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not to be regarded by implication or otherwise as in any manner
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any rights or permission to manufacture, use, or sell any patented
invention that may in any way be related thereto.
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Defense Documentation Center (DDC), Cameron Station, Bldg. 5, 5010
Duke Street, Alexandria, Virginia, 22314, The distribution of this
report is limited because the report contains technology identifiable
with items on the strategic embargo lists excluded from export or
re-export under U. S. Export Control Act of 1949 (63 STAT. 7), as
amended (50 U.S.C. App. 2020,2031), as implemented by AFR 400-10,

Copies of this report should not be returned to the Research and
Technology Division, Wright-Pattern Air Force Base, Ohio, unless
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or notice on a specific document,
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ABSTRACT

The function and use of the Electronic Properties Information
Center is reviewed in this annual report covering 1 February 1964
through 31 January 1965. An overview of the development of the Center
since its inception in June 1961 is included. The modified coordinate
index, the indexing philosophy and vocabulary, data evaluation and
compilation, and the development of data processing techniques are
covered in some detail., Approximately 17,000 publications have been
acquired and indexed, and 2000 data sheets iscued. The Center has
also published technical reports on individual materials of current

inierest.
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INTRODUCTION

The Electronic Properties Information Center (EPIC), as estab-
lished and maintained by Hughes Aircraft Company under Air Force
contract, is both unique and outstanuing among the world's specialized
information centers, From the beginning of the prorgram in June 1961,
Hughes has brought to the Center extensive experience in five fields:
materials technology, information retrieval, library science, data
processing, and systems engineering. EPIC has demonstrated these
capabilities by developing an exhaustive, systematic, and organized
approach to the literature on an international basis; by creating methods
and files to control the large amount of literature; by using routines
and procedures slanted toward maximum production; by planning an
indexing system ideal tc handle specialized materials information; by
economically developing automated techniques to save both money and
time and to enable publication and distribution of EPIC output cheaply
and quickly; by building an indexing vocabulary and indexing philosophies
in a unique fashion; and in evolving data evaluation and analysis tech-
niques that have resulted in useful compilations of data sheets.

In general, the functions of EPIC can be described as: searching
out all literature containing data on the electrical and electronic prop-
erties of materials; indexing and abstracting that literature for access;
and extracting, evaluating, synthesizing and compiling the data into
series of data sheets. In addition, special reports and bibliographies
are published, copies of the index are distributed, and technical
que:tions are answered,

Presently, EPIC can offer the following services:

1. A search of the lite ture to {ind specific data or information,

2. A bibliographic compilation on specific properties of specific
materials.

3. A bibliographic compilation on specific materials,

4, Copies of EPIC publications, if still available,

Three annual reports have previously been published by EPIC,
Parts I, II, and Ill of ASD Technical Documentary Report No. ASD-TDR-
62-539. These were prepared under Contract No, AF 33(616)-8438,

1




"

This report, in general, supplements thear. Howeinr, 0 chue- o
the reader an excellent overview of the Center and e jue won o s
it also sometimes repeats the informalion . =0 o v theae i1

reports.

BEST AVAILABLE COPY



USE OF EPIC

{he une of EPIC (s increasing rapidly as indicated by the growth in
buth che distribution list and the number of r« quests for technical infor-
mation.  The distribution list now requires 268 copies of each publication
we release,  This includes data sheets and specia: reports. It is an
imter: *tonal list containing two c:mpanies outside of the United States.
her the U 8., the list comprises all types of institutions within .ur
s ientific community, including universities, private industries, state
and federal government agencies, and document centers, such as the
Dtenne Documentation Center and tﬁe Scientific and Technical Informa-
tion Center of NASA, Almost every state is represented.

Technical inquiries during this contract year numbered 342,
coming to EPIC from a group of engineers and scientists as diversified
as the distribution list. These inquiries varied from highly complex
quustions in which EPIC was required to act as a technical consultant,
to aimple questions which a data sheet, already compiled, could answer.
A few have required over 100 man-hours to complete; others have been
arawered in just a few minutes,

Of the 342 questions, about 6 percent were outside of the scope of
the Center, dealing primarily with devices or other than electrical or
electronic properties (thermophysical, mechanical, optical, etc.). In
many instances, the questioner was referred to other information
centers, However, in every instance, EPIC was able to supply some
technical information gathered either from the EPIC collection or from
the excellent Hughes Library Services,

For some requests, the best answer has haen a bibliography taken
from our index, The computer printout of material properties has been
unsulted and accession numbers of relevant articles followed to the
papers. If a chack oftheseshows pertinency, they have been assembled
ans a bibliography and forwarded, .

At times the inquiry is broader than the system, so the anchor has
resorted to supplemental effort through the Hughes library system. This
type of request calls for considerable effort on the part of qualified



members of the technical staff to search the literature and assemble the
data. A few requests have been so specific that direct point values of

a property have bsen needed. These points may be assembled in tables
from every facility in the company, or rnade available in Xerox copies
from the original.

EPIC capability in answering these questions has resulted from
the use of extensive Hughes abilities in the five fields mentioned in the
INTRODUCTION. These have been demonstrated by the flexibility
offered EPIC at Hughes by: (1) a permanent staff, able to provide rou-
tine or highly specialized answers; (Z) the consultation with highly
skilled materials engineers and researchers; (3) the cooperation of well
equipped reproduction, microfilm, data processing, and similar groups,
and ’4) the availability of a large industrial library system in close
proximity to EPIC and supervised by the same head.

Over 2000 data sheets have been published on 34 materials and
many inquiries have been answered by sending copies of these. Because
"hot' materials, determined in consultation with experts both at Hughes
and those outside of Hughes using EPIC facilities, are compiled first,
the chances of answering questions using data sheeis are improving
rapidly with each series issued,

The wisdom of a unique, systematic, and vxhaustive approach to
the experimental data in the liierature can be seen in the following. For
everv 1000 titles examined by EPIC members for possible inclusion in
the Center, about 100 are finally included and ¢ zumented, and about 25
are used in compiling data sheets. By indexing and abstracting to this
depth, EPIC is able to furnish technical answers of value beyond the
experimental data, and yet improve the quality of the data sheet by heing
selective and evaluative, These statistics aiso point out how impo: sible
it would be for an individual to go through this same process to get the
data. The individual would nut have access to our specialized knowledge
of sources nor to the routines and philosophies which enable EPIC to
accomplish their mission,

Every facet of EPIC is slanted toward the user. It is part of the
philcsophy of EPIC that the user needs a compilation that is as complete




as possible. It is continually being demonstrated that this little bit of
extra effort produces valuable data that outweighs the time involved.

EPIC is greatly advanced in the ec.'nomical and practical use of
data processing techniques., Indexes and bibliographies can now be
cheaply published by machine. A technical question requiring a 500
document bibliography on a selected group of materials and properties,
can now be answered at a cost of about $15.00, compared to a former
manual cost of about $90.00. This includes giving the questioner both
bihliographic entries and abstracts, divided by materials and properties.
It also gives him a much neater, easier-to-read copy than our former

method of reproducing our abstract cards by an electrostatic process.




Previous page was tlank, therel..c¢ not filmed.

SEARCHING, SELECTING, AND ACQUIRING THE LITERATURE

In order to understand the full scope of our effort, EPIC has
continually maintained an up-to-date survey of the literature. This has
been done by counting random samplings of useful publications in index-
ing and abstracting services, bibliographies, citation lists, and similar
sources,

At the beginning of the program, it was estimated that there were
27,000 publications of interest to EPIC, with a growth rate of 2500 per
year. With the passage of over three years, and because it has been
found desirable to include some documents not in that first count (e. g.,
some secondary sources and review articles), the counts now indicate
about 40,000, with a growth rate of 3200 per year. There are now
17,000 documented into our system.

Searching is essential to establish the existence of these publica-
tions of interest to EPIC. Indexing and abstracting sources have been
systematically explored for the data sought for the different categories
of materials. In general, the procedure followed has been a year-by-
year search, working backward in time from the most recent period in
the most comprehensive abstract sources; then a further exploration is
made of the bibliographies contained in the documents., The literature
thought to contain data is recorded on 3" x 5'' cards and checked for
duplication against search and holdings records. It is then paged from
Hughes Aircraft Company library shelves, borrowed from other librar-
ies, or ordered from DDC, NASA, and other sources and then appraised
by a subject specialist for relevant content. In addition, certain special-
ized bibliographies and DDC demand bibliographies have been searched,

Once the search for a category has been completed for the major
indexing and abstracting sources, systematic exploration is initiated in
the unindexed current issues of journals, serials, report serics, and
similar sources which are indicated to be remunerative through an
examination of a cumulative source file maintained as an auxiliary aid
to searching. A system of direct inquiry for information concerning

current research programs is under development through leads furnished




by the search results, contacts in the United States and abroad,
Government and Defense agencies, Efforts are made to obtain the data
developed under such programs on a current basis.

Indexes searched for retrospective material on a current basis

are:

DDC Tecnnical Abstract Bulletin NASA Star

Ceramic Abstracts Nuclear Science Abstracts

Chemical Abstracts Physics Abstracts

Digest of Literature on Dielectrics Review of Metal Literature

Engineering Index Solid State Abstracts

Electi-ical Engineering Abstracts U.S. Government Research
Reports

New issues of the following journals are being searched as
they arrive:

Acedemie des Sciences. Comptes Rendus
Academy of Sciences. USSR Bulletin
American Ceramic Society, Bulletin
British Institute of Applied Physics
Canadian Journal of Physics
Czechoslovak Journal of Physics
Electrochemical Society, Journal
Electro-Technology

Helvetica Physica Acta

IEEE, Proceedings

Indian Journal of Physics

Insulation

Journal de Physique et le Radium
Journal of Applied Physics

Journal of Chemical Physics
Journal of Electronics and Control
Journal of Metals

Materials in Design Engineering
Nature

Optical Society of America, Journal
Philips Research Reports

Philips Technical Review

Physica

Physica Status Solidi

Physical Review

Physical Review Letters

Physical Society, Proceedings
Physical Society of Japan, Journal
Physics and Chemistry of Solids
Review of Modern Physics

Royal Society of London, Proceedings
Soviet Physics — Doklady




Soviet Physics — JETP

Soviet Physics — Solid State

Soviet Physics — Technical Physics
Zeitschrift fur Naturforschung
Zeitschrift fur Physik

Hughes Aircraft Company is also a member of the industrial
associates programs of several large universities and receives their
publications. These are also consistently screened.

The entire facilities of the library services of Hughes Aircraft
Company is available which gives access to over 500,000 publications,
growing at the rate of 5000 per month., EPIC and Hughes Aircraft Company
appear on hundreds of automatic distribution lists issued by universities
and companies throughout the world, As these publications are received,
they are consistently examined.

Arrangements have been made to receive unpublished output of
many companies outstanding in materials research. Members of the
Air Force are also assisting us in obtaining many Department of Defense
documents which could not otherwise be obtained. The result of this
activity is that approximately 6000 items are considered each month for
possible inclusion in the Center, 2000 of these are actually examined,
and 500 are indexed and abstracted into the Center.

The Selection process is closely tied in with the mission of the
Center, to acquire, index and abstract all publications which contain
experimental data on the electrical and electronic properties of mate-
rials, or associated articles which would be helpful in evaluating and
understanding this data. In addition, the program is slanted toward
applications, rather than pure or basic research. However, in spite of
this, approximately 50 percent of the use of the Center is by research
scientists, with the remaining 50 percent by applications engineers.
Because of this wide range of users, the tendency sometimes is to
include material outside of our basic mission but which may be useful to
a given user, for many users need a wide range >f information rather
than just single points.

Literature selected and acquired through the search procedures
is reproduced or ordered directly for permanent retention. A large

portion of this literature is available from the Hughes Aircra libraries.
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Literature not held by Hughes Aircraft Company libraries is purchased,
borrowed or ordered from other libraries or issuing agencies. .. con-
tinuing effort is made to be placed on distribution lists for reports issued
on current research relevant to the project. Reports issued as part of
Government contracts are ordered largely from DDC. Other reports

are ordered directly from the issuing agency.

The ratio of acquisition to search is 1 to 10, with variety of
influences causing the large spread. All articles in a selected periodi-
cal are searched, usually page by page, on the chance that usable charts
or graphs ray appear. A‘bstract services duplicate each other consider-
ably. Translation services are likely to have translated mostly the out-
standing foreign articles or entire journals, causing a small overlapping
of search effort. None of the above are serious, but all point to the

nature of searching.
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EPIC ROUTINES AND PROCEDURES

The "Work Flow Chart'" (Figure 1) presents a visual map of the
path which a piece of literature takes on its road to becoming a part of
the EPIC collection.

As has been stated, a piece of literature comes to the attention
of a Member of the Technical Staff in any of several methods. Frequently
the article is abstracted in one of several conventional abstracts. Such

abstracts as Ceramic Abstracts, Chemical Abstracts, Metals Review,

Science Abstracts (Section A: Physics Abstracts and Section B:

Electrical Engineering Abstracts), Solid State Abstracts, Scientific and
Technical Aerospace Reports (STAR) and Technical Abstract Bulletin
(TAB) are searched systematically for ref rences to articles worth

including in the system, The technical staff, however, cannot depend
solely on abstract scrvices to lead them tc all applicable literature,

for all articles appearing in a given periodical are not necessarily
abstracted by a given abstracting service. There is often a time lag
between the publication of an article and a reference to it in an abstract-
ing journal. Also, an abstract of an article does not always fully
represent the article,

A second method by which an MTS can become cognizant of an
article for possible inclusion in the system 18 through the study of the
bibliographies, footnotes, and citations appearing in the literature it-
self. Every competent engineer and scientist gives full bibliographic
credit to his peers in the field who have been engaged in exploring the
same areas of knowledge as he. The bibliographies and other references
appearing in their publicaticns are, therefore, an excellent source of
additional leads to material,

Still another type of material of interest is the technical infor-
mation published by many chemical and electronics firms. This liter-
ature i often not available ir the articles published in journais and
other periodicals. Personal contacts, such as those furnished by atten-
dance at professional meetings and conventions such as WESCON are
frequently valuable sources of this type of literature, Being on a

company's mailing hist can be a helpful source of information,
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Mention was made above of the use made ol the commercially
published abstracts, and the leads which these publications provide. A
somewhat similar source of information is the bibliographies published
by the Defense Documentation Center (DDC), formerly ASTIA, ard
NASA's information facility, These bibliographies and the other types
of literature issued by DDC provide a valuable source of information
and material for EPIC,

EPIC maintains subscriptions to all of the abstracting services
listed in the second paragraph. It reccivea copies of STAR and TAB
from the company's Technical Document Center which is responsible
for the internal distribution of these two abstracts. When a copy of
any of these abstrzcts is received in the FPIC otfiee, 1t is routed to the
desk of the MTS charged with the responsibility for searching this title
for references to relevant articles. Fach title, e. g., Chemical

Abstracts or Electrical Engineering Abstracts, is always searched by

the same MTS, who thus gains familiarity with the format and other
physical arrangements of the abstract journal. This familarity con-
tributes to speed and thoroughness in searching th~ abstracts. As the
MTS goes through the pages of abstracts he indicates with a penciled
check-mark or other means those articles he believes appropriate to
the system., Hu then sends the complete abstract journal to the EPIC
office where a member of the clerical staff clips out the citation and
pastes it on a 3" x 5'" card,

With over 17,000 articles in the system, careful attuntion must be
paid to the matter of preventing duplications. This is more than a
matter of keeping out two copies of the same articles; it is also a matter
of the ""quality” of an article. For example, an author or a group of
authors might submit an article for publication in a professional journal.
As their work and their knowledge progress, they will elaborate on the
original article (frequently giving it the same title) and present it at a
symposium or conference. Perhaps it is then published as a paper in
the Proceedings of the Conference. Meanwhile, copies of the original
periodical article might have been issued in reprints. The Defense

Documentation Center will frequently issue these reprints after assigning

13




an AD number. A similar situation exists, for exampole, in the case

of an article being ''reprinted" in the Bell Telephone System Technical

Publications Monograph Series with some additional material being

included in an appendix that did not appear in the original,

For the above reasons EPIC makes every effort to prevent duplica-
tions being entered into the system. The first '""dup. ' check (as indicated
in Figure 1) is, in a sense, the most important. It indicates whether or
not any further efforts should be expended in acquiring the article. If
it has been determined that the article is not in the system, the 3" x 5"
search card becomes part of a collection which, when sufficiently large,
is sent to the Company Library. As this Library adjoins the EPIC office,
there is constant liaison and communication between the staff members
of both sections. Should there be any question concerning the desired
references, as happens when a misprint appears in a citation clipped
from an abstract journal, this difficulty can be resolved on the spot,
without the necessity of telephone calls or letters. The Company
Library subscribes to approximately 900 periodicals and has a collection
of 7000 bound periodical volumes,

Most of the desired items found through searching the abstract
journals are contained in the collection of the Company Library. It has
been mentioned above that '" an abstract of an article is not the article, "
Regardless of the nature of the abstract it is still essential that an MTS
examine the article before it is definitely accepted as being relevant to
the EPIC system. For this reason, a member of the Library Staff puils
the desired periodicals from the periodical shelves and places them on a
table to be examined by a member of the technical staff. Those that bear
out the initial belief that the article is relevant are set aside to be repro-
duced on a Xerox 914 copier. As with the Library, the room containiny
the Xerox machine is next to the EPIC office and good liaison can be
maintained.

Two copies of the desired article are reproduced on the Xerox 914
and sent to EPIC; the volume is returned to the Library. One of the
copies is supplied to the Air Force as part of the contractual agreement;

the other remains in the system as the file copy. Some journals and
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periodicals contain such an extensive number of relevant articles that
EPIC maintains a subscription. In this case the original article is clip-
ped from the journal and ons covny is reproduced on the Xerox machine,
When a periodical is received cn an EPIC subscription it is alwayna
routerd to the same member of *he technical staff who indicates on a
Search Form the desired pages to bc reproduced from the journal, On
the same form the member of the technical staff supplies information
with a rubbe - stamp relating to the content of the article for future une
that is, whether it 18 experimental, review, background, fabrication
and application or technology. At the same time, the category (Semi-
conductoy, Insulator, etc.) is indicated by the appropriate letter (5, I,
etc.). The forms have been designed so that regardless of the source
of the article = Libra&-y or EPIC suLscription -~ the information relating
to the content and the category can he noted.

Once an article has been acquired every effort is made to entar it
into the system under as complete a bibliographic entry as possible,

In the case of articles that have been acquired from journals the entry
consists of the author's name, the title of the artic'e, the name of the
journal, as well as its volume, its number and the inclusive pages, In
order to conform to the Flexowriter, great care must be given to the
matter of abbreviations in the bibliographic entries. As the syatem is
"user-oriented'' the entry must be meaningful to the user yet be such
that it can be accommodated to the Flexowriter,

The bibliographic entry for DDC items consists of thr issuing
agency, the title, the personal author, the report number, the contract
number, the date, and the AD number as supplied by DDC,

The entries for vendor literature and company reports, or other
reports in published form, bulletins, announcemunts, these and similar
material consist of the name of the company or issuing agency, the titln,
the personal author, the bulletin pr repost number if one appears on the
article. {if none appears, it .8 necessary to identify the article as a
data sheet, report, technical report or other mecaningful label.) Finally,
the date of the article is adied to the entry.



At this point, the article is returned to the member of the tech-
teal statf who makes a further appraisal of its relgvancy to the system,
It the article is worthy of retention, it is indexed and abstracted on an
appropriate form (Figure 2). The indexing system and the indexing
vacabulary are discussed elsewhere in this report and will not be dis-
cussed an this - sction,

After the article is indexed and abstracted, it is routed to the
member of the technical staff who controls the indexing vocabulary., He
determines whether the materials terms are already in the indexing
vocabulary cither as a primary term or a ''cross-reference' term and
mmakes appropriate changes. Then a final duplicate check is made.

At the time the bibliographic entry was being typed on the index-
abstract (torm) a carbon copy was typed on a 5' x 8" card. This card
serves two purposes: it becomes the ''in-process’ file while the article
i1s undergoing various steps in being processed and it is used as the ori-
ginal form from which two additional cards are made. These two cards
are, the Author card and Journal card., Both cards are essential to the
smooth functioning of the system. Tne Author file is, as the name
indicates, an alphabetical listing of all personal and corporate authors
who have written or published material that has teen included in the
syatem. A special mention should be made about the journal [ ile, It
ha» demonstrated itseli to be extremely valuable as a "'control file, "

It provides a quick method of checking for duplicates. It provides a
yuick, visual exhibit of how thoroughly a given journal, e.g., Physical

Review or Journa' of Applied Physics, has been searched and incorpor-

ated ainto the system, and of how valuable a given journal 1s to EPIC,
It aisu helps to control a journal title, particularly those which have
frequently changed,

A tast "routinie which should be discussed is the preparation of
a data sheet, A Technical lllustrator ie employed full time in EPIC to
ecither accomplish the art work or to coordinate it through Hughes Axt
Services, Upon receiving instructions and information to compose a
data sheet 1t i3 checked to see that all propertics are in alphabetical
arder. The iata processing code card may be uscd as a guide for any
property name not appearing on the code card and shouid not be presented

in the data shee!.
té




At this point, the article is returned to the member of the tech-
vteal staff who makes a further appraisal of its relevancy to the system.
It the article is worthy of retentivun, it is indexed and abstracted on an
appropriate form (Figure ?), The indexing system and the indexing
vocabutary are discussed elsewhere in this report and will not be dis-
cussed in this section,

After the article is index-:d and abstracted, it is routed to the
member of the technical staff who controls the indexing vocabulary. He
determines whether the materials terms are already in the indexing
vocabulary either as a primary term or a “'cross-reference' term and
mnakes appropriate changes., Then 2 final duplicate check is made.

At the time the bibliographic entry was being typed on the index-
abstract (torm) a carbon copy was typed on a 5'' x 8" card. This card
merves two purposes: it becomes the "in-process ' file while the article
ts undergoing various’steps in being processea and it is used as the ori-
ginal form from which two additional cards are made. These two cards
are, the Author card and Journal card. Both cards are essential to the
smooth functioning of the system. The Author file is, s the name
indicates, an alphabetical listing of all personal and corporate authors
who have written or published material that has been included in the
system. A special mention should be made about the Journal File. It
has demonstrated itself to be extremely valuable as 2 '"control file. "
it provides a quick method of checking for duplicates. It provides a
quick, visual exhibit of how thoroughly a given journal, e.g., Physical
Review or Journa' of Applied Fhysics, has been searched and incorpor-

ated into the systern, and of how valuable a given journal is to EPIC,
It also helps to control a journal title, particularly those which have
frequen:ly changed.

A last "routi~~"" which should be discussed is the preparation of
a data shcet. A Technical Illustrator is employed full time in EPIC to
cither accomplist: the art work or to coordinate it through Hughes Art
Services, Upon receiving instructions and information to compose a
rata sheet it is checked to see thag all properties are in alphabetical
order. The data processing code card may be used as a guide for any

property name not appearing on the code card and should not be presented

in the data sheet.
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Before any final work begins on the data sheet, all graphs, dia-
grams and charts being presented are ordered. The Technical Illustrator
must determine if Xerox copies can be used, whether photostats must be
ordered, art services work is needed, or if plotting is to be done by the
illustrator.

The author has noted the graphs in order of appearance under
each property throughout the data sheet, and must be kept in this order
at all times. As each graph is ordered, in any of the tour ways stated
above, they must be labeled by the accession number of the article and
property name.

Photostats may be needed for a clearer reproduction, enlarging
or reducing the graph. When ordering the photostats the original sources
of the article is checked out of the library and sent to the Photographic
Laboratory. This may involve 10 to {5 journals and 20 to 25 graphs at
each time. Each graph, when returned from th. photo lab is numbered
and placed in proper sequence. Should art services work be required
for a single curve or a large number of graphs, an instruction sheet
and anarticle containing the original graph are sent to the Art Services
Group. When these graphs are returned they must be checked very
carefully for any errors in spelling, copy wor. r deletions of curves
ordered. Xerox copies may have to be inked for 4 "etter and darker
reproduction and all spots removed that may have been reproduced on
th~ graph by the Xerox machine.

After all graphs are reccived in final form, paste-up begins.

Fach graph and its accompanying notc is laid out on the page, spacing
graphs, centering note, and citing reference number. The illustrator
must add greek symbols where needed, and standardize all captions for
consistency. Graphs from different articles may have the same captions
but be worded differently and the illustrator must type each caption in a
ennsistent manner, Each graph may have ‘arying sizes of lettering or
numbers on the scalcs; these have to be changed and made the same

size by the illustrator either by leroying or by typing. If the scale is
changed by typ:ag, the g:aph is ughtly drawn on the paste-up page,

‘neasured to size, and typed before pasting. The illustrator must be
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sure there are no duplications of graphs or information in the same
property or that a graph has been placed in the wrong property. Tables
may be cited by the author to be typed within the data sheet, and must
also have a reference number. Where possible, tables are typed before
paste-up begins, so spacing can be determined.

When paste-up is complete, a Xercx copy is made and returned to
the author for corrections, additions or deletions. During the time
paste -up work is being done by the illustrator, new material pertaining
to the material and property may have entered the system which the
author will want to insert into the data sheet before publication. This
may be a matter of adding pages, or it may change the entire layout of
a property or section. Pages will have tc be retyped, pasted and in some
cases graphs will have to be drawn.

When all is complete a list of all reference numbers is made and
the abstract cards pulled from the abstract file. From this list a bib-
liography is typed.

The data sheet abstract, introduction, material identification,
publications and title page are typed after all paste-up is completed.
When the author has checked the data sheet for the last time a table of

contents is typed and pages are numbered, It is then ready for publication,
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INDEXING AND ABSTRACTING

Usually a technical article contains a few central ideas each of
which seems important enough for the author to expand and develop. It
is to sort these that abstracting is done, and to arrange them in quickly
accessible form that indexing is done, Experimental data which an
author reports may be of great interest to a reader but it is useful only
if he can get it readily. Indexing and abstracting are procedures used
to enable one to scan myriads of documents selectively, eliminating
those not useful to his search for information.

EPIC has utilized the skill of scientists and engineers to index
and abstract literature for use by other scientists and eng.neers. No
other way appears authentic. At first, the work was done by interested
groups in several research-type divisions of the company, but as svon
as the early study phases were reasonably complete the EPIC staff of
chemists, physicists, and materials specialists took over.

Analysis of an article or report is both subjective and objective.
Not only the subject matter is important but such factors as the prom-
inence of the author and his agency have a subtle impact. The particular
language it is written in is significant. The quality of reprints suggest
interest attached to the publication. Of most importance tous, however,
is the actual presentation and substantiation of daia for these contribute
most to our ability to compile data sheets and answer technical questions.

A guide sheet for abstractors has been composed and distributed
so that essentials would consistently be sought out and indicated. This
guide has been used as an aid in sorting out bibliographic, source,
reference, and citation facts as well as emphasizing sample preparation
and purity apparatus and conditions, Its primary aim, of course, was
to see that properties data of the material were clearly and consistently
noted.

Our method of storing and retrieving documents offers a way of
obtaining property-material data but does not, as yet, reach into the
ranges covered. Thus, abstracters do not seek out detailed numbers

data but only make certain that articles will be indexed under the 56
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properties on our list, Also, if a paper has 10 gnaphs on electrical
resistivity, the indexer only checks that property once. Similarly, if
energy gap data appears only one time it too is checked once.

Members of the Technical Staff who abstract and index scientific
literature in foreign languages, or foreign languages translated into
English, must watch carefully for local and national idiosyncracies
and preferences. These are reflected in symbols used and choice for
expressing the data parameters. Greek letters and abbreviations
usually convey the same idea but not always. Material names are
colored somewhat by national preference and significantlv .rade names
play a large part. Insulators, alloys, ceramics and other products
are frequently formulated for use with a registered composition and
name,

The words used to convey the sense of a given article may he
called an abstract. That name is used and understood differently by
different services as special emphasis or interests are selected, Our
abstracting technique is to select the author's abstract, select short
phrases from the author's abstract, select phrases from the body of
the article, the summary, or the conclusion, or composing our own if
none of these meet our needs. It is implied and expected that the indexer-
abstracter will have enough understanding of the principles involved to
report upon them. With some of the world's outstanding scientists
available for consultation there are few unresolved problems in theory.

As the abstractor goes through the article he spots electronic
properties exhibited by experimental work. These are checked off in
appropriate columns on the EPIC index-abstract form along with the
material listed. The degree of analysis and care taken governs the
quality and usefulness of the EPIC collection, since failure tc see and
indicate all properties reduces the total system value,

In the course of Abstracting-Indexing we have found it possible to
record work not included in contract objectives but closely related. For
instance, optical data of a specific nature has been listed. Also, citations
by an authr'r often lead to sources in other branches of the sciences such

as Biology or Mechanics or Fabrication on which we have kept notes.
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THE INDEXING SYSTEM

As the program began, several avenues of indexing were open for
consideration, ranging from the general subject heading approach to the
specificity of the unit term approach. At the teginning of the program,
it was decided that a subject heading approach would be too unwieldy,
for it would have to incorporate lengthy headings dealing with multiple
material or property names (i.e., SODIUM PHOSPHIDE - ABSORPTION
DUE TO IRRADIATION), To index to this degree of specificity would
require an over-abundance ‘of subject headings in the system, many of
which would apply to only one or two articles.

For these reasons it was thought desirable to use headings of in-
dividual materials and/or properties. However, to simply do this and
nothing more would make articles dealing with comparative properties
of one material, or one property compared in several materials difficuit
to find. Therefore some kind of matching between these individual ma-
terials and property names had to be possible and the system would have
to be one of ""coordinate indexing."

Having chosen a coordinate indexing system, the question became
one of whether or not to use unit terms (terms consisting of only one
word, either a property or a material)., If unit terms were used then
coordination could take place between cards listing, individually, the
desired material and property. However, there would be certain dis-
advantages to such an approach. For example, under a heading such
as RESISTIVITY there would be hundreds of articles. To post these
articles would probably require several cards. Then when it was
desired to coordmate this property with a material, it would prove
bulky and tedxouo to find the same article listed under both RESISTIVITY
and the material. Also, imagine the number of times a user might take
the trouble to coordinate a material term with a property term only to
find no articles in the system,

To accomplish the specificity required and to eliminate the dis-
advantages of unit terms, a modified coordinate indexing scheme was
chosen. The finalized system consisted of "precoordinated’ descriptora
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of one material or one material and one property (i.e., INDIUM PHOSPHIDE -

ABSORPTION)., Advantages of the system over unit terms include quicker

retrieval since usually only one card with the '""precoordinated' descriptor
has to be consulted. There is also a lower density of posted articles under
any given term., For ¢ :ample, assume that there are 15 articles dealing
with the property ABSORPTION of the material INDIUM PHOSPHIDE, If

each of these articles is listed under both terms, the article (or its acces-

sion number) is posted 30 times. On the other hand, by 'precoordinating"
these terms into one descriptor (INDIUM PHOSPHIDE - ABSORPTION) the

accession number is posted only 15 times. Thus posting and its attendant

clerical errors is reduced by close to 50 percent.
The final index as chosen for the center was a manual modified co-

ordinate index. It consisted of two card files, One, the Accession File,

was arranged by an identifying or accession number assigned to each

document entered into the system. Each card in the Accession File con-

tained the bibliographic entry and property data. A second file, the

Descriptor File, consisted of subject descriptor cards. The accession

number was posted on the appropriate subject descriptor cards. For
example, under a descriptor term such as INDIUM PHOSPHIDE -
ABSORPTION were listed accession numbers of all the pieces of indexed

literature containing data on that subject.

Retrieval on searches involving more than one property at 4 time
was accomplished through matching the accession numbers on the relevant
subject descriptor cards. Numbers found in common on the matched
cards identified literature containing data on the two or more properties
concerned. The same procedure would be followed in retricving literature
on two or more materials,

Figure 3 ie an example of the descriptor cards. They were arranged
within each category alphabetically by material name, and within material
name by property name., The semiconductor alphabet was divided into
elements, inorganic compounds and organic compounds. The insulation
materials alphabet was not subdivided, The accession numbers identify-
ing the pieces of literature were printed in columns under each subject

name by terminal digit for easy matching.
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INDIUM PHOSPHIDE
00 5 662 55 3 435 126 107 158 549
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2520 250h
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= DIELECTRIC CORSTANT
L
! ]
INDITUM rmsx"mx
- Hrrrusion
2340 23N 555 549
Figure 3, Descriptor cards.
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This system was inherently more efficient than the other approaches.
It minimized "false drops, " both nonsignificant coordinations and those
due to clerical errors. At the same time, the degree of specificity was
more than adequate, allowing arbitrary control to suit the purposes of
the program.

Along with the two card system, data processing and reproduction
techniques were established to reproduce easily a few copies for external
distribution, with one copy of both files delivered tn the Air Force Con-
tracting Agency. A third card file, the Extract File, was also established.
This file consisted of extracts of the articles entered in the system to (1)
use in compiling the data, and (2) reproduce for external distribution to
both the Air Force and other agencies and institutions,

As the program advanced, two facts became quite obvious: (1) that
inore than just a few copies for external distribution were desirable, and
(2) the Extract File was not worth the effort. It was taking an average of

four pages to extrac* adequately articles that were averaging seven pages;

also, the data sheet compiler seemed to always prefer using the full

articie,

With these factors in mind, both the data processing system and
the Extract File were reconsidered. A new data processing system was
prepared that gave greater flexibility in printing the output, and the

Descriptor File was replaced by a master tab run of the index (Figure 4).

The Extract File was eliminated entirely, and the Accession File was

replaced by an Abstract File (Figure 5) consisting of a 5 x 8 card con-

taining a full bibliographic entry and an abstract.

A punched paper tape machine was obtaincd to prepare the abstract
cards., To obtain a "perfect'” copy, the entry and abstract have first
been typed upon paper while creating a paper tape. The paper copy is
proofed and the tape corrected and then run back to type the card. As
the run-back occurs, a second paper tape is created with just the bibli-
ographic entry. The two tapes are now stored, with the latter being

used when necessary to prepare and update an Accessions List of EPIC

holdings, an easy way to prepare such a list for publication, The full

tape has now been transferred to magnctic tape and a program prepared
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for printing out from this tape 1n response to biblicgraphic searches.

Further discussiwn about this program is contained in the section on

data processing techniques.
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THE INDEXING VOCABULARY

Historically, one of the major problems of information storage
and retrieval has been the selection of optimum indexing methods. This
presents an especially difficult problem when the fields to be covered
are as interdisciplinary as ours., The literature search, the indexing
terms and the retrieval methods must be effective in many technical
fields. Each has its nwn terminolegy, which may or may not conform
to that of the others. Systems of nomenclature vary widely, sometimes
even within a single discipline suci: as chemistry. An additional com-
plication can be introd:u~ed by the author who may liave his own concept
of the proper name for a material. In the interest of complete and
accurate retrieval, this confusicn ¢! various names for the same ma-
terial must som: how be resolved.

Considerable difficulty his been experienced in delineating those
to be included as indexing terms to the literature, and those to be
included as cross-references. For exa:nple, semiconductor materials
present an array of elements, compounds, mixtures and systems that
have made it extremely difficult to correctly name and categorize the
material at hand. A material composed of the elements Aluminum,
Copper, and Sulfur might be a true compound, an Aluminum Copper
Sulfide, a mixture of Aluminuin Sulfide and Copper Sulfide, or a three-
element system whese phase diagrams will indicate certain areas within
which specific compounds exist.

Decisions have had to be made as to the order of various elements
in a name. For example, would a compound of tin and antimony appear
as antimony stannide (alphabetically) or as tin antimonide (by group in
the periodic table) ?

Other problems have been encountered in binary alloys where
some of these are intermetallic compounds and the atoms occur in
stoichiometric ratios; in doping agents, where an impurity is introduced
-in a definite and controiled amount; and in materials not usually thought
of as semiconduttors or insulators, but which become s0 under certain

conditions.
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The materials list contains six kinds of descriptors. The first
kind is the individual element names. The second kind is the compound
name. The compounds include three different types of descriptors.
First are the elemental compounds, ALUMINUM ANTIMONIDE or
ZINC ARSENIDE, These are named in the usual manner by reference
to the periodic table. The exception to this rule is, of course, in the
borides, carbides, nitrides, oxides, and halides. If compounds of this
first typ; are cited as containing gold, tungsten, germanium or other
such names, the words such as aurides, tungstides, and germanides
are avoided and these compounds are relegated to a system notation
with the component elements in alphabetical order. There are no
elemental compounds listed above the binary ones. Compounds such
as mercury silver selenide are listed as systems (see below).

A second type of compound is an ionic salt. Primarily found in
the ferroelectric materials, a compound of this type is a descriptor
such as POTASSIUM HYDROGEN PHOSPHATE. Even when deuterium
replaces the hydrogen in this salt the above notation is used, since no
differentiation between isotopes is to be found in the list of descriptors,

A last type of compound is an organic material. Found primarily
in the insulators and semiconductors, these descriptors are further
delineated as plastics or laminates, and still further by their fillers
or bases. Examples ot these descriptors are AURAMINE; POLYSTYRENE
LAMINATES, GLASS FABRIC BASE; and POLYSTYRENE PLASTICS,
MINERAL FILLED, In some cases, the more common generic name
is used in place of the specific chemical name. Where possible, nu-
merical notation is avoided. Triglycine sulfate is indexed as GLYCINE
SULFATE, and 7-acenaphthol appears as ACENAPHTIIOL.

The third kind of descriptor is tae sysiem notation, These systerns
may range from two to six compounents and are cither composed of ¢le-
ments, as in the case of MAGNESIUM SELENIUM SILVER SYSTEMS, or
compounds, such as in IRON OXIDE-YTTRIUM OXIDE SYSTEMS. The
components of these descriptors are arranged in alphabetical urder,
not by their order in the periodic table.

A fourth kind of descriptor is the element, compound, or system

placed upon a substrate, as in the case of thermionic emitter cathodes.
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Examples of this type of descriptor are CESIUM, TUNGSTEN OXIDE
BASE, or BARIUM OXIDE-STRONTIUM OXIDE SYSTEMS, TUNGSTEN
BASE.

A fifth kind of descriptor is the strictly generic term, such as
ASBESTOS; GLASS, LEAD BORATE; or PAPER, KRAFT,

A sixth kind of descriptor is the categorical term, such as
BENZENE COMPLEXES or GLASS. This type of descriptor is used
when the author has given significant and pertinent data in his paper,
but has omitted specific notation on the exact nature of the material,

To date, over 12,000 names of materials have been considered
for use in the indexing vocabulary. Of these, approximately 4000 have
now been entered into the primary vocabulary, and in addition, approxi-
mately 4000 others appear in the syndetic apparatus as ''see-references."

To enable a broader use of our system we have compiled a cross-
reference index of a'ternate names for materials as they have occurred
in the literature we have abstracted. This gives ma~y more points of
entry into the system. Each name is referenced to the particular ma-
terial name used in the "MATERIALS INDEX. "

Briefly described, the supplemental index is comprised of pro-
prietary (trademark registered) names, trade names and types, alloys,
foreign material names, mineral names, and other names commonly
used in identifying a material but which do not indicate its composition.

We maintain this cross-reference index in card file form which
will later (when converted to magnetic tape) allow quick combining and
print-out of all trade names applied to each individual material, Even
in its present brief form it gives a quick and easy guide to composition
(and source) from trade and similar names. The list includes some
names which are no longer current but such "historical" information
can be invaluable to anyone looking for the composition of, and data on,
material mentioned in the older literature,

Some manufacturers in their commercial literature are forward
looking enough to include composition information (even though approxi-
mate) along with electronic property data. This information is entered

directly into the system and the source identified. In other cases we
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must depend on later materials survey articles which correlate com-
pusition ard property data. This is a longer process but it is used
where no other sources of composition information are available.

The MATERIALS CROSS-REFERENCE INDEX now contains aboat
4000 entries and is growing at about the same rate as the MATERIALS
INDEX. New trade names of electronic or magnetic materials are
entered as soon as EPIC can identify their compositions and have data
on them. Examples of materials cross-references are included as
Figure 6,

Similar problems were encountered with the properties. After
corupiling lists of properties, decisions had to be made as to which
were synonyms and near-synonyms, and which wuuld be subsumed under
others. In semiconductors alone, for example, a list of 140 electronic
properties was reduced to 29, with the rest subsumed under these.

The Indexing vocabulary is organized about the nine major cate-
gories of materials. These categories, while not mutually exclusive,
tend to segregate materials by significant properties or characteristics.
Although categorizing the materials can be a useful device to some
users of EPIC, obviously, extremely arbitrary standards had to be
developed. There is no material which is exclusively a metal, or a
semiconductor, or a thermionic emitter. Under various environments
and conditions, materials are observed experimentally, and the effects
can be measured and perhaps explained theoretically. The observed
and measured effects are the properties of the materials. In the
process, one finds that there are ferroelectrics which are semiconductors,
some metals which, at low temperatures, are superconductors, and that
ferrites are a class of insulators having certain magnetic properties.
The indexing method evolved, therefore, has been to ignore individualized
concepts as to the categorization of specific materials and index a publi-
cation as it treats the material.

While most of the terms are quite specific (e.g., CURIE TEMPER-
ATURE, EFFECTIVE MASS, HALL COEFFICIENT, POWER FACTOR),
there are many other terms which are really groupings or rather gen-
eralized terms (e.g., ELECTROACOUSTIC PROPERTIES, MAGNETIC
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SEL: CELLULOSE PROPIONATE PLASTICS

Acewie Rope Paper
SER: PAPER, ROPE

Acetylaled Puper
SLE: PAPLA, ACETYLATED

Acraem Glyco Products Co
SEE: WAXES, STEARIN AND FATTY ACWD

Acrylafi) MaerQll, e
SEE: POLYSTYRENE -ACRYLONITRILE CCPOLYMER PLASTICS

Acrylate Plastics
SEE: ACRYLIC PLASTICS

Acrylic Copelymers
SEE: ACRYLIC PLASTICS

Acryluc Esere
SEE: ACRYLUC PLASTICS

Acrylic Pider
SEE: ACAYLONITRILE FIBER

Acryuc Resine
SEX: ACARY LIC PLASTICS

Acrylic Rubber
SEX: RUBBER, ACRYLIC SSTER-ACRY LONITRILE

COPOLYMENS

Acrylunitrile -Buladiene Rider
SAE: RUBBER, NITRILE -BUTADIENE

Acrylonitrile-Puiystyrens Copolymers
SEE: POLYSTYRENE -ACRY LONITRILE COPOLYMEAS

Aciyonitriie Mubber
SEC' RUBBER, NITRILE-BUTAIMENE

Acrylite American Cysnamid Cnrp
SEE: ACRYLIC PLASTICS

Acrylon Rubber, BA-12. EA-12, snd TA-S The Borden Co.
SZL: RUBBER, ACRY LIC ESTER-ACRYLONITRILE

Acrywea Wentlane Piasuics Ov
SEE: ACRY LIC PLASTICS

AD-94¢ Coere Parcelain Co
SFE: ALUMINUM ¢ XIDE

AD?P Ammondum Dihydrogen N aghate
SEE: AMMONTUNM KYDROGEN PUCAPEATE

Adigrene L Butber R.1 o Pom O
SEE: AUBSEIR, URETRANE

Al- 208 Aluening Conre Porcelaia Co
SEE: ALUMDIUM OXIDE

A-L 18 MI0OMO- 330 Alleghony Ludlum Boel Corp
SZE: COBALY LAON MOLY SDENUM MCKEL SYSTEMS

AL~ Alumina Western (oM and Plotinem Werte
SEE: ALUMINUM OXIDE

AL-400 Adumine Weotare Ot and Platisnm Werte
SEE: ALUMINUM OXIDE

AL-993 Aleming Westers Oois and Platioum Worke
SEE: ALUMINUM OXIDE

AL-1008 Almnina Weotern Oo it and Platinum Works
SEK: ALUMINUM OXIDE

Aberes A-841 Adumina Aiberes Corp
SECE: ALUMINUM OXIDE

Alcomas Pocmanent Magast Asssciation (England)
SEX: ALUMINUM COBALT (LADN MICKEL SYSTEMS

Alkoman Permanest Mognet Associstion | Bngland)
SE7: ALUMINU M COBALT COPPER ITRON MCKEL SYSTEMS

Alcomaz 01 Permanent Moghet Asesciation (England)
SEL: ALUMINUM QOBALY COPPER LRON MICKEL NMIOSIUM SYSTEMS

Alcoman IV Pormarent Magnet Assoctation (England)
SEE: ALUMINUM OOSALY COPPER LRON NICKEL MIOBIUM SYSTEMS

Aler Jasan
SEE: ALUMINUM IRON SYSTEMS

Alfras 81-%
SKEEL: ALUMINUM OXTDE

Alte A-212 Alumning U § Sonesare Co -Alile iy
SEL: ALUMINLA ORIDT

Al A-216 Amuna U $ Soreware Co -Alte Div
SEL: ALUMINUM OXIDE

Alali-(Lred Glass
SEE: GLASS, LEAD ALKAUI ILICATE

ABali-Sucate Glass
SEE: GLASS, 0DA LIME MUCA

ARathene Plastics Imperial Chemnical Industries, A6
SEK: POLYETHYLENE PLASTICS, CHLORINATED

ARyd-Vinyl Varnish
SEX: VARNISHMES, SOLVENTLESS

Allegheny Armature AlSI M-4) Alleghery Ludium Boct Corp
SEE: IRON

Allegheny Dynamy Special AISt M-312 Allegheny Ludium Bsel Corp
SEL: IRON SILICON SYSTEMS

Allegheny Dynamo AISI M-27 Allogheny Ludiemn Sieel Corp
SEE: LRON SILICON SYSTEMS

Allogheny Tleciric AIS M-34 Allegheny Ludium Steel Corp
SEL: IRON HLIOON SYITEMS

Alleghany K eciric Metal-41%0 Allcgheny tudbum Bcel Corp
SEE: IRON NICKEL SYSTRMS

Allegheny Moy fron Allegheny Ludiem Seel Curp
SEL: IAON MOLYBOENUM SYSTEMS

Allegheny Transhirmer-A Alleghony Ladlum Sicel Curp
SEE: IRON LICHN SYSTEMS

Allegheny Transhormcr-C Aliegheny Ludiyon Bcel Corp.
SEL: LARON S11I00N SYSTEMS

Alicy 349
SEE: ALUMINUM IRON NICKEL SYSTEMS

Allay 426
SEL: ALUMINUM OOBALT [RON NICKEL TITANIUM SYSTEMS

Figure 6. Materials cross-references.



HYSTERESIS, PHOTOELECTRONIC PROPERTIES, THERMIONIC

PROPERTIES).

Thus, a person searching for values for the figure of

merit of a particular material would look under thermoelectric properties,

The reasons for this are several.

Probably the most important is that

the Index serves EPIC as a basis for gathering related data together to

edit and compile into data sheets on a specific material.

A complete cross-reference list from over 400 secondary property

terms to the 56 property terms used in the primary vocabulary has been

compiled. A page from this list is included as Figure 7,

descriptors are as follows:

GENERAL

ABSORPTION

ARC RESISTANCE

CARRIER DIFFUSION

CORONA EFFECTS

CROSS SECTIONS

CURIE CONSTANT

CURIE TEMPERATURE

DEBYE TEMPERATURE
DIELECTRIC CONSTANT
DIELECTRIC STRENGTH
DISSIPATION FACTOR

DOMAIN STRUCTURE
EFFECTIVE MASS
ELECTRICAL CONDUCTIVITY
ELECTRICAL HYSTERESIS
ELECTRICAL RESISTIVITY
ELECTROACOUSTIC PROPERTIES
ELECTROMECHANICAL PROP.
ELECTRON FIELD EMISSION
ELECTRON PHOTOEMISSION
ELECTRON SECONDARY EMISS.
E!LLECTRON THERMIONIC EMISS.
ELECTRONIC SPECIFIC HEAT
ENERGY BANDS

ENERGY GAP

ENERGY LEVELS
GYROMAGNETIC PROPERTIES

A brief review of our property indexing philosophy follows,

The 56 property

HALL COEFFICIENT

INSULATION RESISTANCE
IRRADIATION PROPERTIES
LIFETIME

LOSS FACTOR

MAGNETIC HYSTERESIS
MAGNETIC SUSCEPTIBILITY
MAGNETOELECTRIC PROPERTIES
MAGNETOMECHANICAL PROP,
MOBILITY

PENETRATION DEPTH
PHOTOELECTRONIC PROPERTIES
PHOTON ELECTROLUMINESCENCE
PHOTON EMISSIVITY

PHOTON LUMINESCENCE
PHOTON MECH. LUMINESC} NCE
PHOTON THERMOLUMINESCENCE
PIEZOELECTRIC PROPERTIES
POWER FACTOR

REFLECTION COEFFICIENT
REFRACTIVE INDEX
RICHARDSON'S CONSTANT
SUPERCOND. TRANS, TEMP,
THERMAL CONDUCTIVITY
THERMOELECTRIC PROPERTIES
THERMOMAGNETIC PROPERTIES
THRESHOLD FIELD

WORK FUNCTION

It is

suggested that technical reviewers also interested in solid-state physics

examine the glossary mentioned above.
The study of solid-state physics involves a many-body problem.
What happens when some 1083 atoms/cubic centimeter are brought together
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Conductivity, electrial
Sse ELECTRICAL CONDUCTIVITY

Conductivity mobility
See MOBILITY

Corbino effect
Ses HALL COLFFICIENT

Coruna discharge
228 CORONA EFFECTS

CORONA EFFECTS
Breakdown field
Corona discharge
Corona onset lield
Corona point voltage
Corona resistance
Corona starting gradient
Ciitical voltage geadient (corona)
Onset potential
Townserd's jonization coefficients

Corona point voltage
See CORONA EFFECTS

Cosona onset field

$¢t CORONA EFFECTS

Corona resistance
Se¢ CORONA LFFECTS

Corona starting gradient
See CORONA EFFECTS

Cosine §
See POWER FACTOR

Cotangent @
See DISSIPATION FACTOR

Coupling coefficients
See PIEZOELECTRIC PROPLRTIES

Critical electric field
See ELECTPICAL HYSTERESLIS

Critical field
See THRESHOLD FIELD

Critical frequency
See PENETRATION DEPTH

Critical temperature

See SUPERCONDUCTIVE TRANSITION TEMPERA-.

TURE

Critical voltage gradient {corons)
See CORONA EFFECTS

CROSS SECTIONS
Capture croes sections
Collison cros
Equivalent croes sections
Impurity cross sections
Partial scattering croes sections
Recombination cross sections
Scattering croes sections
Total scattering cross sections

CURLE CONSTANT
Curie-Wetss law
Waiss field constant

Curie point
S¢4 CURIE TEMPERATURE

CURIE TEMPERATURE
Antiferromagnetic Curie point
Curie point
Nedl tempersture

Curie-Weise law
See CURIL CONSTANT
MAGNETIC SUSCEPTIBILITY
Current-wavelength characteristiz
See ELECTRON PHOTOXMISSION

Figure 7.

Cyclotron {requancy
e Cyclotron resonance®
ZFFECTIVE MASS

Cyclotron mase
Ses Cyclotron resonance*
EFFECTIVE MASS

Cyclotron resonance®
Ses EFFECTIVE MASS

Dark conductivity
Ses PHOTOELLECTRONIC PROPERTIES

Debye frequency
Sa¢ DEBYE TEMPERATURE

DPEBYE TEMPERATURE
Lebye {requency
attice specific haat
Specific haat

Decay time
See PHOTON LUMINESCENCE

Degenerate levels
3gs ENERGY LEVELS

de Haas - van Alpha« effect®
Sgs MAGNETIC SUSCEPTIBILITY

Demagnetizatica curve
S¢¢ MAGNETIC HYSTERESIS

Demagnetization energy

See MAGNETOMECHANICAL PROPERTILS

Demagnetizing coefflicients

See MAGNETOMECHANICAL PROPERTIES

Dembar effect®
See PHOTOELECTRONIC PROPERTIES

Dember potential
3¢9 Demher effecte
PHOTOELECTRONIC PROPERTIES

Destriau effect
S2¢ PHOTON ELECTROLUMINESCENCE

Diamagnetic susceptidility
See MAGNETIC SUSCEPTIBILITY

Diamagnetism
S2s8 MAGNETIC SUSCEPTIBILITY

Dielectric breakdown vollage
See DIELECTRIC STRENGTH

DIELECTRIC CONSTANT
Absolute dislectric constant
Complex dielectric conetant
Dielectric relaxation time
Permittivity
Relative capacitance
Relative dielectric constant
Relative permittivity
S.1.C. (Specific inductive capacity)
Specific inductive capacity (S.1.C.,

Dielectric dissipation factor
See DISSIPATION FACTOR

Dielectric hysteresis loop
See ELECTRIC HYSTERESIS

Dielectric loss angle
See DISSIPATION FACTOR

Dielectric loss factor
See LOSS FACTOR

Dielectric lose tangent
Ses DISSIPATION FACTOR

Dielectric pc:ﬂtr {actor
See POWER FACTOR

Properties cross-references.



to make a crystal ? This has ~ertain important consequences. For
instance, it mcans that exact solutions cannot be expected, but rather
that approxirnate models must be continually developed to fit the situ-
ation at hand. Thus, in making a theory it is essential to be aware of
the experimental work in the phenomenon under cunsideration and
vice versa.

In solid-state physics the particles are known and the forces be-
tween them are known, but all of human intelligence and insight are
needed to understand the consequences of this interaction, Much of
solid-state physics is interpreted in terms of certain elementary
excitations, which react only weakly with one another. The important
consideration about these excitations is that they are considered to
have a finite lifetime.

In thermal equilibrium, the excitation may be characterized by

a distribution function

the plus sign applies if the excitation obeys Fermi-Dirac statistics the
minus sign for Bosc-Einstein statistics. fp(T) gives the probability of
finding an excitation of momentum p, energy E, at the temperature T.

The basic Hamiltonian which describes a solid is of the form

H = Hion * Helectron * Helectron--ion (2)

where Hion describes a collection of ions (of a single species) which
interact through a potential which depends only on the distance between
the ions. By ion is meant the nucleus plus the closed-shell, or core,
electrons, that is, those electrons which are essentially unchanged

when the atoms are brought together tv make a solid, H describes

electron
the valence electrons (the electrons outside the last clused shell), which
are assumed to interact via a Coulomb interaction. Finally, H .

electron-ion
describes the interaction between the electrons and the ions which is again

assumed to be represented by a suitably chosen potential.
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Equation (2) implies certain approximation in this treatment of a
solid. For example, the interaction between ions is not well-represented
when the coupling between closed-shell electrons on different ions begins
to play an important role. The potential which represents the electron-
ion interaction neglects the fact that the ions possess a structure (the
core electrons). Also, where the Pauli principle plays an important
| role in the interaction between the valence electrons and the core elec-
| trons, that interaction may fo longer be represented by a simple
Lf potential. In spite of all these approximations, however, the theory
seems to fit experiments surprisingly well,

In general, only selected parts: of the Hamiltonian (Equation 2) are
studied. For example, the bond theory of solids is bas2d on a model in
which the equilibrium positions of the ions are regarded as fixed and the
electrons are represented by a periodic (Hartree) potential. What are

studied are the motion of a single electron in the periodic field of the

ions and the Hartree potential, and the assignment of one electron

, state taking the Pauli principle into account. In this way other than the
' Hartree potential uf the interaction between electrons is neglected. If
the interaction between electrons in metals is of interest, it is useful

to consider only H y replacing the effect of the ion cores by

electron
a uniform distribution of positive charge. In this way, the role that

electron interaction plays can be approximated without having present

the additional complications introduced by the periodic ion potential.

Of course, it is desirable finally to keep both the periodic ion potential
and the electron interactions, and to include as well the effects asso-
ciated with the departure of the ions from the equilibrium positions,
since only in this way doues one arrive at a generally adequate description
of a solid.

The motions of a crystal lattice, in which each atom vibrates about
an equilibrium point, may be resolved into normal modes, each mode
generaily representing a wave moving through the lattice. The system,
from this sténdpoint, is simply a collection of harmonic oscillations,
with one oscillator for each of the lattice waves, If the quantum com-

mutation rules are imposed on the momenta, the harmonic-oscillator
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energy spectrum is obtained., These elementary units of lattice excitation
are called phonons. They represent perhaps the simplest elementary
excitation in a solid.

In the expansion of the ion Hamiltonian a description of completely
independent phonons is obtained by keeping only the terms which are
quadratic in the displacement of the ions from their equilibrium position.
However, if the third-order or anharmonic terms in the expansion of

the potential energy are included, the phonon-phonon interaction is

obtained. This interaction gives rise to a scattering between phonons
of different wave vectors which acts to limit the lifetime of a given
phonon; it also acts to shift the phonon energy.

Despite the phonon-phonon and phonon electron interactions, both
long-wavelength and short-wavelength phonons turn out to be well-defined
excitations up to the melting point of a solid.

The electron-phonon interaction influences the properties of the
quasi-particles in solids. In some metals that influence can be profound,
since it gives rise to the phenomenon of superconductivity. In the BCS
theory, it is shown that superconductivity can arise in metals as a
consequence of an attractive phonon-induced, electron-electron inter-
action, For normal metals, the electro' phonon iuteraction acts to
change the quasi-particle energy and the specific heat, It also provides
a quasi-particle damping mechanism and acts to limit the conductivity
of metals at all temperatures.

There are other elementary excitations which are encountered in
solids, For example, in insulating crystals, an electron in the con-
duction band is strongly coupled to the optical mode of the lattice vibra-
tions. As a result, when tne electron moves, it is accompanied by a
co-moving cloud of phonons, which may act to change its ma:s appreciably.
The resultant quasi-particle is known as a polaron,

In insulators, or in certain semiconductors, in consequence of the
electron-electron interaction, there may exist well-defined elementary
excitations within the energy gap which scparutes the valence-electron
band from the conduction-electron band. The excitations are known ae

excitons: They correspond to a bound electron-hole pair state, The
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energy of an exciton lies within the gap or a conscquence i the attractive
Coulomb interaction between an electron excited from the valence band
and the hole it has left behind there.

In a ferromagnet, the low-lying excitations correapond to vecilla-
tions in the electron-spin-density fluctuations, and are known aws spin
waves. The quantized spin waves are called magnuns,

The spectrum of elementary excitations in a solid 1a mmeasurced
directly by means of various kinds of external probes, The ideal
external probe is one which is only very weakly coupled to the nolid,
so that the system response can be experienced in terms of the prup-
erties of the excitations in the absence of the probe. The great strides
which have been made in the purification of solids have enabled the |
experimentalist to use more and more sophisticated external probes,
often involving a combination of both stalic and time-aependent magnetic
and electric fields. A high degree of purity is required because even
very small amounts of 'impurity may tend to mask the subtle resonance
effects under investigation, One of the major consequences of the de-
velopment of better probes and "better' solids is the vastly improved
and by now quite detailed knowledge of the Fermi surface of a number
of metals,

The ""Prouperties' which are observed are simply the interactions
of the "Particles' of the solid with the external probes of "Particles"
and fields of several kinds, The ""probe' may also be affected by
several environmental parameters. What are recorded as "experimental
data' are numerical values describing magnitudes, etc,, of these various
interactions which have been suitably separated from each othe:. Some-
times the Ham’ltonian of a physical situation is only partially separable.
This is interpreted as the Hamiltonian splitting into a sum of independent
Hamiltonians plus some coupling.terms. If these coupling terms are
small, then the ''particles'" are regarded as "interacting.'" If the coupling
terms are large, the '"'particles' are regarded as being ''strongly-coupled.”
Sometimes a Hamiltonian can be '"decoupled’’ by dividing it into sums of
functions involving independent variables in a different way. The question

as to what is and what is not a ''particle" is, therefore, dependent to a
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large extent on its formulation. The modern viewpoint on solids, described
briefly above, has been derived largely from a better understanding of how
best to split up the Hamiltonian and thereby define the "particles."

In preparing a list of "property" terms suitable for indexing the
various interactions found in the area called solid-state physics, and in
particular those interactions which have come to be known as being de-
scriptive of ""electronic' or ''‘electrical' properties, a good understanding
of the elementary "particles' or excitations is highly to b¢ recommended.
This basic understanding is essential in the preparation of property terms
encompassing specific interactions or broader classes of kinds or groups
ot related interactions, It is also most useful in delineating the relation-
ships between the two,

Besides particles,‘ﬁdefects in the lattice structure of crystals may
act to limit the lifetime of "particles' or they may act to bind particles.

" remains in some given

By lifetime is meant the time the "particle
energy state befure being scattered into energy state,

Experiments provide the only direct demonstration of the reality
of the elem»ntary excitations of solids. Some of the physical phenomeuna
which prouvide evidence for the existence of ''particles' in solids are
ciectromagnetic waves (uscd in light absorption, magnetic resonances),
neutron scattering, electron beams, transport (charge, heat) properties,
and acoustic ausorption.

Light absorption is characterized by electron-photon and phonon-
photon interactions. The photons of any given energy can only be ab-
sorbed if the solid has an energy transition of the correct size available.
Absorption in a range appropriate for quasielectrons gives evidence for
the existence of quasielectrons., This is especially true since quaatum
electrodynamics tells that electrons can emit and absorb light by
changing their energy. In the system set up here some of these light
absorption mech:risms are indexed under terms appropriate to the
mechanism or to the quantity being measured by the merhanism, e.g.,
absorption, energy gap, energy levelg, photoeléctronic properties, etc.

Transport properfies of solids deals with the capacity of solids to
transport or conduct heat and charge. These properties are due almost

entirely to the vibrations of the crystal lattice, and the motion of electrons
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through the crystal, together with the strong interactions between these
two types of excitation, In a perfect metal lattice, the impediment to an
electric current is due to electron-phonon interactions. The property

known as electrical resistance is a measure of the nature and magnitude

of these interactions.

In a magnetic field the transport properties of a solid are consider-
ably altered. The phenumena of galvaromagnetism and therimomagnetism
are important because of the insight they give on the electronic structure
of solids. The introduction of the extra field vector resolves the de-
generacy of a conductivity tensor with cubic symmetry. Some of the
effects produce the change in the electrical resistance of a metal called
magnetoresistance; a great variety of thermomagnetic phenomena is
due to the bending of electron trajectories about the magnetic field lines;

a number of effects in magnetic fields is so strong that an electron is

able to make only several orbits about the lines of the field before being
scattered; and other effects involve quantization of the electron orbits,

S.:me of these "properties’ are known and indexed within the present

FPPIC system as HALL COEFFICIENT, MAGNETOELECTRIC PROPERTIES,
THERMOELKCTRIC PROPERTIES, ELECTRICAL CONDUCTIVITY, etc.

An endcavor has been made during the periods covered by the EPIC
cuntract(s) to preparc and define property terms based on an understanding
u{ the elementary excitations involved and to build a system capable of
courdinating and relating the physical pheaomena identified as "properties, "
In addition, the system must be adaptable to incorporating new develop-
ments and interactions as they may arise., Two such developments of
current interest, for example, are the possibility of energy storage in
dielectrics by umplanting or injecting clectrons by irradiation with high
eneryy clectron beams. This produces a negative space charge layer
inside the slab of matlerial provided the thickness of the sample exceeds
the mean free path of the clectruns. Because of the extremely slow
cselaxation tune of the trapped electrons, the dielectric may reman
clectrified tor lung periods ot time, In this process there 1s a cun-
version of the ancident Kinetic energy of the electrons to electrostatic

enerypy storea between the internal trapued clectrons and the corresponding
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su: ‘ace layer of positive charge. Recently, a way has been investigated
to discharge the irradiated dielectric so that the trapped charge passes
efficiently to a useful load.

Another interesting development has been the possibility of de-
veloping superconducting polymers, with superconducting transition
temperatures in the region of room temperature. These and other
developments must be planned for and included within the properties
vocabulary as new developments occur in research involving "electronic
properties'' and interactions of materials. EPIC staff has, as one of
iis most important functions, this obligation to be aware of new develop-
ments and to incorporate the advances into the property (and material)

nomenclature of the EPIC system.

44

X5




EPIC DATA PROCESSING SYSTEM
AND CAPABILITIES

A particularly good example of llughes capabilities in the field of
the specialized information center is the EPIC data processing system.
The original RFP, which established the Center 1n 1961, did not call
for "machine techniques." However, Hughes proposed a punched card
system for generating the descriptor cards. This system, already
well established in the Company Technical Document Center, had been
shown to reduce the cost in posting accessicn numbers on descriptor
cards by 17 percent. A by-product in EPIC was the immediate building
of machine codes for the indexing vocabulary. As more sophisticated
data processing techniques came to be considered, it was never neces-
sary to build such codes. They were already in the system to be used
for experimentation.

The original system used IBM équipment including sorters, col-
lators, reproducers, interpreters, and card printers, with a 1401
doing the actual posting. The punched card file was well established
numbering about 38,000 cards the first year (Figures 8 and 9) with each
properly punched either as a master (material or material and properf);)
or a detail (accession number - article) card. Quick visual distinction
between these two could be made through the blue-lined top and clipped
upper-left-hand corner for the master cards and plain, clipped upper-

right-hand corner for the detail cards. Machine distinction was made

through a punch on the masters in the X80 position (80th column above’ <

the zero),

The master card was to provid. for the printout of the descriptor
on the descriptor card. The detail cards represented the article in that
the accession number of the article was punched on the card. For each
descriptor card there was a punched master card. However, for each
article there were several detail cards, une for each descriptor behind
each of the appropriate master cards punched for the associated

descriptor, _

-
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Figure 8. Master punched cards.
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Figure 9. Detail punched cards.
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The card deck for each of the major categories of materials
(semiconductors, ii sulators, etc.) was filed separately and coded
under that tategory. Master cards were coded at the left of the card
for the printing of the material or property in the upper left-hand cor-
ner. They were also coded in columns 69 to 75 for the material and
property, the material occupying 69 to 73 and the property 74 and 75,
Thus, INSULATION MATERIALS, which was arbitrarily assigned the

code number 03005, showed this number in colurmans 69 to 73 and showed

00 in 74 and 75 denoting no property. The number 0300500 was also
printed above for visual use. Note that the first 0 was not printed but
was punched in column 69. The property was coded in 74 and 75.
INSULATION MATERIALS - ARC RESISTANCE was 0300503, CORONA
EFFECTS 0300506, and so on through the properties for INSULATION
MATERIALS,

The materials under the general category of INSULATION MATE-
RIALS were coded in columns 71 and 72. While INSULATION MATE-
RIALS was 03005, ACETAL PLASTICS becomes 3025. ACETAL
PLASTIC - ARC RESISTANCE was 302503,

Continuing on through the deck all master cards continued to be

coded in alphabetical fashion. This was to assure that all printouts
(descriptor cards, master tab runs of materials, etc. ) will be alpha-
betically arranged. Note that there was generous space allowed be-
tween the numbers assigned the properties and materials. For example,
ARC RESISTANCE was 03, CORONA EFFECTS was 06 instead of 04,

This space was to allow the addition of future materials and i)royerties

in alphabetical order without having to reassign any numbers,

The detail or article cards appeared in the deck behind the appli-
cable master card. Co umns 69 to 75 repeated the material and prop-
erty. Columns 76 to 80 showed the accession number of the indexed
articie and columns 66 to 68 showed the horizontal line number to be
printed on the descriptor card. While the terminal digit of the acces-
sion number indicated in which column on the descriptor card the num-
ber will appear, the line number determined its position (e. g., row

within the column). Again note that zeros preceding the first digit do
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not appear printed on the tab card but are punclgd in. The total code
appearing on a detail card would appear like this: 001030250301172:
001 - line number, 03025 - material, 03 - property, 01172 - accession
number of the article.

The monthly updating program for the descriptor cards went as
follows (see Figure 10). New master cards (2) were punched and sorted
into order and then merged and sequenced (3) with the existing file (1).
New detail cards (4) were also punched (except for columns 66 to 68)
and sorted into order. These two files were then matched against each
other (5) in columns 69 to 75 (materials and properties) and sorted into
four groups. By the matching process with the new detail cards, the
merged main file and new master cards were separated into those areas
{(master card plus associated detail cards) which do not require updating
(6) and those areas to be updated (7). The new detail cards from block
(4)were continuedinto block (8) except for those revealed by the match-
ing process to have no masters in the file. These were sorted out (9)
and discarded as errors or held until masters were made. The cards
of (7) and (8) were then merged and sequenced into one file (10). Those
cards from (7) were already in qrd;r by material, accession numbers,
property, accession numbers, and so on. The detail cards from (8)
were also in this order but without masters., Note that as the detail
cards were filed behind the master they were filed first Ly the terminal
digit, then by the rest of the number. Note alsc that, since accession
numbers were being assigned by numerical order to the articles as they
enter the indexing system, any new detail card would automatically file
at the end of tl;\ule cards with the same terininal digit because the rest
of the accessiuon nummbers to be posted in that descriptor card column
would be lower (i. e., the articles have previously entered the system),
This simplified the next step (11) on the IBM 1401 where the vertical
line number in that column on the des  riptor card was automatically
punched in and printed on the tab c:rd in columns 66 to 68. For ex-
ample, if that particu'ar master card already had two subordinate de-
tail cards with accession numbere ending in {, the associated descriptor
card would have two accessiosi numbers in column 1. The detail card

@
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Figure 10. Punched card program for posting descriptor cards.
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for the first accession number would show a line number (columns 66
to 68) of 001, the second 002, and the updating card would automatically
be filed behind these two and then be punched by the IBM 1401 as 003
for the lire number.

However, the detail cards filed after the masters were still not
in the correct order to print the descriptor cards, since the 1401 would
not print column | and then column 2 and on across, but rather would
print the first line of accession numbers across all columns at once,
then go to the second line, and on down the card. Each set of detail
cards after each master had to be resorted to an order first by the line
number and then by terminal digit of the accession number. This was
accomplished in (12) and the cards were then ready to be taker to the
1401 for printout for the descriptor cards.

The printout (13) was as follows: Each master card represented
a descriptor to be printed at the top of the descriptor card. The descrip-
tor would be a material only (i. e., INDIUM PHOSPHIDE) or a material
and a property in a precoordinated term (i. e., INDIUM PHOSPHIDE -
ABSORPTION). The detail cards behind each master card represented
the articles indexed under that descriptor by accession number. As the
cards were run through the 1401, the master appeared first and the
descriptor was printed at the top of the descriptor card. Then as the
cetail cards appear, the first line of accession numbers were printed
across the descriptor card, then the second line, and on down the card.
After the printout the 5x8 descriptor cards were ready to file since they
were already in alphabetical order. The old cards which needed updating
were pulled out of the descriptor file and the new ones inserted in their
place.

An additional feature of the data processing system was the capa-
bility of the printing lists of materials and/or properties. Since the
properties lists were not lengthy nor subject to frequent change, they
were seldom printed but the monthly procedure of updating the descriptor
cards included printing an up-to-date tab run of all materials 1n the

system.




In order to do this all X80 (master) cards with 00 in the 74 and 7%
columns (no property) were sorted from each of the two files (i. e., the
updating file (15) and the rest of the main file (17)). These were merged
in sequence (19) while the rest of the two files bypassed this step (16 and
17). These cards were then run through a printer to produce a master
tab run of materials (21).

After the tab run of materials, all cards were merged and se-
quenced (22) for a single completed file {23).

There are many advantages to using a data processing s, stem for
updating descriptor cards. Some of these, such as the capability of pro-
ducing tab runs of descriptors, are already implied. However, not only
can tab runs of materials and properties be made, but also useful
counts and comparisons, such as the average number of descriptors per
article or total descriptors in the system, can be easily made. The
accomplishment of such tasks from the manual file would be extremely
cumbersome.

In addition, both clerical cost and clerical error are significantly
reduced. This is particularly true where multiple copies are made and
maintained. Since the punched deck is always maintained up-to-date, it
provides a back-up file for the descriptor card catalog. A new catalog
may be made any time either for an additional set or because of acci-
dental destruction of the first, and at a much lower cost than clerical
copying or reproduction, Yet, while a new catalog or part of an existing
catalog is being run, it is unnecessary to remove any descriptor cards
from the file, as is necessary with manual posting, The descriptor file
is always intact for users of the system.

A by-product of pustiag through data processing is the generation
of large nu.mbers of punched cards individually coded to '"connect' an
accession number with a descriptor term, As it becomes {feasible and
desirable to automate the storage and retrieval of the indexed informa-
tion accumulated in this project, these cards will provide an invaluable
source of input information.

As stated previously, the Descriptur File is no longer used. Al-

though this file and the data processing program just described served
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EPIC well, it was felt that a need existed to publish copies of the index,
Therefore, the descriptor cards were dropped in favor of a standard
tab run at the same time that the magnetic tape replaced the punched
cards.

At the time this occurred, the use of the Center was being as-
sessed with the discovery that approximately 50 percent of the use was
by research scientists. The original program had been slanted toward
applications, with the maintaining of categories of materials. The ap-
plications engineer was interested in a material for a particular appli-
cation, and did not want the results of a search submitted ciuttered
with the use of that material in some other manner. On the other hand,
the research scientist usually wanted everything on a material, regard-
less of application,

With this knowledge, it was decided to build the flexibility into the

new system to sort and printout with or without consideration of categories.

The electronic data processing procedures now used in EPIC are
designed to facilitate the clerical operations of the Center, increase the
Center's ability to answer technical requests and provide the capability
of relating and comparing data in a manner not possible with huraan
abilities. At present, all data processing techniques serve to replace
tasks which could be accomplished manually at a higher cost ard at a
much higher tedium and error rate. The proujected use of these tech-
niques is to continue and improve existing routine tasks and to expand
into other areas of such scope that they defy manual operations. The
existing computer techniques involve two operations, 1) updating, and
2) emending and purging of the descriptor file which provides the indexes.
This file has been in operation since the early days of EPIC and withsn
the past year has been improved markedly.

As stated in the history of the data processing in EPIC, one of the
prime reasons for adopting the use of the computer was the cost factor,
Cost again has been the prime motive for all of the improvements that
have been atfected in this file. The must recent of these impruvements
has been the conversion to magnetic tape form, By the time accession

numbers had reached the 11,600 figure, and the updating became
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'ﬁeccssary, it was evident that the file would contain a.pproxirriately
85,000 individual master and detail records. Processing this many in
card form was virtually prohibitive in beth time and mmoney, and so a
conversion to tape was initiated. Very little savings were realized in
that first tape updating because nf the implementation costs. However,
in the most recent updating, to accession number 13,600, enough time
“nd money were saved to allow the analytical time necessary to yield
an improved form of the index.

The description file contains two types of records, (1) material
master records, and (2) detail records. Property master records that
existed in the earlier file tiave been deleted. Analysis of the program
showed that the amount of cure storage necessary tor the program itselt
left encugh room to retain each of the 56 property names in storage and
to cail them out when needed. This improvement in the program allowed
a reduction in the size of the file and reduced the length of the run time
at that updating by 330 hours.

Even though all 104,009 records are now stored on tape, the input
still remains the punched card. The form that these cards take is iden-
tical to the earlier cards except for the three digit linre number field
which will be explained lat2r. Eachk year the number of accessions
increases and corresponding’y the data processing costs increase.
Recognizing this, data processing funds are tudgeted and subsequent
improvement in the programs reduce operating costs and provide funds
for additional capabilities. Because of these improvements, the data
processing doilar in EPIC today buys the operation cf the exist{ng tiles
as well as the necessary analysis for improved p}ugrams.

The origiral intent in going to EDP techniques was to alleviate the
task of manually posting accession numbers under the precoordinated
material-property index terms. This is still the primary role of the
accessions file, but by using sound techniques and working closely with
the analyst, this file now has capabilities far beyond just being an auto-
mated clerk. The primary purpose of this file is to provide an index to
the accessions file and this it successfully has accomplished. Since the

beginning of the data processing technijues, the format for this index
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has changed very little. The change to tab run fbrm over the earlier
card stock is but one example. A far more significant change is the
nature of the index itself. When only two categories existed, insulators
and semiconductors, the separate printouts for each file gave little
trouble. Only a few of the materials were duplicated in the two files,
but as the other seven categories were added, many more duplications
occurred and the use of nine separate printouts proved to be rather
cumbersome. To correct this situation, all nine ca.tégories have been
sequenced intc a single alphabetical materials index. This enables the
user to go to only one index and determine the articles in the file that
deal with that material and property, regardiess of the category. This
:apability as well as many other advantages of this file will be discussed
in a later section.

A significant difference exists between the updating and the
emending-purging roﬁtix:es, but this difference is found primarily in
the input and only slightly in the machine programs and printouts. The
only indication that the descriptor file has been updated is a listing of
a number larger than the last nurmnber of the previous updating. An ac-
cession number greater than 11,600 posted to any descriptor is evidence
that the most recent updating to 13,600 has been completed. Emending
and purging of the file is not so obvious, since the only way in which
these operations can be detected is a comparison of the most recent
index wiih a previous one. The machine sub-routines which emend or
purge the file have an error listing of these transactions so that an ac-
curate record of them may be retained. In the tollowing discussion,
each operation of the flow chart in Figure 11 and the corresponding text
is numbered.

(1) There are two types of transmittals from EPIC to data proc-
essing, two updating forms and one emending-purging form. The updat-
ing form for detail records is a 4-1/4x {1 card. One of these cards is
used for each material name as listed on the index-abstract fcrm. Dur-
ing this phase of the EPIC routines the material name as listed on the

index-abstract form is placed in the block labeled '"'Cat. Code,' the

.
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were the nine separate category printouts. These were obtained when
the Main File was sorted (18c-21c) by program 21718 intc the following
sequence, first by category column 68, second by material code number
69 to 73 and finally by line number columns 66 to 68. The tape gener-
ated from this sort, 217-020-001 was listed by program 21724 and pro-
duced the nine separate categories.

(18b-21b) At the last updating, to accession number 13,600, it
seemed desirable to printout first alphabetically the material, second-
arily by property and finaily be category. The main fiie was sorted by
program 21720 which produces tape number 217-020-001 which in turn
is listed by program 21726. The same type duplication exists in this
printout as 1n the former one. This type duplication could have been
eliminated, but would have given more rigid data processing techniques.
And so to retain the capabilities of going back to the category type print-
out, the duplication is tolerated, -

One uther capability exists from this file at present, that is the
selection of the 00 pruperty codes and their printout by accession num-
ber urder. This capability was first obtained when {* was necessary to
check the accession file tor missing numbers., This subroutine works
as follows: (17¢) program 21723 selects the 00 proupecties and generai~s
tape 217-023-901, (17d-21d) which 1s sorted vn accession number cul-
umns 7o tu 80U by program 21729 and generates tape 217-029-001, which
is in turn listed by program 21730,

This new data prucessing syitem, cesigned tu printout on master
tab runs instead ot descriptor cards, has great flexibility. It can print-
out: (1) aiphebetically by categury, then inaterial, then pruperty; (2)
alphabeticaliy by material, then category, then property; and (3) alpha-
betically by property, then caiegutry, then material., It alsu can produce
des. riptor runs of materials and or pruperties with ur without category
nutation. It 1s this tlevibility that has allowed the cummercial publica-
tion 1 the 1ndex 1n a unique and highly usable way {Plenum Press,

February 14nd),
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DATA SHEET PREPARATION

Since the beginning ot the program, part of our approach to the
experimental data in the literature has been the compilation of data
sheets {see Figure 12). These compilations have heen issued with pre-
ference given te materials of immediate importance, and after consulta-
tion with "experts' in the field.

After a material is chosen, the first step is to determine with
certainty that the literature on that material has been thoroughly searched
and acquired, One of the methods employed as a check is to examine all
citations appended to articles indexed to determine if these citations are
also dovumented in the system. Some of the early EPIC data sheets
were issued betfore all such citations could be included, in the interest
of compiling what we could as soon as we could. Now, however, the
data sheet compiler must satisfy himself that the EPIC collection of
articles on a material 1s virtually complete before beginning to evaluate
the data for compilation,

The EPIC staff member (or members) who is most knowledgeable
about the material is assigned to prepare the data sheets. All articles
on that material are puiled from the files, the compiler reads through
them, gaining an overall view of the fieid, and then begins the evalua-
tion of the data in the articles tor possible inclusion.

In the meantime, an additional step is taken to heip assure that
the necessary articles are in the collection. All staff members are in-
lormed about the data sheets in preparation. In searching current
Jjournals, all germane materiai is referred at once to the appropriate
staif member tur ummediate evaluation. In this way, data sheets are
kept as current as possible.  In one case, important energy level data
that was pubiished a few weeks atter Silicon was f{inished, was 18sued
as a supplementary sheet for distribution.

In evaluating the data in the articles tor possible inclusion, the
compiier begins by revording each pape~ on a « rk sheet. Review and
secondary articles are so noted and used as additional sources for pri-
mary articies; however, data are compiled only from: primary sources,

except on very rare occasions when the primary source 18 not available.
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'ﬁwc different pkiloscphics have prevailed ih compaling the data.
The iir._it' which has been used in compiling vn semiconductor, super-
condu&br, and thermionic emitter materials, has been to retain as
much &;possible of the data as presented bv the uriginal author.

_ﬁxider this philo<ophy, the rirst step 1s the evaluation of the single
propexf&&s- by one large lay-out of all graphs and information available.

Selectiﬁx:is; then made under the tollowing considerations:

1':. Date: Improvements in techniques and equipment in the past

' 20 years for producing pure single crystals, or those with
controlled doping, suggest that tke choice of papers written
since approximately 1955, are preferable, all other factors

' being equal.

Z". Parameters: Every possible environmental variation u: ex-
perimental conditions is covered. In resistivity data we
search for graphs showing the effect of a variety of dopants,

& full range of temperature and field strength values, film vs
bulk effects, pressure and stress applications and carrier
concentration changes. In optical measurements we include,

" where available, theé entire electromagneiic spectrum. In
vmagnetic phenomena, we search out data showing a variety of

magnetic field effects.

Internal evidence in the paper often indicates fauity or dubious
measurements, unknown sample composition, and many other defects
which reflect on the quality and value of the ¢experimental data. Occa-
sionally; where nothing better is available, such data may be included,
with appropriate comments, showing at ieast some magnitude in the
possible values. A considerable portion of the collected material is
redundant, poorly presented and inexact. Poor quality articles in these
categp.ries are all set aside and the firal selection uf reliable data
sourées.- is. made.

'The graphs are copied photographically; occasionally they may be
enla.rggd or reduced, and then they are arranged on the data sheet form.
Every available piece ot iniormation about the sample and the experiment



1s extracted from the articie and inciuded in the caption of the graph.
The axis legends are standardized with respect to noinenclature (e. y. ,
Peltier or-Seebeck etfects will be given on the urdinate as thermoelec-
tric values, and then more exactly described it the caption). The origi-
nali legend:'units are always retained, but standard units are aiso added.
In the sen:sic.onductor and superconductor data sheets, no changes are
made in the graphs and they are presented unaltered.

Thecarrangement of the graphs generally shows pure single crystal
material £OLlowed by the effect of dopants, with the latter in alphabetic
order. The';y are grouped(by such parameters as temperature, tield,
pressure, etc., bulk and film data, and then such :miscellany as occurs,

In tabular- data, much the same arrangement obtains. At times,
the values:from one reference may be given in a block for simple com-
parison of the variant parameter. Each data entrv shows by its refer-
ence number tke EPIC accession number of the article {rom which it is
evxtracted: These numbers are given with full bibliographic information
at the end:of the data sheets. This list of titles, then, represents.the
experimental literature for a particular material. For this reason, we
spread out our selection uf graphical data to include a wide range of
articles, in order that the latter mav be represented in the bibliography.

The: ir~lusion of certain non-electronic prope rties,‘ such as optical
data, thermal conductivity and magnetic etfects, has been discussed in
the sectionr on THE INDEXING VOCABULARY. but some amplification
~of the peculiar role ot uptical data in the tield oI soiid state physics
should be given.

The data presented in the compiiation of electronic phenomena

may be divided into three classes:

t. Direct measurements ot electrical properties in the classic
sense. These included dielectric measurements, conductivity,
Hall coetficient, magnetoresistance, magnetic susceptibility,
and. the various listed prope rties that may be calculated from
these data, such as imobility.

4 Non-electronic measureménts, on the vther hand, are used to

explain the cnergy states that (nfluence and determine the

B2,



directly measured clectrical properties. Among these .ion-
viectronic properties are optical values, whick include
absorption, transmission, retlection. and retractive index.
{hermoelectric and thermomagenetic data and the various
vrmission and photoelectronic values are impdrtant :n thers-
selves, but also are a tool to handle the thecretical basis ot
sutid state physics.

3. "he basically physical properties ot crvstal structure. These
ractors give rise to magnetic and clectrical apisotropies and

the resuitant piezo ctfects,

1.3 essential 1o the - valuation o: (-xperimcixm data, that the
- ompiler anderstand the significance o the variations :n riata nroduced
as 4 resuit ot differing metbods of measurement. The cariiest cnergy
2ap ~aluvs were generallyv obtained by sptical means, ior undér certain
L enditions, the opticai absorption -dge .5 3 measure ui the cnergy gap.
This whoie bouv of data 15 supplementea by e¢lectricali measurements,
such as tne thermal change :n conductivity and Hall coetfic:ent irom
which the vnergy gap mav also be caicuiated. [hese measurements on
pure uind aoped materials, :acluding data n therreal ¢rmsic pvhotoconduc-
tivith and shotovoltaic nhenomena. :ndicate ‘urther the cnergy ievels of
the opart .n the host band sap. Pressure vr temperature curves lor
clectricai shenomena show changes o 'he band zap itseit, ur. as Ln. the
deturmation notential, shifts o the vaience and conduction “ands. .r~
radiatiun .an aiso act as a ddpant, to hange the -icctronic properties
1a mater:as by altering .ts onergy states.

The upplication i other ranges .t the viectromagnetic spectrum,
sUCH 4s Mmicrowaves, probes still more ceepiv nto the 'ner iransition
it vs o the gtomic structure.  hese new methods represent the intro-.
ultion .nto the experiment o2 ovarie!y o oativences anag cptects trom
the ohictons. cfectrons, and snonons whiol are active o the | rvstal
Sattice nder arious conditions ol temperature ,ing ressulce,

toven “hough ail these iata are - as.d. s -vigent that the variety

nethons Jsed cannot -J,I:‘»(' (dentical :ata ‘or the sane shvsical phe-

wuinmena. Cherelere, oversc calae cnust dalso show the (:ethod by which it

b -



was «btained. When more than une vailue ¢xists. the compiier is re-
uired to present all vaiues that have been iouna uw valid ¢xperiments,
ia wrder that the sciepntist ur engineer mav sort vut the requisite data
tur himmselfl

The importance ot crystai iattice and phase diagram :ntormation
.5 45 unquestioned now as are the cnergy data, :or both the research
scientist and:-the-applications engineer. Magnetic and viectrical aniso-
tropv :s a.direct resuit of crystal structure and :mportant changes in
the Curie point of ferroeiectrics, ierrites and :erromagnetics arise as
4 resulit of’phase changes in the compound stoichiometry. These data.,
therefore, .are- givern in a few introductory paragraphs at the beginning.
ot the data:sheets and the references are appended directiv to the-page.

The- second data commpilation philosophy has been utilized :or-tke
Lnsulator‘*-mate-rials and involves integrating as 'many data points as.
possible from different authors ur sources. This leads to a. spread:in
point values:for-anvy property at a speciiic temperatore, {reguency,
voitage, etc. Snch :nformmation or data presentation :s of great value to
a designer; since rmaterials procured :rom different sources. couid not
possibly possess.a single valued nroperty 1n view ot the use of different
raw 'materials by ditferent manutacturers and .aboratories. The raw
materials ‘generaily ontain diiferent distributtons o: impurity contents
and srain sizes. Further, varied :abrication :netkbods or processes,
liring temperatures and times, and heat treatments. .iiiffer irom supplier-
to suppiier: All these procedures rmay not be uniform trom batch to
natch. Different measuring apparatus ana methods ot rceasurerment
aiso account for-variables .o «iata values. In additton, it :s well known
that «iiferent technic:ans r uperators will reaa «iais and :nstruments
«iifterentty, thus giving a scatter .o -aiues. Recogmzicg that all these

ariavies will exist and .'-nter .nto -aw data. the r;euuL:xnn compiled data.

sbeet must-of necessity .aaicate *he 'vpe and amount .t scatter.

Singie ¢rystai riata. .iteptimes, are sitferent :rom polvcerystalline
‘{ata. secause grain ooungaries ;ave u narked :ntiuepce on some:- prbper--

Jies JARd JAre insgensitive on others,

0



.uoine iadaviduai ZFEC data sbeets, cverv attempt .3 inade g
cegregate qiferencves inomater:ais composition, a crder 12 prevent

e

ixing appiss.with oranges, fo cite ap exarrpie, atumiauly oxude -
viiteh s an :ndexed material --can cover a4 wide ranae o - Remical and
v siceis oroducts. Wheo the complisr cvaluates e sertuent dleratuce
auexed ndes this descripter « cde (nrater:dl. e wies that aiurminum
XIUC  eramnic rmater:dss . an rappe ren: (0 nercent ta ‘U0 nercent ia
nerLldl . ompPosition a. wetl o8 lrem sintersd 10 SINTIE Aang Dolvervye-
arlie s (Rence, e omplicr segregates the Jdata - akues oy pers-
cntage ol AMIDINUT cX1d€.  3nch arrangement ot aiuminum oxige data
WAE ore Sgplicance 10 o clesizper, 48 e (s 'oade aware ot the etfect
!orernicad u.;mposu.mn or the ciecttonic nroperties,  his .y re-.

mpnasiced (nthe senerai discussion n adumnum oxide wiick precedes

‘ne -latd. Che cifect 2 deasitv on the glelectic propertres, where such:

:ara ..re avaziable. .3 aiseo sbowr.

Jreperty values wili vary witk the vpe ol iTreasurement. and. ssch:
elhous wre speciiied (e, 8, . U=« o r a=v) when gixven :a the crraical
.eusce.

S o4oumber ol <aid sneets, nasic:  Jatcrrals .destrricatiun ckarts

iXe .repared :or the .cmniiea pfocductls tQ reidte rmanuitlcturer, trade-.

ete clessgpation ol sroducts. densiiv, sorosity, . cler, rystailinaew,
meIodl Julilv, e TVbe ot 1abric tiun.

As 'Re 2ald cheel  oinpiidtion iCIVILY rogressed, mprovernents

were -Gugnt 4t cvery Lppuriuaiiy,  Chese .minrovements e@ utimately
TClne IepaTALON L o Sfvie fruade, .2 wRick the min.overnents were-
cetaried.  [CRis nas -ubsecuentiy resultea .3 many bepeldls: -tandardiza--

TIU0 DU URLIOTITIILY ol ldid nresentdiisn. s lawer o ost ol datd sheet

rresentdiion,

AR0LoL r vxADnDIe <! CIEZIA -Reel ortpiuaabion ot cmixiag apples and
crapues 3 tBe segregation ! ollutediTio SErongtn sroperey rlata poiots.
S teltode Jeemmelsy oI - onflaurdiisn, Loolfne s oinpilation o swiphur
evdilsuride dietectTic -TTenuln latd. He  wleWilg ocgregation of

-

ranns cae ladtes vds cdce
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:’éhgre-sa,-éz'nere (lwonretzy
sSobere-ia-Pont Geonretry
Sphere-tc-ilaud. ‘icometsy
Sphere-to~iane Grometsy
Bage-ta~Plane Geemeisy
Zape~ta~Rod. Geometsy
rane-iq=F%nr Grometsv
ad=ta=-Koa_Geonretry

Coaxial Cyiinaer Geenrelsy

ieetrrc strencths were siottE@ as IUNCIIONS Ui 338 NICSSVIT

ina -ap spacing:iar-the chove yrocTelilits.

Ry arraagiog the diejecterc seTengtR aatx these sectmns, iU

cestiner . an-readiiy (ina iUie desited. :QtOrrYASDR 15 L SPeCitic apphi-~

atzon. .ind akse commpare .l -vaitikh anotker viectrode-.ontizuratron. if
Lecessary. Efirther; e wowa aise be .muedrateiy JDPraisec 1L dagxs

were ACEINg-fAr-aQy sPECIiic cieciivae seontiIv centiguratwan.

"t rotlowang 13 a_.ist of CARZ iBeet Hudiicatmns csswed tc dzie.

‘a cuditon ta.these, (At spbeets ufe being TEPaAred ol (e fTTADIIOY.
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Cadoriam Teilurnde --Jawg Sheets. Mo Neuberger. Jupe- Y52
.adivor Phosppide --ilata Sheers. . “leuperzer. um 19&d.
adiume Teilurrde --Jutx sheets. . Neuperger. une L 14
Jlagpesiumr Stiicide --Jatd Jheets. L ceupberger. -une 1Yhe.
Suivetaviene ‘crepnthaiaze --.iata Sheets. T Lliek.

June 1962,

Spistetzativeroethviepe Zastois --laa Jheets. ol
sckater. .upe 4.

Foivetrrivurecrivsretavivne Jasts -- ‘utd cheets.  amil
Schater. _.une 'Y&a.

Sine [eiluride --Data Sheees. L Jeuperzer. uae (982,
.adiunt Arsenide - std Sheets. ol veucerger. .aav lYwde
Adurmpuny aatononsde --.Jatk Sheegs. L cecperger:
Jeptember .

Gailium Presoaide --Jata sheets. L Jecberger.

T
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GakBugr Aarcronide --Jatx Sheets. o “eunerzer Jotaoes -
1962,

Lead TRiurrmie ~-Jutx shectas ko Ceuperz-r. Cowaber i
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The indexing systems and files as they now exist, are more than
sufficient for the eiflicient operation of EPIC. Some rccent technical
re-quest have shown areas where a further delireation of the descriptors
would yield a reduction of manual cperations of the file. An exampie of
this is found in the descriptor TITANIUM OXIDE. Clearly, this descrip-
tor does not differentiate betweer. the various types of titanium oxides
and so arn effort is beirg made tu alleviate this problem. With the pres-
ent coding capabilities in the descriptor file, further delineation of the
descriptors is possible where it is warranted. The necessary efforts
to effect these changes wili result in a2 savings of time and money and
make the files even more accessible to the user.

Another type of coding probiem that can easily be solved 1s the
inclusion of the trade names and other cross-references into the index.
The cuding problems with this procedure will be handled in much the
same manner as the indexing procedures listed above. The difference,
however, will te found in the nature of the printouts. These cross-
references will nut always be desirable within the indexes as will the
other- descriptors aiready mentioned. The nature uf the coding of these
descriptors will enable them to be included or treated separately. This
18 just one further step to ensure tlexibility in the Jdata processing rou-
tines in EPIC,

One further impruvement is plaaned for the accessiwons file. As
the file exists today, niaterials descripturs are in alphabetical as well
as numerical sequence. The retentiun of this characteristic has vn
uccasion necessitated a reshuffling of the numbers, vher o new descrip-
tor must {it between twu others a.phabetically, but cannot numericaily.
Within the next year the surt routines will be changed (rum numerical
ia coiumas 69 to 73 to alphabeticai in columins 1 to 64, Because of the
tape {urm of the file, this can be accompilished with little additional
cost. This procedurs will enable a random assignment of the descriptor
numbers, which wiil res it in an immediate savings, off=etting the cost
ui surt rw:hines by ensur: iz that laige banks of descriptor numbers will
never have to be changed a.ain. Another advantage of this type uf de-
scriptor encoding -an be effected in the input form, Tu date, the punched
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card had been the only entry to the file, but with alphabetical sequencing
of the records, the punched paper tape may now become the input.

The last of the projected plans for this file is its use as a source
of addresses to future files which will be described below.

One of the files mentioned above already exists, and is operational.

The file was first generated on paper tape as the abstract cards
were being typed. Non-printable codes were used to separate the bibli-
ography from the abstract and to separate each entry from the others.
This paper tape was then converted to magnetic tape and printed out for
checking. The file at this ti.ne consists of 13,000 entries, with an aver-
age of two 125-chariicter lines for eacu bibliography, and an average of
four of these lines per abstract. Two types of corrections are being
made to this file. First are the errors in the control codes, such as
the éarriage return code and incorrect or omitted non-printable control
cades separating the entries. Second, corrections are being made in
tvpographical and technical errors in both the bibliography and abstract.

The retrieval programs on this file are being checked out now.
Two types of retrievals are possible at this time. First is a printout
of bibliographical entries only, or bibliography and abstracts buth when
a list o1 individual accession numbers are submitted. These entries
are called out of the file and printed in numerical sequence, The sec-
ond type of retrieval calls out the same tvpe of entry, but uset he de-
scriptor file to do it. This is an example of using the descriptor file
to supp!, addresses to the bibliography tile. The requestor sutmits a
mater:al, or a p‘re-cwruimted.materul-pmpgrty descriptor code, and
the accession numbers pusted under this description code are called
out fruin the descriptor index, sorted, and in turn serve to call vut the
entries from the bibliography file. These are also printed out in numci'-
ical seguence. R :

At present, these are the ualy capabilities of this file, but pro-
grams are a-lready being written which will allow this file to be searched
and printed in any of the following orders: (1) Author, (2) Title, {3)
suurnal, (4) Entry within the journal, and (5) Date. This file will be
operational for complete machine search capabilities of all EPIC hold-
ings before the ead of this cuntract year, '
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Further capabilities of this file will include the use of it in certain
clerical routines in the Center to reduce time and error rates. QOne
such routine that may be assigned to machine techriques is the duplica-

!

tion check. A paper tape of the ''selections'" pruduced in the search
operation can be generated, converted to magnetic tape, and matched
against the file printout of the documents which should be reviewed for
acquisition is obtained. Other capabilities of this file may be found in
statistical counts un author, journal, and date correlations between any
or all of these elements in the bibliographical entry will give a very
powerful retrieval tool. The possibilities of this file when coupled with
the descriptor file and the proposed files as listed below will be almost
beyond comprehension.

The first of the projected future files is being established at this
time. It is a file of generic terms. This will consist of a list of mas-
ter terms, such as the master materials list for the descriptor file and
also a list of these generic terms with accession numbers posted t_
them such as the material-property descriptors in the descriptor file.
These terms contain descriptors such as ''thin films,” "epitaxial depo-
sition,'’ etc. At least two uses may be realized from this file, first, as
an address to the biblivgraphy {ile and.or descriptor file, and secund,
as a source of coordination between the descriptor file and other type
of indexing file such as the parameter-ranges {ile described below.

The primary advantage is the greater depth of indexing to the literature
that it provides.

Finally, there is at least une mure new tile in the plannminyg stages,
the parameter-ranges file. The exact furmat and nature of this file is
not clear at this time, and only a {ew oi its purpuses and capabilities
are defined. There will be at least two u,-pesdf indexing termas, first,
the parameter descriptors against which the pruperties in the Zescrip-
tor file are measured, and second, the range of measured values of
either ur both the property and parameter. The pustings :n this file
will be a cuded furm of the actual individual datum or groups of data as
recorded in the article. The pussibilities of this file aimost uutsst.r-ip
the imagination. Immediately thus file would be coordinated with ;t

-




least the descriptor file and probably a zombination vt the descriptor
and all other files. It would certainly serve as a source uf addresses
for the bibliography file. The establishment of this data handling capa-
bility would again allow for a further depth of \ndexing and data
processing.

In all of the present and proujected computer uses, two criteria
must be met, first, the data processing routines must reduce time,
effort, error rate or cost of some EPIC routine, and second, they must
provi_e added flexibility and capability in data handiing, Ail of these
data processing efforts allow EPIC to provide a greater service to its

user.
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