1969, 
1972, 

1101, 

1069, 
2005, 

1766* 

2014, 

2027 

2029 

2041, 

1840, 

Relevance 
2 

1719 

1822, 1824, 

1728 

1867 

1591, 1864* 

1185 

1887, 1890, 

1956, 1957, 

1970, 1971, 
1174*, 1997* 

1164 

2005, 2004, 
2006, 2007 

2020 

2042 

2045 

Relevance 
5 

1705, 1704, 1705, 
2289*, 1779* 

2001*, 2579* 

1820, 1823, 1825, 
2051*, 2121* 

1826, 1828 

1855, 1854, 1855, 
1836, 1357 

1848 

1729, 1911* 

1591, 1864, 
1012*, 1015* 

1595, 1866, 1868, 
1869, 1870 

1914, 1592*, 1627*, 
1658* 

1751 

1920, 1921 

1878 

1885, 1886, 1888, 
1891 

1957*, 2151* 

1187, 1975, 1175*, 
1176*, 1409*, 1946* 
1992*, 1994*, 1995* 

1981 

1985, 1990 

1999, 2000, 2001 

1858, 1859, 2008, 
1012* 

2015, 2016, 2017, 
2018, 2019 

2028 

2054, 1951*, 2021* 

1765, 1858, 1859, 
1841 

1889, 2046, 2048, 
2050, 1845* 

20S7. 2058. 20VJ. 
1956*, 1951*, 19J4* 

1956*, 1957*, 1958* 
2151* 

Relevance 
4 

1698, 1699, 1700 
1701, 1702, 1706 
1792*, 2559* 

1708, 1709, 1711 
1712 

1844, 1845, 1846 
1847 

1720, 1075*,1909H 

1856, 1857, 1858 
1859,1746*,1877* 

1750 

1874 

1889 

1951, 1954, 1955 

1974, 1177* 

1982, 1985 

1717 

2012 

* 

2045, 2044 

2047, 2049, 2051 
1926*, 1822* 

2052 
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Question 
No. 

223 

226 

228 

232 

Base 
Document 

2062 

2063 

2064 

2006 

Relevance Relevance 
1 2 

2090, 2091, 1001* 
2170* 

1273, 2105, 2106, 
2107, 1556, 1025* 
1372*, 1410*, 1456* 
1626*, 2151* 

Relevance 
3 

2074, 2075 

2078, 2083, 2084, 
2085 

1453, 2089, 2092, 
2144*, 2162*, 2164* 
1484* 

1093, 1161, 1502, 
2011, 1019*, 1055* 
1056*, 1044*, 1215* 
1354*, 1369*, 1370* 
1421*, 1471*, 1557* 
1605*, 1655*, 1657* 
1689*, 2307*, 1318* 
1425*, 2504*, 1160* 
1482*, 1572* 

Relevance 
4 

2080, 2081, 2082 

1122*, 1666*, 
2555* 

234 

235 

237 

238 

241 

245 

249 

256 

257 

2066 

2067 

2069 

2070 

1489 

1503 

1515 

1893 

1234, 2108, 2110, 2114, 2115 
2111, 2112, 1231* 

1829, 2116, 2117, 
2118, 2119, 2120, 
2121, 1743*, 2130* 

1822, 2127, 2128 1742, 2050, 2121, 2051* 
2126, 1826*, 1743* 

2131 1936, 2129 2117, 2118 

2134, 2137, 2138 2135, 2136 

1054, 2386* 1562*, 1336* 1055, 1996 

1038, 1039 1206, 1313* 1203, 1204, 1205 

1150, 1281 

1159, 1238 1259, 1904, 1906, 
1672* 

262 1529 1340, 1342, 1646*, 1337, 1358, 1559, 
2199* 1343, 1344, 1480, 

1481, 1353*, 1366*, 
1565* 
1680, 1681, 1682, 
1683 

1838, 1839, 1840, 1743* 
1842, 2045* 

1739, 1740, 1742, 1744 1741 
1743 

1010, 1183 

1552| 1625*, 2296* 1093, 2151, 1401* 1110, 2391*,1423* 
1541*, 2295*, 1316* 2304*,1160*,1569* 

1482* 

1585, 1386 

2305, 2304, 2309, 2306, 2308, 1605* 1602, 1603, 1604 
2110* 2305, 2310, 1048* 

1232* 

1025, 1654, 2326, 1262, 1974, 1160* 
2327, 2328, 1942* 1352*, 1572* 

1704, 2331, 2350, 2552, 2553, 1779, 2329 
2534, 2341* 

2338, 2341 2340 

272 

288 

297 

505 
506 

510 

514 

518 

519 

521 

1655 

1765 

1642 

2159 

2140 

2285 

2285 

2288 

2289 

2290 
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Question Base Relevance 
No. Document 1 

1555 

1506 

2191 

2182 

1156 

1666, 1667, 
2595 

2258, 2594 

2535, 2585 

Relevan 
2 

2171 

1888, 1889, 

ce 

2178 

Relevance 
5 

1165, 2544, 2545, 
2546 

2549, 2550, 2551 
2552 

1891, 2172, 2175, 
2174 

1885, 1887, 1886* 
1890*, 1769*, 1891* 
2175*, 1845* 

1855, 2561, 2562, 
2565 

Relevance 
4 

1164, 2347 

2050* 

1841, 2176, 2177 

1057, 1055* 

327 2291 

330 2292 1598* 

352 2145 

335 2146 

338 2294 

559 

540 

347 2191 1666, 1667, 2258, 2394 1668*, 1670*, 2204* 2591 
2500*, 1057*, 1559* 
1650*, 2107*, 2215* 

352 2182 2585, 2585 1155, 1241, 2582, 2570, 2586, 1111* 
2584, 1150*, 1292* 1458*, 1479*,1977* 
1576*, 1459*, 2565* 
1062*, 2566* 

1644 1647, 1648 1424, 1425, 1454 
1551 

1400, 1419, 2587, 1412, 2592, 2598 
2597, 2400 2599 

1161, 1421, 2377 
2580 

354 

355 

365 

1422 

2396 

2188 

1012, 
1746* 

2579, 2505*, 2504* 1040, 
2578, 
1448*, 
2280*, 
1924*, 
2075*, 

SUPPLEMENTARY QUESTIONS 

1015, 1184, 1858* 1051, 
1859*, 1948* 1285*, 

1295, 2509, 
2581, 1225*, 
, 1449*, 2124* 
, 1455*, 1925* 
, 2062*, 2074* 
, 2215* 

1102, 1202*, 
, 1590*, 1391* 

1486 1012, 1015, 1184, 1858* 1051, 1102, 1202*, 1014, 1052,1580* 
1442* 

1497*, 1643*, 1856* 
1857*, 1877*, 1864* 
1658* 

1015, 1185,1095* 5 

4 

9 

15 

15 

17 

18 

1486 

1485 

1488 

1492 

1554 

1495 

1495 

1552*, 
2296* 

1048*,1122* 
1554*,1560* 
2005* 

1012, 
1184, 

1021, 

1050 

1259, 

1014, 
1606* 

1022, 

1405 

1142, 

1550 

1051, 1052, 1102, 
2147*, 1658* 

1005, 1006, 1090, 
1091, 1119, 1144, 
1181, 1399 

1401, 2297* 

1020, 1058, 1196* 
1197*, 1999*,2112* 

1260, 1406, 1378* 
1606* 

1502*, 1456*, 1457* 
1458*, 1998*, 2011* 
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Question 
No. 

27 

29 

52 

55 

40 

51 

55 

55 

59 

61 

65 

66 

68 

69 

70 

71 

74 

79 

81 

82 

86 

87 

98 

100 

105 

104 

105 

107 

108 

109 

Base 
Document 

1496 

1497 

1498 

1499 

1502 

1511 

1512 

1513 

1516 

1517 

1518 

1519 

1536 

1536 

1520 

1520 

1521 

1524 

1525 

1525 

1528 

1528 

1753 

1754 

1539 

1539 

1627 

1588 

1588 

1628 

Relevance 
1 

1064 

1463 

1068 

1145, 

1252 

1611* 

1166,1167 

1168 

1272, 

1288, 

1555 

1289 

1467,1468 
1469 

1094 

1566 

1567 

1390 

1002, 
1128, 

1005 
1180 

Relevance 
2 

1106 

1196, 1197, 1198 

1376*, 1406*, 1565* 
2076* 

1225, 1464, 1514* 

1173, 1188* 

1024, 1285, 1552, 
1554, 1556 

1024, 1283, 1552, 
1553, 1554, 1555, 
1556 

1432 

1433 

1305 

1304, 1306, 1507, 
1509, 1510, 1570* 
1572* 

1025*, 1105*, 1381* 
1494*, 1629* 

1021, 1022*, 1506* 

1380 

1788 

1567, 2084* 

1391 

1664*, 1629* 

1664*, 1629* 

1662 

Relevance 

3 

1462 

1196 

1224, 1279 

1466, 1609*, 1612* 

1431, 1672*, 1714* 
1799*, 1800* 

1132 

1172, 1097*, 1121* 
1187*, 1242*, 1409* 
1487* 

1079*, 1207*, 1418* 
1505*, 2257* 

1272, 1085*, 1976* 

1434 

1039*, 1503*, 1775* 

1302, 1436 

1558*, 1544*, 1481* 
1625*, 1570*, 1798* 

1505, 1629*, 1665* 
1798*, 2185*, 2555* 

1192 

1595*, 1746*, 1914* 

1785, 1786, 1787 

2078*, 2081* 

1564, 1566 

1180, 1659, 1660 

1525, 1524, 1593 
1594, 1659, 1589* 
1004*, 2502* 

1101, 1460, 1661, 
1062* 

Relevance 
4 

1065 

1793 

1171 

1557 

1557, 1558 

1287, 1288, 

1437 

1084*,1123* 
2226*,1629* 
1572*,2355* 

1308 

1526, 1065* 
1261* 

1526 

1014, 1379, 
1779, 1780, 
1012*,1015* 
1857*, 1859' 

1289 

,2185* 
,1665* 

} 

1705 
1704 
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Question 
No. 

110 

111 

112 

115 

116 

119 

120 

123 

126 

127 

129 

130 

131 

132 

134 

138 

139 

142 

143 

146 

150 

152 

156 

158 

160 

161 

165 

166 

169 

170 

171 

Base 
Document 

1540 

1540 

1540 

1541 

1541 

1630 

1630 

1544 

1631 

1631 

1632 

1633 

1546 

1546 

1755 

1757 

1757 

1635 

1635 

1637 

1760 

1729 

1764 

1640 

1766 

1766 

1643 

1643 

1896 

1896 

1896 

Relevance 
1 

1333 

1569,1571 
1572 

1594,1597 

1672 

1675,1678 
1679 

1608 

1024 

1283 

1728 

1860,1861 

1862,1863 

1922 

Relevance 
2 

1458, 1570 

1568, 1570, 1062* 

2355* 

1332, 1574, 1578, 
2189*, 1625* 

1576, 1656* 

1378, 1667 

1668 

1205*, 1794* 

1680, 1681, 1682, 
1683 

1606, 1406* 

1406* 

1794, 1797, 1796, 
1256* 

1252, 1801 

1817, 1818, 1819, 
1824 

1913 

1847 

1724, 1726, 1727 

1360 

1923 

Relevance 
3 

1977*, 1062* 

1101, 1283, 1565* 
1977*, 1307* 

1101, 1655*, 2213* 

1317, 1575, 1576, 
1110*, 1167*, 2295* 
1421*, 1160*, 1068* 
2252* 

1575 

1324, 1666, 1670, 
2391*, 1329* 

1666, 1667, 1670 

1596, 1598 

1608, 1142*, 1294* 
1962*, 2192*, 2213* 

1606, 1710* 

1791, 1792, 1545* 

1793, 1796, 1291* 
1311*, 1335*, 2364* 

1797, 1799, 1800, 
2154* 

1283, 1294*, 1559* 
2393* 

1699, 1700, 1701, 
1702, 1703, 1779* 
1681* 

1820, 1825 

1910 

1846, 1849 

1075*, 1909* 

1606*, 1980*, 1012* 

1031* 

1746, 1748, 1749, 
1265* 

1746, 1748, 1265* 

1360, 1605*, 1927* 

1605* 

1924, 1925 

Relevance 
4 

1336* 

1024 

1798* 

2210*, 2198* 

1317, 1574, 1578 

1329*, 2391* 

1799* 

1554*, 1522*, 
1873* 

1800, 2187*, 
2367* 

1793, 1794, 
1672* 

1689, 1690, 1101* 
1354*, 2104*, 
2161*, 2395* 

1662* 

1698, 2289*, 
2339* 

1911 

1844, 1845 

1720, 1723 

2174* 

1014* 

1492* 
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Question 
No. 

173 

176 

181 

182 

184 

186 

190 

191 

193 

195 
198 

Base 
Document 

1897 

1769 

1941 

1941 

1942 

1943 

1945 

1945 

1946 

1947 

1949 

Relevance 
1 

1885,1886 
1887,1888 
1890,1891 

1979 

1984,1985 
1988,1989 
1990 

2003,2004 

1259,1302 
2011 

Relevance 
2 

2146* 

1966 

1967, 1968 

1974, 2326* 

1985, 1987 

1987 

1405 

] 

1967 

1964, 

1187, 
1971, 

1474 

1984, 
1990 

1991, 
1994, 

Relevanoe 
5 

1965 

1969, 
1972, 

1988, 

1992, 
1995, 

1970 
1975 

1989 

1993 
1997 

Relevanoe 
4 

1926 

1986 

1986 

1717 

201 

202 

204 

205 

207 

209 

211 

212 

213 

215 

216 

218 

224 

225 

227 

229 

230 

231 

233 

1950 

1950 

1951 

1951 

1952 

1953 

1954 

1954 ( 

1954 

1955 

1955 

1956 

2062 

2062 

2063 

2064 

2065 

2065 

2006 

2014 

2020 

2018 

2021 

2029,2021* 
1951* 

2038,2041 

2042 

2043,2044 

1840 

2076 

2089,2090 
2091,2093 
2094,2095 

2103 

1983,2102 
2104 

1302,2011 

2018, 

2031, 

2043, 

1763, 
1841 

1889, 

1687, 

2087 

2144* 

2100 

2097, 
1555* 

1552* 

2019 

2032, 

2044 

1838, 

2048, 

2076 

2100, 

2035 

1839 

2050 

1274* 

2013, 2015, 
2017, 1951* 
2025*, 202& 

2024* 

2059, 2042 

2045, 1743* 

2045 

2046, 2049, 

2074 

2077, 1569*: 
1655* 

2088 

2164* 

1983, 2101, 

2096, 2098, 
2101, 1082* 

2016 
, 2023* 
* 

1843* 

J 572* 

2104 

2099 

1998*, 2009*, 2010* 

2012, 2018, 2019 
2020,1952*,2024* 

2012,2016,2022* 

2017, 2023, 2024 
2025,2026,1950* 
2016* 

2022, 2034* 

2037 

1852* 

2075, 2077 

1687 

P099 

2103, 1982* 

1273, 1556 
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Question 
No. 

236 

246 

247 

250 

251 
252 

253 

254 

255 

259 

260 

261 

263 

264 

265 

266 

267 

268 

269 

270 

271 

273 

274 

275 

277 

278 

281 

283 

284 

285 

Base 
Document 

2067 

1489 

1492 

1503 

1504 

1501* 

1509 

1750 

1750 

1516 

1526 

1527 

1531 

1532 

1533 

1941 

1542 

1543 

1543 

1544 

1545 

1548 

1942 

1634 

1758 

1759 

2064 

1639 

1948 

2188 

Relevance 
1 

1111,1155 
1458,1459 

1071,1072 

1217,1774 

1118,1157 
1774,1775 

1252,1431 

1320,1321 

1367,1451 

1058,1411 
1482 

1582,1583 
1586,1982* 

1591 

1685 

1803,1808 
1809 

1813 

2090,2091 
2092 

Relevance 
2 

2119, 2120, 2121 

1460, 1461 

1311* 

1040, 1041, 1074 
1207, 1272, 1418 
1170*, 2264* 

1274 

1312, 1313 

1036 

1351, 1966, 1967 

1588, 1589 

1201, 1572, 1577 
1595 

1229* 

1622 

1973, 1974, 1409* 

1802 

1032, 1814 

1858, 1859, 1857* 
1766* 

Relevance 
3 

1054, 1562* 

1020, 1056, 1057 

1415, 1416, 1798* 
2364*, 2367* 

1082 

1322, 1476 

1446, 1447 

1964, 1965 

1584, 1585 

1592, 1772* 

1590 

1025*, 2355*, 1068* 

1191, 1600, 1601 
1433*, 1782* 

1619, 1620, 1621 

1997*, 2061* 

1686 

1807, 1811, 1253* 

2000* 

1453, 1443*, 1675* 
1676*, 1677*, 1780* 
1783*, 1794*, 1484* 

1032, 1067, 1715 
1716, 1499*,2379* 

2008, 1856* 

2309, 2378, 1923* 

Relevance 
4 

1743*, 1823* 

1316*, 1335* 

1141 

1449 

1423* 

1978* 

1590 

1588, 1589 

1569*,2311*,1540* 
1332* 

1617,1616,2150* 

1804, 1805, 1806 
1810,2243*,2247* 

1717 

1015*,1285*,1894* 

1161, 1421, 2377 

289 1765 1851 

1924*, 2062*, 2074* 2379, 2380 
2075*, 1225*, 2280* 
2305*, 2304* 

1829, 1852 
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Question 
No. 

290 

291 

292 

293 

294 

295 

296 

298 

299 

300 

301 

302 

303 

304 

315 

Base 
Document 

1765 

1640 

1767 

1894 

1894 

1641 

1641 

1642 

1184 

1768 

1769 

1957 

1957 

2071 

2285 

Relevance 
1 

1015, ,1391 

1914,1915 

1733, 
1735, 

,1734 
,1736 

2052,2057 
2058,2059 

2052,2053 

Relevance 
' 2 

1850, 1852, 1853 
1854, 1855 

1721, 1722, 1725 
1725, 1728, 1729 
1911* 

1395, 1866, 1869 

1285* 

1285*, 1857*, 1858* 

1051, 1185, 1874 
1875, 1876 

1881 

1887, 1888, 1889 

2054, 2055, 2056 
2060, 1743*, 1744* 

2134, 2137, 2138 

Relevance 

3 

1829 

1075*, 1909* 

1865, 1868, 1870 
1872, 1873 

1390*, 1864* 

1015, 1391, 1856* 
1948*, 1864*, 1658* 

1750, 1422*, 1648* 
2392* 

1739, 1742, 1743 

1878, 1879, 1880 
1202*, 1746*, 1013* 

1883, 1884 

1843* 

1743* 

1058, 2505, 2506 

Relevance 
4 

1851 

1724, 1726 

1867 

1590*, 2008* 

1731, 1755, 1754 
1735, 1736 

1012* 

1602, 1603, 1604 

316 

317 

320 

322 

323 

328 

331 

333 

336 

348 

2285 

2287 

2289 

2290 

2290 

2291 

2292 

2145 

2146 

2191 

1888 

1024,1101 
2393 

1572, 

2321, 

1779, 

2356 

2358, 

2351, 

1891, 

1885, 

2311 

2322 

2351 

2559 

2556 

2172 

1887, 1889 

1065*, 1540* 

2529, 2197*, 1657* 
1699* 

2358, 2541 

2540, 2541 

1165, 2544, 2548 
2217*, 2219* 

2550, 1187*, 1487* 
2583*,2585* 

2175, 2174, 1765* 

2178, 1769*, 2175* 
1886*, 1890*, 1845* 

1666, 1667, 1095* 
1559*, 1650*, 1662* 
2104*, 2107*, 2204* 
2215*, 2500* 

1602, 1603, 1604 
2305,2188*,1507* 
2215*,1655*,2555* 
1068* 

1698, 2530 

2555 

1879 

1164, 2545, 2547 

1045*|1055*,1316* 
2106*,2228* 

1769*,2030*,2031* 
2055*,2052*,2068* 

2177 

2258 
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Question 
No. 

349 

353 

356 

357 

358 

Base 
Document 

2191 

2182 

2396 

1514 

1626 

Relevance 
1 

2391 

1019,1122 
1227 

1025,1093 
1161,1370 
1372 

Relevance 
2 

1666, 1667, 2258 
2394, 2395 

1155, 2383, 2385 

1044, 1371, 1657 
1423*, 1482* 

Relevance 
3 

2078*, 2080*, 2081* 
2214*, 2198*, 2204* 
2300*, 1559*, 1630* 
1662*, 2107*, 2213* 

2382, 1062*, 1292* 
1458*, 1459*, 1461* 
2365*, 2366*, 1111* 
1150*, 1479* 

1400, 2387, 2392 
2398 

1369, 1160*, 1332* 
1572* 

Relevance 
4 

1241, 2370, 2384 
2386 

1318* 

360 2286 1656, 2313, 2317 2316 
2318, 2319, 2157* 
2274* 




