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PRECIS
RESEARCH PROGRESS REPORT

Title: "Annual Report: Automatic Indexing and Abstracting.' Annual Progress
Report, Office of Naval Research, Contract Nonr 4440(00).

~
w?;rm investigation is concerned with the development of automatic index-
ing, abstracting, and extracting systems. Basic investigations in English morphology,
phonetics, and syntax are pursued as necessary means to this end.

Condensed Report Contents: The third annual report on automatic indexing and
5 extracting summarizes progress in three areas of investigation.

(1) Application of English word morphology to automatic indexing
and extracting

{2) Automatic indexing and information retrieval by the thesaurus
method

{3) Studies in phonetic English

3 The first two areas were supported by the Office of Naval Research; the studies
in phonetic English were supported in part by the CNR, and in part by grants from the
Lockheed Independent Research fund.

In the first section the theory and design of the "sentence dictionary" experiment
in automatic extraction is outlined. Some of the computer programs needed for this
experiment have been completed; documentation for tiese progrems is included.

The second section is a discussion of an unconventioaal informacion retrieval
system which may be used to retrieve English or Russian technical literature.
Specifically, there is a discussion of the query language and of the data base struc-
ture. The design of this system is complete and programming has begun.

The third section comprises a final report in an exhaustive study of the relation
between the orthographic and phonetic forms of English monosyllables. Thig paper
reports on the methods and accuracy of the algorithm to map the orthographic forms
of English into the phonetic forms given by five different phonetic authorities, or to
map the phonetic form given by one authority into thai given by another.

For Further Information: The complete repurt is available in the major Navy technical
libraries and can be obtained from the Defense Documentation Center. A few copies
are availahble for distribution by the author.
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FOREWORD

This report marks the compietion of the third year in which the Office of Naval
Research has contributed support to the research in the Information Sciences at the
Lockheed Palo Alio Research Laboratories of the Lockheed Missiles & Space Company.
The first two sections report on work supported solely by the ONR, except for com-~
puter support contributed by LMSC; the third section reports on work supported largely
by the independent research program of LMSC, with some support in the terminal
phases from the ONR funds.
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It is convenient to consider the work reported here as dealing with significant data
bases. During the first year of the program, a major part of the effort went into
estabiishmenrt of 2 word-data base. The English Word Speculum, which has been
distributed to ONR program participants, illustrates the nature of this data base. In
the second yearly report, and in the presem renort, examples are given of exploration
and application of the word data base and of a phrase data base to problems in lin-
guistics and information analysis.

The first section of this report documents how the word data base has been utilized in
the development of a computer system which creates a sentence data base which will
be used for further investigation of the indexing and abstracting process. This
sentence data base, scheduled for completion this year, will consist of sentences
selected from chapters of various books provided with an index. It will carry struc-
tural information in the form of part-of-speech strings for each sentence, and an
indication of the "significance" of each sentence as measured by the index.

The second section describes how an English/Russian phrase data base can be used
in the development of a technique for obtaining English indexes from untranslated
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Russian text. This section also shows how such index terms can be used to {form a
data base to support a retrieval system in which syntactic relationships can be utilized
in the user's 'nput deseriptors.

The third section documents how a word data base giving both orthographic and phonetic
forms of words has been used (o develop an algorithm for converting from graphic to
phonetic forms.

The group at Lockheed takes this opportunity to express its thanks for the continued
support and encouragement given by the members cf the Information Sciences Branch
of the Office of Nava! Research.
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Bection 1

AN EXPERIMENT IN THE USE OF SYNTACTIC INFORMATION
IN AUTOMATIC EXTRACTING*

1.1 INTRODUCTION

There is often 2 relationship between the orthographic form of a word and its syntactic
function or its meaning. By analogy, it is possible that there is a relationship between
the syntactic structure of a sentence and the significance of the sentence. It is impor-
tant to establish whether or not such a relationship does exist, and if 80, to discover
how it can most easily by exploited.

Now that an algorithm exists for assigning parts of speech to words, it is practicable
to design an experiment for correlating automatically the degree to which thig structure-
significance relationship exists. Part of speech can be regarded as definitive of struc-
ture; a human-compiled index can be regarded as indicative of significance. Given
text for which human-compiled indexes exist, it should be possible to identify those
sentences which contain the index reference phrases and those which do not. Let us
designate as "'indexible' and "more significant” those sentences in a text which contain
a phrase listed in the index, and as "nonindexible" those not containing a phrase listed
in the index. By assigning a part-of-speech category to each word of each sentence,
sentences can be syntactically characterized or typed by the part-of-speech strings

of their words. Then a simple sorting and comparing experiment will determine if

the part-of-speech strings can be used in differentiating between "'indexible' and
"nonindexible' sentences.

In carrying out this experiment, a sentence file will be produced and then ordered
according to (1) the part-of-speech strings of the sentences and (2) the categorization
of sentences intc indexible and nonindexible types. This ordered file can then be
examined to see if (1) there is a manageable number of different syntactic sentence

*Work on this task was conducted by L. L. Earl.
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types, i.e., different part-of-speech strings; and (2) if there is a partition between
sentence tvpes categorized as indexible and those categorized as nonindexible.

If there is a manageable number of sentence types and a complete partition, by type,
of indexible and nonindexible sentences, we will have achieved a sentence file which
is also a sentence dictionary of indexible sentence types. This means that if the
chosen corpus was sufficiently representative, a type of syntactic extracting will

" have been achieved, since any iext can be extracted by comparing iis sentence types

with those in the sentence dictionary of indexible sentence types. If, on the other
hand, there is clearly an unmanageable number of sentence types or clearly no
relationship between sentence types and index phrases, then we will have proved that
extracting by syntax alone is not practical. The actual result is likely to lie some-
where in between and is likely to suggest avenues of research by which ihe partition
between indexible and nonindexible sentences could be improved. Some possible
avenues are as follows:

¢ Use a system of syntactic analysis to find equivalence clagses among
sentence types such thai the number of sentence types will be reduced
without destroying the partition between indexible and nonindexible

sentences.

@ Find a finer {as opposed to a grosser) classification of part of speech
than that used to produce more distinct sentence types with a better
chance of partition hetween indexible and nonindexible sentences.

® Find a way in which other criteria (such as frequency counts} can be
combined or superimposed on syntactical criteria to achieve a better
partition between indexible and nonindexible sentences.

Once a satisfactory partition between indexible and nonindexible sentences has been
achieved, the next research target will be the identification of the actual index phrase
or phrases within an indexible sentence. If this identification can be achieved, not
only automatic extracting but also automatic indexing will be possible. Exnloration
of this poasibility should wait until completion of the extracting experiment.
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1.2 OUTLINE OF EXPERIMENT

The necessary tasks in the extracting experiment include preparation of text,
computer programming and checkout of text-handling routines, processing of
text, and analysis of results. Without regard for how each step will be carried
out, we can outline the steps of the experiment as fellows.

First, a corpus of indexed test must be chosen which has sufficient variety and
volume to be a statistically meaningful sample. Then each sentence must be
categorized as indexible or nonindexible. The text must then be keypunched and
read inwo the computer with this categorization. The part of speech of each word
in the sentence can then be determined automatically, and & record can be produced
in a storage device, giving the sentence itself, its length, ita position in the input
text, its index categorization, and its part-of-speech string. When a record has
been formed for each sentence, we will have a sentence file whose records can be
ordered by part-of-speech string and by categorization. This indexed file must
then be examined and analyzed as described in the introduction to ascertain the
degree to which syntax can be used in extracting and indexing text. Progress in
these tasks can now be outlined in more detail.

The computer programs for the IBM 360/30 necessary for completion of the experi-
ment can be summarized as follows:

{1) A routine to assign parts of speech to words, by dictionary look-up
for special-function words, by graphemic analysis for the buik of
the language

(2) A routine to form the part-of-speech dictionary on disk, of all words
for which the part of speech cannot be determined algorithmically

(3) A rovtine to read text from cards, isolating and organizing individual
sentences for processing purpcses

(4) A routine to create a sentence file on disk, with each record contain-
ing a sentence, the part-of-speech codes for the words in the sentence,
and identification, such as the page and sentence number and indexible
or non:ndexible categorization

1-3
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{5) A routine to sort a sentence file according to the part-of-speech
codes, so that sentences of like structure can be compared
{6) A routine to print a sentence file, or a portion thereof

Of the computer programs listed, Numbers 1 through 4 have been programmed and
checked out, and documentation is included in subsection 1.3.1. Program Number 5
is being worked out. A simple form of Number 6 has been programmed, checked out,
and doeumented, but a more sophisticated program with more options will probably
become necessary.

The dictionary necessary for the part-of-speech routine has been prepared and exists
on cards and on tape. The random access dictionary on disk which is used by the
part-of-speech routine is prepared each time, just before its use, from the tape
version (approximately & 4-minute task). The compilation of the words for the
dictionary is described in Section [.4 of the March 1966 annual report. There are

at present 916 entries in the dictionary.

The selection and preparation of the input text is just as large a task as the compila-
tion of the part-of-speech dictionary and programming of the text-handling routines.
The index phrases which refer to the chosen text must be identified and the indexible
sentences marked. The text must then be keypunched in a format which can be read
by the computer program. (Th~ keypunching rules which have been formulated are
given in subsection 1.3.2.) It has been decided that 10, 000 sentences, or about 500
pages of average text, should constitute a large encugh sample for the indexing
experiment. A lesser sample will be used initially to see if it appears that a relation-
ship between syntax and meaning does indeed exist and if it is worthwhile pursuing

the exact nature and limitations of the relationship.

Nine texts have been chosen so far for the experiment, and the indexible sentences
in each have been marked. Keypunching .:as been completed for four of the texts.
Each text comprises one chapter from one of the following books.

1-4
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{1} A. Doak Barnett, Communist China & Asia, Challenge to American Policy,
New York, pubhshad for the Council on Foreign Relsations, Harper, 1960.

{2} Niel W. Chamberlain, The Firm: Micro-Economic Plancing and Action,
New York, MecGraw-Rill, 1962.

{3) Charles Coulston Gillispie, The Edge of Objectivity: an Essay in the
History of Scientific Ideas, Princeton, N.J., Princeton University Press,
1560.

{4) Walter James Greenleal, Qccups*iops; A Bagic Course for Counselors,
Washington, D.C., Governmemt ‘r~ting Office, 1954.

(5) John G. Gurley and Edward S. Shaw, Money In 8 Theory of Finance,
Washington, Brookings Institution, 1860.

(8) Robert L. Heilbroner, The Making of Economic Society, Englewood Cliffs,
h.J.,Prentice-Hall, 1962.

() Mark S. Massel, Competition and Monopoly, Legal and Economic issues,
Washington, Bruokings Institution, 1962.

{8) Robert M. Palter, Whitehead's Philosophy of Science, Chicago, University
of Chicagc Press, 1960.

(%) S5.M. Siegel, The Plant Cell Wall ~ A Topical Study of Architecture,
Dynamics, Comparative Chemistry, and Technology in a Biological
System (International Series of Monographs of Pure and Applied
Biology, Plant Physiology Division, Vol. 2), N.Y., Pergamon, 1962.

All phrases in the index which referred to the chosen chapter were extracted with

the page reference. These phrases were then identified on the referenced page, and
any sentence containing such a phrase was marked "indexible.” Identification of the
phrases was done in whatever way seemed most reascnable; however, many problems
came up in such identification. Some index entries in Communist China and Asia can
be used to illustrate the difficulties. One entry was ""Foreign policy, Chinese
Communist, pp. 77-83." These pages contained specific examples of Chinese
Communist foreign policy as well as general statements about it. In sentences
containing both the words "Chinese Communist” (or "Chinese'') and also the words
"foreign policy' (or '"policy'), both ph -ses were marked and the sentence was
called indexible. However, sentences were also called indexible when the words
"'foreign policy" stocd for "Chines Communist foreign policy." (For example,
"'National security is another basic national interest which underlies Peking's
foreign policy.') Another entry was ''Ideology, Chinese Communist.” In this
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cise sny sentence containing either "Chinese" or "Communist” and & form of
"ideology® (i.e., ideological) waa called indexible. For the entry "Ideology of
Mao " "Maoism " "thought of Muo-Tse-tung" and ""Maoist ideas” were cll
accepted as index phrases.

Thus an attempt was made to ideatify as indexible ail sentences whose thought

was concerned with an item in the index. This does, unfortunately but necessarily,
{nvoive & sublective judgement. Often, as in the case of the entry "Ideology of Mao,”
the exict entry does not occur in the text at all. Even when it does, it does not seem
reagonable to ignore other sentences containing concepts which the human indexer
regarded a8 significant, albeit the form of phraseology differs slightly from that in
the index. However, should the correlation between syntax and indexibility prove

to be poor, one possiblity will be to eliminate the "indexible' categorization from

all sentences in which there is not an exact match between phrase and index entry.

1.3 EXPERIMENT DOCUMENTATION

In this section the details of the text-handling routines are documented. Rules for
keypunching the text are given, consistent with the reading routine developed. For
each checked-out computer program there is a general description, input and output
format description, listing of the program's control cards or calling seguence for
running under the BOS monitor, and a logic flow diagram (Figs. 1-1 through 1-6).

1.3.1 Program Documentation

e DICT PROGRAM

Description: DICT is a routine which r:2ads dictionary entries of a prescribed format
from the card reader and stores them in a conlensed, coded form on magnetic tape.
Logical I0CS is used for both reading and writing. Both input and output are double
buffered. The output tape can be sorted using the standard SORT-MERGE program,
and this tape then is the input to DICTF, which forms a dicticnary on disk, for random
access by keys Control cards for both DICT and for the SORT-MERGE program are
given below.
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Input and Qutput Format. Each dictionary entry is punched on a separate card. The
word occupies columns 1 through 12; it is unlikely that function words will be longer
but if they are they will be truncated. The part-of-speech codes are given by two-
character aiphabetic codes which start in column 30 and are separated by blenks.

For example, the werd "after” which is a preposition, conjunction, and adverb would
have a PR for preposition in columns 30 and 31, a CJ for conjunction in columns 33
and 34, and an AV for adverb ip columng 36 and 37. On tape, each word occupies an
80~byte record of which the first 15 bytas are used, 12 byteg for the EBCDIC codes
for the word itself, and J bytes for a binary representatios of all the part-of-speech
possibilities of the word. (Eighty-byte records were used becauge redundancies were
encountered using 15-byte records.) Each binary bit of the 3-byte part-of-speech
code represents a different part-of-speech possibility. A 1 bit in a given position
indicates the presence of that particular part-of-gpeech possibility. The two-character
codes for part of speech are given below, with the corresponding bit position in the
3-byte binary code.

. Binary Bit
st of Speech Al%h:dbetic Position
e From | From
Left Right
Ends ii: 8 HS 24 1
Noun-Adies ive NA 23 2
Adjective AJd 22 3
Verb VB 21 4
Adverb AV 20 5
Preposition PR 19 6
Conjunction CJ 18 1
Pronoun PN 17 8
Interjection A 16 9
Past Verb PV 15 10
Accusative AC 14 11
Present Participle NG 13 12
Past Participle PP 12 13
Negative NV 11 14
Auxiliary AX 10 15 ¢
Future FT 9 16
Reflexive RF 8 17
Noun Plural or
Collective NP 7 18
Article AR 6 19
. 1-7

LOCKHEED PALO ALTO RESEARCH LABORATORY
tOCKREED M1 331 LES 4 $PACE COMPANY
A GIOU? LIVISIOM OF (CCKNEFD AIRCRAPY CORPORATION




e g

Thus the sigaificant par! of the ;ape record for the word "after' will be as follows:

bytes 1234567889 1011 12 13 14 15
AFTER 00 00 70
i ] L v}
o exadocimal
EBCDIC Codes H

as shown

Input cards are read and condensed into the 13-byte format and written on {ape unit
180, unblocked, unti} the I0CS end-of-file card (with slash and asterisk) is encoun-
tered, at which time an EOF is written on tape. Any cards with iilegal format or

codes are not written on tape; the card image is printed on the printer instead.

In forming & sentence dictionary, the first step is normally the running of DICT,
followed by a DSORT run to order the entries. The resultant tape is held and can

be quickly converted to a random access fi‘e (by key) on disk by the DICTF program.

Control Cards:

0001 /7 J0R DI1CT
c002 A7 DATE 66133 5713766
0003 /1 ASSEN SYS002.%XY1R0%, 11 ,X1500
0004 77 EXEC LDADER,R
000> /%
0001 17 J0B DSORT
0002 /7 DATE 66034 2/3/66 e e — e e e e
0003 77 ASSGN 5YS000,X*180%,T1,X90" T
0004 /7 YOL SYSOO0!,SORTW
AR ¢ T_ROAK ARES 10967371, c
0006 00014+65349,65349, 0000000600000
0007 /7 XTENT 1,000,0001000,0199009,0947377,5Y5001
0008 /¢ ASSGN SYSO0Z,X'180%,T1,X'90" . . e .
0009 /7 EXEC -
0010 OPTION MESSAGES=SYSLST,PRINF,STORAGE=16000,LABEL: (U,U)
0g1l INPFIL_ INPUT=T,¥OLUME=1,BLKSIZE= {80 :X)
0012 DUTFIL QUTPUT=T,BLrSIZE=80
[¢[1} &1 RECORD TYPE=F,LENCTH=(BO)
0014 SORY FIELDS={1,12+41,FORMn 1 =CHsS12E=1000 . _ .
o015 END

1-8
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BEGIN

Open CARDIN and
TAPEOQUT files

)

Read & card. Register 10] EOF | Close CARDIN ad
e sot by 10CS to location of 43§ TAPEOUT files
the current card buffer and returs 1o BOS

Imsoy END

Move columns 1-12 of card
into bytes 1~12 of outpus ares

!

Clear bytes 13~15 of the output
area for the part-of-spesch code

i

Are the 2 bytes starting at the
address given by R10 {registar 10
+ 29 blanks ?
1
§ yos el
Write the output Do those 2 bytea mateh with any
ares on tape of the emtries in the PSTAB tahle?
{Part of Speech table)
no ‘ yes
Dump the card "OR™ the part-of-apesch bit
input ares corresponding to the matching
entry into the output area,
bytes 13~15

-

fitap R10 by 3 tc get address
of next part-of-speech code

Fig. 1-1 DICT Program Flow Diagram
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& DICTF PROGRAM

Description: DICTF takes the sorted output of DICT from tape 180 and forms a
randoi access file on disk, using logical {0CS. Both input and output are double
buffered. Eighty-byte records are input from the tapse; the first 15 bytes (the only
significant bytes) are used unchanged to form 15-byte disk records. The first

12 bytes {the EBCDIC word) become the key by which the record can be sccessed
and the last 3 hytes (the part-of-speech codes) constitute the argument supplied

“when the record is accessed.

Error Messages: A dump is supplied if the disk file is successfully built and
closed. If errors are encountered, the 15-bytz error records sre dumped, headed
by & code to indicate the nature of the error. These codes are as follows:

INDEXFULL cylinder index area is full
DISKERR uncerrectable disk error
DISKFUL prime data area on cylinder is full
DUPREC duplicate record in input data
ORDER sequence error in input data
LENGTH length error in input data
TAPEERR error in reading input tape

The 15-byte error dump is sollowed by a full durap and control is returned to BOS.

Input and Qutput Format: The input format is given under the DICT documentation,
where it is the output format.

Output records are unblocked. They consist of a key area of 15 bytes, the EBCDIC
coded word, and a data area of 3 bytes, comprising the part-of-speech code as des-
cribed in the DICT documentation. Recorcs are stored and indexed by logical 10CS
for random access, in the disk areas specified by the XTENT curds. (See control
cards below.) A track index is formed in the area given by the XTENT 4 card;
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no master index is used. The XTENT 1 card gives the primary data area and the
XTENT 2 card gives the overflow data arex.

Control Cards; Note that for BOS version 6.2, the name in the DLAB card must be
changed with each run, due to a bug in logical FOCS.

B - a T

poadesmse 1

0601 77

BODL AL DATE 66204 1125766 MONCAY

JOB DICTE

0003 /4 VOL SYS001,SDICT , - )
0004 77 DLAR ¢+ SDICTLL . 10947374, ¢
£008, s :

0006 77 XTENT 4,001+0101000,0103009, 094737+ ,5¥S001L

' 0007 77 XTENT 1,002,0104000:0115509,1C94737¢,5Y$001
DOQA_ . //_XTENT 2,003.0116000.0125009,4096737%,5Y5001
0609 /7 EXEC LOADER:R
0010 I

T e TS SR A IR e RS
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gt

l

—
i T AR

BEGIN
. Open the TAPEIN and SDICT
; files. Initialize SDICT file
1
: Read a tape record EOF
§ , TAPEIN file
g inot EOF l
% : End SDICT file
3 gliéert?ii record on disk and print END
- . message
i Close TAPEIN

and SDICT files

Dump and
return to BOS

END

Fig. 1-2 DICTF Program Flow Diagram
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o RSENTR (Read Sentence Routine) PROGRAM

Program Entry: RSENT

Description: RSENTR is a subroutine which reads text from cards, providing one
sentence to the using routine each time it is called. Double uffering is used in
reading text under the logical JOCE system; both buffers are set aside within the
RSENTR program and are of no concern to the using routine. The sentence provided
to the user is stored as designated in the calling sequence, and a "map* is provided
with the location und length of each word. REENTR also provides the using routine
with the page and sentence number of each current sentence, the nunber of words

in the sentence, and an indicator which shows whether or not the sentence was marked

indexible.

Calling Sequence:
L 15 = V(RSENT)

’ BALR 14, 15

DC Y{(PAGE)
DC Y(SENTBUFF)
DC Y(SENTMAP)
DC Y (INDIC)
DC Y(ERROR)
DC Y(EOF)
Normal return

PAGE name of the location where page number, sentence number, and number

of words will be stored, 2 bytes for the page number followed by 1 byte
each for sentence number and nur -ber of words.

SENTBUFF name of the location where the card image (EBCDIC) will be stored.
A 1000-byte buffer is recommended.
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[

SENTMAP location of a8 map giving the locution and length of each word in the
senteace. There is one full computer word in the map for each
English word or mark of punctuation in the sentence; the first half-
word contains the location of the English word or mark of punctuation
and the second hall-word contains the number of bytes occupied by
the word. The first full werd corresponds to the first English word,
the second to the second English word, etc.

INDIC location of a byte in storage which will be set to I if the sentence is
indexibie, or to N if it i= not.

ERROR an error refurn, which is not currently being used. The compu.er
will stop or give a dump on .rror.

EOF¥ the EOF return; all sentenc2s have already Leen processed.

Input Format: If it {s desired to set the initia] page number at a value other than
zero, the first card should have a $ in cclumn 1 and the page number in columns

2 through &, all of which must be punched. The page nuinber can be made to identify
the text hy adding a large constaat, e.g., if text 1 starts at page 256 of book A and
text 2 starts at page 1001 of book B, the initial card for text 1 can read $10256 and
for text 2, $21001. The page number will be stepped by 1 and the sentence couni reset
to zerc svery time a card with 2 § in column 1 (and the rest blank) is encountered.
Text is punched free form in columne 1 through 72, except that each sentence must be
followed by either twe blanks, or one blank plus one dollar sign. If a dollar sign is
present, tnhe sertence will be identified as indexible. (See Calling Sequence. )
Detailed rules for keypunching are given in subsection 1.3.2. The EOQF card has a
slagh in column 1 and an asterisk in column 2.

Qutput Format: Sce Calling Sequence.

Control Cards: RSENTR is a subroutine stored imn the relocatable library. An
INCLUDE RSENTR must follow the PHASE card of the using program.

1-14

LOCKHEED PALO ALTO RESEARCH LASORATORY
LO CKHEED MISSITLFS & SPACE COMPANY
A GROQUP DIYISION OF rOTKMEED AIRCRAFT CORPORATION




REENTR et
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INDIC
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!
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}
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T !
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Mop R11 Wy ) te gat -
» get leagth -1 of word

[M-rll‘-mrf‘]'

i

Bap RiI by 100 gm
ree longth

!

Nore jecation ant lemgth
of verd is SENTMAP
1

Sop SENTRCFF.
SENTUMAY serage adiress

Lﬁullﬂ‘wm ]

ot R)G = RIS NI o gwt
‘ncation of penctuation and
st K1l ® ). boighh <) of
Pncteatta:

{

- MiRwRlIwem ||
adivess of pemt esluma
Was the punctsstion
tormisal, t ¢ . & poriod bod
oxiamation . or guestion
mars? /
SENTBUTT

ot R11 = RI0< 20 gt fonr . More location tad length
sdtress of nan: oluma g"m’w 1 of mncessnion

Hsve punchettien
e SENTRUFTY

Fig. 1~3 RSENTR Program ¥Flow Diagram
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® POS (Part of Speech) PROGRAM

Description: POS is a subroutine whi u “t:i.rmines the parts of speech of the English
word whose location and length ave given in register 10, storing the part-of-speech
code in the location specified by registor 11. POS uses logical I0CS to look up each
word in the indexed sequential dictionary file (on disk} produced by DICTF. For ail
words not in the dictionary, the parts of speech are determined by analyzing the
graphemic structure of the word as described in Section 1.4 of Part I of the 1966
Annual Report.

Input and Output Format: POS assumes that the address and length of the word wuose
parts of speech are to be determined are in a location specified by R10 (rezister 10).
The first 2 bytes of the full word specified by R10 give the address at which the

English word is stored and the second 2 bytes give the number of letters in the word.

The part of speech codes assigned by POS are the same as those described in the
DICT documentation. This 3-byte code is stored into the location specified by R11.

Calling Sequence: POS is entered at POSBEGIN with a calling sequence such as:

L 15, = V (POSBEGIN)
BALR 14, 15
RETURN

Any program using POS must have the VOL, DLAB, and XTENT cards which define
the dictionary file. (See DICTF and SENDICT documentation. )

Programming Notes: POS makes use of several specially defined macros, as
described below.

1. £Loc $AFIX CAFFIX, CLENGTH, Eros
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This macro puts the letter string AFFIX, which has a length CLENGTH at the
location £LOC. Immediately after the string it stores the 3-byte code for the parts
of speech indicated by £P0OS. £POS may have one of the following values:

A adjective
N noun
v verb

NV noun and verb

PV past verb

NG present participle

PP past participle

NP noun plural

MNV noun and verb, becoming noun only for worda of 4 or more syllables

AJV  adjective and adverd
I EPOS is blank, a zero is stored instead of a part-of-speech code.

2. £L0OC $ENDT

This macro stores a hexadecimal FF at {LOC. This is the code POS uses for
ending a table.

3. fLoCc S$LETR &R, EYES, €NO, stnl, L'smmel, CLENZ, CSTRINGz ..

This macro generates a code for checking the nth letter in the KERNEL buffer (where
n is in register {R) against the letter string ESTRING of length ELEN, with a
transfer to {YES if a match occurs or to ENO if it does not. ELEN and £STRING
can be repeated in pairs to check for more than one string (the OR condition). Thus
if R8 =3, $SLETR 8, YES, NO, 1, A, 2, ES, 1, B will result in a transfer to YES if
the third byte in the KERNEL buffer starts the sequence A, or ES, or B. Otherwise
a transfer to NG will result. If either {YES or {NO is left out the transfer will be

to the next instruction in sequence.
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4, £LO0C SLETN &N, £yEs, &no, 8LEN1, {STRING LLEN t.’smmcz...

2I

This macro is identical to $LETR except in the designation of the letter to be checked.
In $LETN, n is given by IN;in $LETR n is given in register CR.
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Fig. 1-4 Part-of-Speoch Program Flow Diagram
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No

Negate suffix. Was

this a T suffix?
No Yes
Teued ;ll Tenad all
R Mﬂxn '!' nmxn?

5568

Fig. 1-4 Part-of-Speech Program Flow Diagram (Cont.)

1s this suffix at the \Yes Doas this suffix end in \ NG
end of the word? 8, ED, or NG? /

No

Is thie cuffix
ES?

s ED

‘I

Prececd by
H or G?

double consonant?,

18 Yes No Yes
Set signal Does this Set to Skip
T suffix ::‘:8"" :,‘;’ the terminal
857 ¢ N {consonant tonl
lNo Yes
@ Yes Preceded by

Preceded by a
vowel plus L, R,

No

Reject prefix possibility,
Unless this is an inner
_|prefix set TPPOS8 to zero

Accem IJ‘X. Step

count of suffixes.
Adjust count of total
letters in suffizes.
Move TENTSK to
KERNEL

O
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& SENDICT (Sentence Dictiopary} PROGRAM

Description: SENDIC creates & sentence file on digk, with each record of the file
representing one sentence. SENDIC assembles each sentence, its part-of-speach
strings, and its identification into a variable length record, and uses logical 10CS
to form a blocked sequentiai file of these records. BSENTR is used to read the
sentences from cards and POS is used to assign part~of-speech codes to the words.

Input Format: Data input is as for RSENTR.

Output Format: Each variable-length record corresponds to one sentence. The
blocksize is currently set at 2728 bytes, set by consideration of the requirements
for using the IBM disk-sort routine for SENSORT (not yet completed). The size
of each record is calculated and stored by SENDIC; logical 10CS accumulates as
many records as possible into a block. The record format is as follows:

Field Number
Number of bytes Description
0 4 First 16 bits give the total record length in
bytes, right justified; logical IOCS uses the
second 16 bits
1 1 The character I or N for indexible or not
indexible
2 The page number in binary, right justified
The sentence number in binary, right justified
1 The number of English words in the sentence,
in bimary, right justified
5 3M where The part of speech codes for the words,
M = number 3 bytes each
of English
words
6 Variable The sentence in EBCDIC
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Control Cards: Cards 19 through 22 are representative data cards; see the data
input section of the RSENTR documentation.

elel o} 7/ OB SENDICT
02, ' e
0003 77 VDL SYSOOL,SDICY -
2 H T /¢ DLAB * SDICTi1 1094737, c
L0058 e D0O0) A 88100 L ALLO0 L BACOBOOCHRRON Y
0008 /7 XYERY 4,001,0101000,010300%9,09737¢,5v5001
0007 £7 XTENT 1.002,0104000,0115009,10067371,5Y5001
- QOGR 4/ XTENT 2.003,0516000.0129009, 10942371 5Y5001
0009 £ 0L SYSOOL1,SENTFL
0010 Jf DLAB 7 SENTFILEL 10947371, c
413 : y
0012 /7 XYENT 1,000,0001000,0100009,°094737¢,5Y5001
6ol3 £7 EXEL LOADER
0016 PHASE SENDIC,S ) N
0015 INCLUDE RSENTR
0016 INCLUDE SENDIC
1153 ¥4 INCGLUDE #0S
oo0ls ENTRY SOSTARY
0019 $00200 .
OO . CHAPYER 10 ART, LIEE. AND EXPERINENT,
0621 PHYSICS HAS BEEN THE CUTTING EDGE OF SCIENCE SINCE GALILED, AND 17§
0022 s

<
« bk
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Open the aentence file

-

Read a sentonce
g:?:: Jentence file, | _EoF (Call REENTR subroutine;
control to BOS return indicates result of
EOF test.)
‘ not EOF

Load R10 (registor 10) with
the address of the first entry
in the sentence map

!

Load R11 with the address in
the output record where the POS
routine is to store the part-of-
speech code

Call POS subroutine to determine
and store the part-of-speech code
of the current word

!

Step R10 to the next entry in the
sentence map; {.e., step to the
next word in the sentence

1

Step R1! to new address in the
output record where part-of-
speech code is to be stored

no
—( Have all words been proceased ? )

yes

Reset R10 to address of the last
entry in the sentence map; calculate
the length of the sentence in bytes (N)

'

Move the sentence (EBCDIC codes)
into the output record

!

Calculate the length of the record
{9 + 3M + N) and storeit In field 0.
(Fields 1—-4 have been sct by
RSENTR).

Write the output record onto

the sentence file

Fig. 1-5 SENDICT Program Flow Diagram
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® SENINT (Sentence Interpretation) PROGRAM

Desoription: SENINT iz a prograrm which reads sentence records from the disk
file produced by SENIEC or SENSORT, interprets them, and prints the sentences
fnd sentence information on-line. SENDIC (see wrifz-up) is the program which
produces the original sentence file. SENSORT (not yet completed) processes the
original sentence file to produce an ordered sentepce file. SENINT is currently
being revised to take its input from tape as well as from disk.

Input and Ouiput Format: The input format, i.e., the format of the sentence file on
disk, is identical to the output format of SENDIC. The XTENT card of the SENINT
job must be the same as the XTENT card used when the file to be interpreted was
produced. Normally, this XTENT card will be that used for the output file of the
SENDIC or SENSORT run.

The output is on-line, on the printer. Two sengences are output on each page, one
at the top and one at midpage. The first line gives the sentence category in column 2
{I for indexible, N for nonindexible), the page number in columns 9 through 18, and
the sentence number in columns 25 through 32. The second line is blank. Starting
with line three, the part-of-speech codes for the words appear; a slas -eparates

the parts of speech of one word with those of the next. Following the parts of speech
there are three blank lines. The next and as many following lines as necessary
contain the sentence.

Control Cards:

qoo1 /7 JOB SENINT

0002 /7 DATE 06284 10/11/66 - — —

0003 /7 vOL SYSOOL,SENTFIL

0004 // OLAB ' SENTFILEL 109647374, c
¢ ]

0006 /7 XTENT 1,000,0001000,0100009,°094737*,5Y5001

0007 // EXEC LOADER

0008 . _PHASE SENINT,S S _ ————

0009 INCLUDE SENINT

0010 ENTRY SISTART

rEY
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REGIN
Open SERTYT., BENTOUT files
]

w4 Read a sentence irom the disk Close SENTFL and

SENTOUT files and
return control to BO8

END

) EOF

N\ filo and chack EOF

Is REGE awitch - 07
No

Set REGE pwiich to
zero and skip printer
to heginning of page

8et REGE switch to 1
and skip printor to
midpage

rClenr output srea, edd
| 110 to record address

Move remaining

bytes n{ sentence
{nto output aren

and print

and subtract 110 from
L]

Move 110 bytes of

aentence irto output

area and print

|

1a RS less than 1107

_senence)

Determine the length of the
sentence in bytes and store
in RS (Record length ~ 3N-9
where N = # of words {n

Print the POS codes left in
the output record; clear the
mutput record and space the
printer 3 lines

Yen

e

!

F.‘vlur output record nmJ

Store the sentence category
in byte 2 of output area

Convert page number and
sentence number to
ERCDIC and store in output

!

Print record and space 1 line
Cloar outpul ares

Set registers
R8 to mumber of worde (n sentence
A9 to stop address of output record
(column 102)
R10 te address where part of speech
codes of words begin

R11 to beginning address of output
record

Set R12 to address of part-of-
table (POS table)

=]

Compare POS code at addreas R10
with that st address Ri2, Do they
match?

Stors the mnemonic code|
for POS st address R11

r Step R11 by 3 j
T

-

No

Step R12 to address of next POS code
No ( )

L Step R10 by 3 to PO8 of next word ]

1s this end of POS table?

Yes

Store a slash at nd;irou an

{

No

Has the POS8 for all
the words been
interpreted?

P‘L(:tep R11 by 3 and check if = R

Print outprt area; clear
out

R9 = stop address

Fig. 1-6

11 = begin address of
At Ares

SENINT Program Flow Diagram
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1.3.2 Keypunchking Rules

At the end of each page, following the last sentence which begins on that page,

punch a card with a $ in column 1 and the rest of the card ble-k.

The text should be punched more or less naturally in columns - through 72, a8

in typirg, except Jhat the following rules must be observed.

&)

(b

©)

(d)

(e)

®

Each sentence must and with a period, exclamation, or question mark
{followed by either two blanks, or if there is a red § following the sentence,
by one blank and then one $. There may be any number of blanks before

the beginning of the next sentence.

Do not split a word between cardas. Make sure that the last word terminates
at or before column 72 and leave the rest of the card blank. Words raust be
separated by one blank. More blanks are O.K.

Punctuation will usually be handled as in typing, punched immediately follow~
ing the word preceding, but inserting a blank in front of the punctuation will
ke O.K.

Apy mark of punctuation other than a hyphen should be followed by a blank.
Thus should there be contiguous marks of punctuatior., separate them by
blanks.

Do not punch elipsis marks or use peviods or question marks foliowed by a
blank in any other capacity than to terminate a sentence.

Quotation marks follow the rules given in {c) and (d), except read Rule 4
below.

For example:

col 1 2 3 4 5 6 7 8 9 10 11 12 18 19
t h e w o r d " b i ol o gy "
or
col 12 3 4 5 6 7 8 9 10 11 12 18 19 20
t h e w o r d " b i{ ol o gy "
L )
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3.

If a comma had been included

col 1 2 3 4 5 6 7 8 9 10 11 12 13 19 20
t h e word , " b i ol o g y "
The codes used for special characters are as follows:

__ Name __ Symbol Punch
period . 12-8-3
less than < 12-8-4
left paren { 12-8-5
plus + 12-8-6
ampersand & 12
exclamation ! 11-8-2
dollar sign $ 11-8-3
asterisk * 11-8-4
right paren ) 11-8-5
semicolon ; 11-8-6
hyphen - 11
comma , 0-8-3
percent % 0-5-4
dash - 0-8-5
greater than > 0-8-6
question mark ? 0-8-7
colon : 8-2
apostrophe ! 8-5
equals = 8-6
quotation mark " 8-7

These are standard codes for the IBM 360 computer.

Unfortunately, the punctuation rules (c) end (d) do not apply if a quotation mark
ends the sentence. The question mark and the terminal punctuation must be
punched adjacent, with the quotation first. For example: end." must be punched

col 65 66 67 68 69 70 T1 72
E N D "
Punch titles like sentences, supplying a period.
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Section 2

AUTOMATIC RETRIE JAL OF ENGLISH AND
RUSSIAN TECHNICAL TEXT*

2.1 INTRODUCTION

The following pages describe the design of a real-time information retrieval system
for the IBM 360/30. The system will be capable of retrieving Russian or English
technical literature in response to English queries. The system will run under the
LACONIQ time-sharing monitor (Ref. 2-1). The system will utilize an IBM 2260
cathode ray tube and typewriter console for input/output. The system will be
checked out with a small data base representing first 50, then 100, physics articles.

bt 10 8 30 et mad i B b

ERRE PP,

Indexing and information retrieval are intimately linked and it will be shown how the
structure of the data files follows directly in conception from the Russian to English
Indexing System (Ref. 2-2) described in the annual report for last year.

The Rusesian-to-English Indexer provides for complex cross indexing. This deep
level indexing allows the establishment of an extensive network of syntactic relation-
ships between many of the index items. This syntactic information is retained in the
structure of the retrieval system's data file. This, in turn, allows retrieval of a
document according to syntactic relatedness of terms within it, as opposed to mere
existence of the terms within the document.

Although the retrieval system has been designed to operate upon output of the Russian-
to-English Indexer, it will be seen that since this output is in fact an English index,
the retrieval system could be used to retrieve English material as well as Russian
material. The query language and the file structure will be discussed separately.

*Work on this task was conducted by H. R. Robison,
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2.1.1 Search Strategies

The seiirch strategy gensrally used in information retrieval syetemns is that of
coordinite or inverted file searching. In such & search, the user normally formu-
1ates his request as a Boolean string of descriptcrs where the descriptors are
words or phrases used to index the document coilection. Retrieval then consists of

finding those documents, or names and sources of those documents, which satiefy

the conditions of the Boolean expression.

The drawback to 2 Boolean search where word/phrase descriptors are used to
formulate the Boolean expression is well known. If a user is interested in retrieving
articles having to do, say, with the direction of proton polarization he uses a8 his
descriptors

direction
proton
polarization

If the Boolean search informs him that there are, say, ten such documents, all that
the user knows is that ten documents contain the words direction, proton, and
polarization. Whether the words are related to one another and how remains
unknown.

Attempts to solve the problem of relatedness have led to the use of various formulas
which attempt to quantify the relatedness of words, generally by some type of word-
frequency count of index items in the document collection.

2.1.2 Syntactic Relatedness

The approach used here is to attempt to esiablish relatedness of index items by syn-
tactic means. Thus the phrase direction of proton polarization, if it occurs in text,

is regarded as a single entity because of its syntactic structure. Proton is an
adjective modifying polarization. The noun phrase proton polarization is the object
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of the preposition of and the prepositional phrase of proton polarization modities the
noun direction. Text words need not be contiguous to be syntactically related for here
the phenomenon of syntactic government (Refs. 2-3, 2-4) exists o distribute syntactic
relationghips throughout an entire sentence. For example, the government paitern

for comparison is
comparison of 8/ with §

which may be used to link widely separated elements

Even more convincing is the comparison of the observed
number of particles which have passed through both platea,
and which have retained after the second plate a momentum
greater than 19. 3 MeV with the expected numbers of particles
of various masses.

The retrieval system under discussion has the unique feature of allowing the user to
syntactically combiune his input descriptors, to insert prepositions, and to search the
file with this combination. Thus the input descriptor could be

direction of proton polarization

rather than
direction, proton, polarization

If the system responds that ten documents contain the descriptor in question, the user
knows that they contain the descriptor as he formulated it — direction of proton
polarization. This is made possible because the entire file structure is cross indexed
according to the syntactic relationships of the index items contained in it.

This file structure permits a direct search for documents and also ailows the user to

browse through it syntactically.
2.2 THE QUERY LANGUAGE

The user is provided with several commands which he may use to compile his own

descriptor list, then search or browse through the file.
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ENTER D1, D2,... (Descriptor 1, 2, etc.)
LIST
ADD D1, D2,...
DELETE D1, D2,...
. CALCULATE D1, D2,...

DISPLAY X {X {8 any number of ¢itles containing
the descriptor or any number of index
items containing the descriptors)

MORE
WRITE

The descripior, D, may be used as the actual descriptor word or it may be used as
the number that represents the word in the user's descriptor list. The commands will
be explained and illustrated in the display frames that follow. The particular sequence
used in the example was arbitrarily selected for illustrative purposes.

ENTER D1, D2 ,...: The user must select descriptors to describe his search topic
and type these words on the keyboard. This command causes the descriptors D1,
D2 ,... to be entered in the user's Descriptor List.

LIST: This command causes a visuai display of the user's Descriptor List to be dis-
played on the scope of the 2260,

For each descriptor entered, the system will compute the number of documents
containing the descriptor and the number of index items containing the descriptor.

For example, proton might occur in 25 documents of the collection and in 40 index
items in the collection. Diaplay 1 shows user input and system response to the ENTLR,
LIST sequence.

It may now occur to the user that it would be worthwhile to see a display of proton
spectrum rather than proton and spectrum. This is accomplished by an ADD command

(Display 2). This display illustrates how the user can join hig descriptors in natural
syntactic units.

R
<»r
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ENTER PROTON, SPECTRUM, DEUTERON BOMBARDMENT,

HYDROGEN, HELIUM

LiIsY
NUMBER OF NUMBER OF
DESCRIPTOR DOCUMENTS {TEMS CONTAINING D
1. PROTON 25 40
2. SPECTRUM 75 100
3. DEUTERON BOMBARDMENT 12 20
4. HYDROGEN 80 100
5. HELIUM 60 125
Display 1
ADD PROTON SPECTRUM
NUMBER OF NUMBER OF
DESCRIPTOR DOCUMENTS ITEMS CONTAINING D
1. PROTON 25 40
2. SPECTRUM 75 100
3. DEUTERON BOMBARDMENT 12 20
4. HYDROGEN 80 100
5. HELIUM &0 125
é. PROTON SPECTRUM 10 15
Display 2

The user, if satisfied with this result, could delete the proton and spectrum entries

(Display 3).
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DELETE PROTON, SPECTRUM or
DELETE 01,D2

NUMBER OF HNUMBER OF
DESCRIPTOR DOCUMENTS ITEMS CONTAINING D
1. DEUTERON BOMBARDMENT i2 20
2. HYDROGEN 80 100
3. HELIUM 40 125
4. PROTON SPECTRUM 10 15
Display 3

Let us assume, however, that the user is satisfied with his initial Descriptor List
(Display 1). He decides, perhaps, to browse through the 40 index items which contain
proton. This can be accomplished with a3 DISPLAY command.

DISPLAY 40 ITEMS PROTON

or
DISPLAY 40 ITEMS DI

INDEX ITEMS FOR PROTON

1. PROTON DECAY

2. PROTON SIMULATION

12. PROTON IN ROTATING MAGNETIC FIELD

Digplay 4

(&)
h
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Any list can be continued on the scope by using the MORE command,

——

MORE
INDEX ITEMS FOR PROTON

13. PROTON SPECTRUM FROM DEUTERON BOMBARDMENT
OF HYDROGEN AND HELIUM

. DIRECTION OF PROTON POLARIZATION

aBRRL R FRE NIRRT e st et S s

Display 5

While perusing the list of index items {Displays 4 and 5), the user may wish to see a
document and index item count of an item or a portion of an item. This can be achieved
! by adding to the Descriptor Ligt. Thus, the ADD command is used and the number 13
and the words proton polarization typed out.

ADD (13, PROTON POLARIZATION)

N UTE R NP AN

NUMBER OF NUMBER OF
; DESCRIPTOR DOCUMENTS ITEMS CONTAINING D
’ 1. PROTON 25 40
P 2. SPECTRUM 75 100
g 3. DEUTERON BOMBARDMENT 12 20
b 4. HYDROGEN 80 100
i 5. HELIUM 60 125
; 6. PROTON SPECTRUM 10 15
ﬁ 7. PROTON SPECTRUM FROM 4 6
: DEUTERON BOMBARDMENT
OF HYDROGEN AND HELIUM
{ . PROTON POLARIZATION 2 4
{ Display 6
27
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Now the user decidesg to examine the titles of the articles containing item 8, proton
polarization, which wae just added to the Descriptor List.

DISPLAY TITLES (D8)

LARGE-ANGLE NEUTRON-PROTON CORRELATION FUNCTION
AT 23 MEV. MALANIFY, BENDT, ROBERTS, AND SIMMONS,

NEUTRON-PROTON ELASTIC DIFFERENTIAL CROSS SECTIONS
FROM 1 TO 6 GEV. KREISLER, MARTIN, PERL, LONGO, PCWELL,

Display 7

The DISPLAY TITLES command has an option which allows the user to examine, if he
chooseg, the indexes to the tities,

DISPLAY TITLES, INDEXES (D8)

LARGE-ANGLE NEUTRON PROTON CORRELATION FUNCTION
AT 23 MEV. MALANIFY, BENDT, ROBERTS, AND SIMMONS.

BENDING MAGNET, ELASTIC SCATTERING, FOUR-MOMENTUM
TRANSFER, INCIDENT-ENERGY INTERVAL, LIQUID HYDROGEN
TARGET, PROTON POLARIZATION, RECOIL-PROTON MOMENTUM
AND ANGLE, RELATIVE CROSS SECTION, SCATTERED-NEUTRON
ANGLE, SPARK CHAMBER, STEEL-PLATE SPARK CHAMBER, WELL-
COLLIMATED NEUTRON BEAM.

NEUTRON-PROTON ELASTIC DIFFERENTIAL CROSS SECTIONS
FROM 1 TO & GEV. KREISLER, MARTIN, PERL, LONGO, POWELL.

ASYMMETRY, COUNTER TELESCOPE, DIRECTION OF PROTCNN
POLARIZATION, NEUTRON-PROTON CORRELATION FUNCTION,
PHASE SHIFT ANALYSIS, POLARIZATION, POLARIZED NEUTRON,
POLARIZED PROTON TARGET, PREDICTION OF HAMADA-
JOHNSON POTENTIAL MODEL. PROTON.

Display 8
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Finally, the user may formulate a Boolean search expression with the CALCULATE
command, If he desires a count of documents which contain, say, proton, spectrum,

deuteron bombardment, but not helium, he may write as follows:

CALCULATE (D1 + D2 + D3~D5)
25 DOCUMENTS SATISFY SEARCH ARGUMENT

Display 9
As before, he can ask for a display of the titles and their indexes.

These commands may change somewhat in their detailed definition, though no changes
in function are anticipated.

A WRITE command causes titles to be printed out on the printer thus providing the user
with a hard copy,

2.3 AUTOMATIC INDEXING

Before discussing the file structure of the retrieval system we will summarize briefly
the Russian-to-English Indexing System. There are two inputs to the system.

o Russian text on magnetic tape
® A machine dictionary on magnetic tape that is a computer representation
of a standard English-Russian technical phrase dictionary

The Indexer matches Russian text phrases against Russian dictionary phrases. Dic-~
tionary phrases are in canonical form; Russian reverse inflection algorithms incorporated
into the Indexer transform inflected text phrases to their canonical form. When a match
is found, the English translation of the match is extracted from the dictionary. The
output of the system, a cross-indexed index, is constructed from the set of such English
translations according to algerithing described in Ref. 2-2,

8]
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A detailed examnination of some indexed output will be helpful in understanding the
file structure of the retrieval system. In lagt year's final report, a few paragraphs
of a geological article, "Phase T.:=agformations in the Interior of the Earth," by

8. M. ttishov, Nature, September 1962, were indexed as an example. We now show
the index of the entire article {Figs. 2-1 and 2-2). (The article itself is presented in
Appendix A.) Aa before, iwc indexes are shown. The simple index is a listing,
alphabetically arranged and with duplicate entries eliminated, of the English transla-
tions of Ruseian phrases in the text. The complex index 8 a cross-indexed version
of the simple index, It is corstructed using syntactic information provided by the
reverse inflection algorithms incorporated into the Indexer.

There are a few errors in the complex index. Both items alphabetized under F,
- urtoid and fourfold, silicon in arise because of improper sequencing in the Russian

reverse inflection algorithms which causes fourfold to be labeled a noun instead of an
adjective. Resequencing of twe subroutine calls will eliminate thig error. The

This arises because there is no inflection algoﬂthm in the system to convert zone

to zones to correspond to the Russig~ plural. Even so, this problem would not have
been noticeable had it not been for the fact that series is a noun whose plural and singu-
lar forms coincide. The phrase hypothewsisz about chemical is caused by a programming

error which incorrectly assumed that a3 word following a preposition would be a ncua
or noun phrage. This error can be easily corrected. The phrase state of silica in

condition is a meanjingless phrase which occurs because the Russian word following
condition does not hapoeln to be a dictionary entry, It is difficuit to see how te correct
this problem since it is 2 semantic problem caused by the general meaning of condition.
The mind expects a precise qualifier that does not come. One feele intuitively that

this problem should not occur often and, in fact, in thig article this is the only such

gccurrence,

One of the interesting items ir. the complex index is ciystalline structure with silicon.

it is inter=sling be>nuse cross indexing leads to two additional entries — structure,
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FAZOVYE PREVRAWENI= V GLUBINAX ZEMLI
PHASE TRANSFORMATION IN GLUBINAX OF EARTH

AMORPHOUS INCREASE PROPERTY
ARRANGEMENT INDEX OF REF 1ACTION PURE
AVERAGE DENSITY INDIVIDUAL
INTERMEDIA .
INVESTIGATION REGION
CHARACTER IRON REGISTER
CHEMICAL IRON METEORITE RESEARCHER
CLOSEST PACKING ROCK
COATING ROENTGENOSPECTRAL
COESITE JOINT RUTILE
CONDITIONS
COORDINATION NUMBER
CORUNDUM LIGHT SCIEN™"
CRYSTALLINE LIMIT SERIE
CUBIC PACKING LOWER SIDE
SILICA
SILICATE
DENSE MAGNESIUM SILICON
DENSITY MANTLE SLAG
DIFFERENTIATED MATTER SPICULAR
DIFFERENTIATION MAXIMUM STAGE
DISTRIBUTION MELTING STATE
METAL STRATUM
METALLIC STRUCTURAL
EARTH METEORITE STRUCTURE
EARTH SHELL METEORITIC CRATER SULPHIDE ORE
EARTHQUAKE MIXTURE SULPHITE
ELASTIC MODEL SUPPORT
ELASTICITY MODIFICATION SURFACE
MONOXIDE SYMMETRIC
SYNTHESIS
FQURFOLD
OBSERVATION
QLIVINE TABULAR CRYSTAL
GEOLOGIST ORIGIN TEMPERATURE
GEOPHYSICS OXYGEN TETIAHEDRAL
GRADIENT THEORY
TRANSFORMATION
PACKING TRAMNSITION
HARDNE S5 PERICLASE TYPE
HETEROGENETIC PHASE
HIGH HARDNESS PHASE TRANSITION
HOMOGENEOUS PRESSURE WUSTITE
HYPOTHESIS PROCESS
ZONE
IMPURITY

Fig. 2-1 Simple Index
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AMORPHOUS SILICA
ARRANGEMENY
AVERAGE DENSITY OF LARTH

CHARACTER OF LiMIT

CHARACTER OF METAL
CHEMICALLY DIFFERENTIATED EARTH
CLOSESY PACKING

CLOSEST PACKING WITH OXYGEN
COATING

COATING, SILICATE

£O8SITE, DENSITY Of
CONDtTiONS

COMNDITIONS, STATE OF stCA IN
COORDINATION NUMI

CORUNDUM

CORUNDUM, HARDNESS WITH
EOSMOGONY, GEOPHYSICS AND

RUST
CRYSTALLINE STRUCTURE WiTH SILICON
CUBIC PACKING

DENSE MODIFICATION

DENSITY, GRADIENT OF

DEMSITY, INCREASE OF

DENSITY AND ELASTICTTY

DEMSITY OF COESITE

JENSITY OF EARTH
DIFFERENTIATION OF MATTER
DISTRIBUTION OF DENSITY IN EARTH

EARTH

EARTH, AVERAGE DENSITY OF

EARTH, CHEMICALLY DIFFERENTIATED
EARTH, DENSITY OF

EARTH, DISTRIBUTION OF DENSITY IN
EARTH, HYPOTHESIS ABOUT ORIGIN OF
EARTH, IRON (N CENTER OF

EARTH, MAANTLE OF

EARTH, MATTER OF

EARTM. SURFACE OF

EARTH, THLORY OF ORIGIN OF
CARTH IN SERIES OF ZONE

EARTM SHELL

EARTHQUAKE

ELASTIC PROPERTY OF LOWER MANTLE
ELASTICITY, DENSITY AND

FOURFOLD
FOURFOLD, SILICON IN

GEOLOGIST

GEOQPHYSICS

GEOPHYSICS AND COSMOGONY
GRADIENT OF DENSITY

HARDNESS WITH CORUNDUM
HIGH HARDNESS
HOMOGENEQUS MANTLE
HOMODGENEOUS MATTER
HYPOTHESIS

HYPOTHESIS ABOUT CHMEMICAL

HYPOTHESIS ABOUT ORIGIN OF EARTH

IMMPLRITY  IRON WiTH

INGREASE OF DENSITY

INDEX OF REFRACTION

INDIVIDUAL MONOXIDE, MIXTLRE OF
INTERMEDIATE REGION
INVESTIGATION

RON

IRON N CENTER OF EARTH

IRON METEQRITE, EXISTENCE OF
RON WiTH IMPURITY

LIGHT

LisY

LIMIT, CHARACTER OF

LOWER MANTLE, ELASTIC PROPERTY OF

LOWER MANTLE, STRUCTURAL MODEL OF

MAGNESIUM

MANTLE

MANTLE, HOMOGENEOUS

MAMTLE, MATTER OF

MANTLE, PROPERTY OF

MANTLE, RESGION IN

MANTLE, STATE OF MATTER OF

MANTLE, STRUCTLRE OF

MANTLE OF EARTH

MATTER

MATTER, DIFFERENTIATION

MATTER, HOMOGENEQUS

MATTER OF EARTH

MATTER OF MANTLE

MAXIMUM

MELTING OF SULPHIDE ORE -

METAL

METAL, CHAPACTER OF

METAL, MIXTURE OF SULPHITE AND

METALLIC IRON

METALLIC PROPERTY

METEQRITE

METEORITIC CRATER

METEORITIC CRATER, ROCK OF

MIXTURE

MIXTURE OF INDIVIDUAL MONOXIDE

MIXTURE OF SULPHITE AND METAL

MODEL

MODEL, STRUCTLRAL, OF LOWER
HMANTLE

MODIFICATION

MODIFICATION, DENSE

MODIFICATION OF SILICA

MONOXIDE

MONOXIDE OF TYPE OF PERICLASE

QBSERVATION

OLIVINE, PROPERTY OF ZONE WITH
TRANSI ION OF

OLIVINE, STRUCTURE OF

OXYGEN

OXYGEN, CLOSEST PACKING WITH

PACKING, SYMMETRIC
PERICLASE, MONOXIDE OF TYPE OF
PHASE

Fig. ?-2 Complex Index
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PHASE TRANSITION

PRESSURE

PRESSU(E AND TEMPERATURE
PROCESS

PROPERTY

PROPERTY, ELASTIC, OF LOWER MANILE

PROPERTY, METALLIC

PROPERTY OF MANTLE

PROPERTY OF ZONE WITH TRANSITION
OF OLIVINE

REGION, INTERMEDIATE
REGION TN MANGLE
REGISTER

RESEARCHER

ROCK
ROCK OF METEORITIC CRATER
RUTILE

SIDE, SUPPORT WITH
SILICA, AMORPHOUS

SILICA, MODIFICATION OF

SILICATE COATING

SILICATE STRATUM

SILICON

SILICOM, CRYSTALLINE STRUCTURE WITH
SILICON, TRANSITION OF

SIICON'IN FOURFOLD

SLAG

SPINEL, STRUCTLRE OF TYPE OF

STAGE

STATE, STRUCTLRAL

STATE OF MATTER OF MANTLE

STATE OF SILICA !N CONDITIONS
STRATUM

STRATUM, SILICATE

STRUCTURAL STATE

STRUCTURAL MODEL, OF LOWER MANTLE
STRUCTURAL TYPE

SYRUCTURE

STRUCTURE, CRYSTALLINE, WITH SILICON
STRUCTURE OF MANTLE

STRUCTURE OF OLIVINE

STRUCTLRE OF TYPE OF SPINEL

SULPHIDE GRE, MELTING OF

SULPHITE

SUPPORT WITH SIDE

SURFACE OF EARTH

SYNTHESIS

TABULAK CRYSTAL
TEMPERATURE

TEMPERATURE, PRESSURE AND
THEORY

THEORY OF ORiGIN OF EARTH
TRANSFORMATION
TRANSITION

TRANSITION OF SILICON
TYPE, STRUCTURAL

WUSTITE

ZONME
ZONE, EARTH {M SERIES OF
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crystalline, with silicon and silicon, crystalline structure with, For retrieval pur-

poses, this leads to four pointers — crystalline, crystalline structure, structure, and

silicon ~ t~ the phrase crystalline structure with silicon.

As mentioned in Ref, 2-2, articles do not appear in the index. If they oceus ina

user's input query they will be edited out.

The simple index consists of 104 distinct entries representing the 1550-word text.
Most, though not all, of the entries are single words. It should be remembered that
each word/phrase entry in the simple index represents a separate distinct entry in
the computer dictionary. Entries in the computer dictionary will be referred to as

prime items.

The complex index (Fig. 2-2) is more interesting and more meaningful. It consists of
prime items from the simple index arranged in various syntactic combinations. Ifa
prime item is a noun and cannot be syntactically combined with another prime item,
then it is listed by itself in the complex index (e. g., arrangement, corundum).

A discussion of the syntactic structures of the entries in the complex index can be
found in Section 6 of Ref, 2-2. For the purposes of this discussion, however, an
item in the complex index can be viewed as belonging to one of three categories. The
item may be 2 prime, secondary, or tertiary item. Prime itemns have been defined
already as discrete entries in the dictionary. These entries are usually nouns,
adjectives, noun phrases, and noun phrases followed by prepositional phrases. A
secondary is a noun or noun phrase preceded by at least one adjective. The noun
{or the noun nhrase) and the preceding adjectives are prime items. A tertiary is a
string of prime nouns or noun phrases, and secondaries separated by prepositions
and/or conjunctions. For example:
¢ Prime items — electron

emission

magnetic field (nour phrase)

rotating

distribution

density
earth
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& Becondary items — electron emission
rotating magnetic field

o Tertlary items — electron emission in rotating magnetic field
distribution of density in earth

Secondary and tertiary items may easily be cross indexed and a glance at the complex
index will show that this has been done.

In the introdrction it was stated that retrieval of a document could be accomplished
sccording to syntactic relatedness of terms within the document as opposed to the mere
existence of the terms themselves within the document. We can see now that it is the
secondary and tertiary items which contain the information regarding the syntactic
relatedness of various prime terms,

2.4 FILE STRUCTURE

2.4.1 Inverted File

One of the file structures which can accommodate a Boolean search is the inverted file.
In an inverted file system each document is identified by a number of descriptors,
which could be a sequence number, a title, authors, a date, source, index terms, or
some other category of descriptor. A seprrate ordered file exists for each descriptor
category to facilitate search for such a descriptor. Each of these files is called an
inverted file. For example, one file has the informatioa ordered according to authors,
another according to date, another according to index term etc. The entire f{ile need
not be examined, just those portions associated with the input descriptors.

2.4.2 Threaded Lists

A threaded list is a list whose elements may be located discontinuously at a series of
locations throughout a file, Each element of the list is associated with a pointer which

2-14

LOCKHEED PALO ALTO RESEARCH LABORATORY

I QCKHEED M SSILES & SPACE COMPANY
A GROUP DIVISION OFf LOCKHESD AIRCRAIT CORPORATION




e o e o TS e s v

IR R SR

ol AT en

TR I i e a e e e e

points to the location in the file of the succeeding element. The location pointer of the
final element of the list is filled, perhaps, with zeros or some other marker to indicate
the end of a list. Thus the phrase electron emission in rotating magnetic field i«
formed by the threaded list as shown.

100 ELECTRON
110

110 EMISSION

347
205 FIELD

00000
347 IN

743

.

455 MAGNETIC
205

743 ROTATING
455

Lists may be altered not by physically rearranging elements of the file, Lut by changing

the pointers as desired.

2-i5

LLOCKHEED PALOQ ALTO RESEARCH LABORATORY
LOCKHEED MISSSILES & SPACE COMPANY
A GRNDUP DIVISION OF LOCKHEED AINCRAFT CGRPORATION

. P - MRS ALS T

¢ s el B4 DR S R0 RE




2.4.3 File Structure of the Retrieval System

The file atructure of this retrieval system can be described as a combination of an
inverted file and a threaded list. In a previous section it was stated that an index
could be viewed as being composed of prime, secondary, and tertiary elements and
that the secondary and tertiary elements express the syntactic relatedness of prime
elemsonts.

The retrieval system operates upon four files — a prime/secondary file (PSF), a
tertiary file (TF), a document file (DF), and an index file (IF).

The PSF has an inverted file/threaded list structure. The tertiary, document, and
index files are arranged randomly. Elements of the tertiary, document, and index
filer nnd of the secondary portion of the PSF are elements of at least one threaded list,
The origin of each threaded list is one of the primary elements of the PSF. The end
of each threaded list is an element of the index file. A simplified example will clarify
this structure. Suppose the article '"Scattering of Slow Electrons by Enhanced Ion
Waves Near the Geomagnetic~Field Boundary,” by A. Eviator, has an index consisting

only of the following two items:

distribution of density in earth
electron emission in rotating magnetic field

these are tertiary items which have been constructed from the follow »ny nv e and
secondary items:

¢ Prime items — density
distribution
earth
electron
emission
magnetic field
rotating

o Secondary items — electron emisaion
rotating magmnetic field

The arrangement of the four files for this simple example is shown in Fig. 2-3.
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2.5 IBM 360 CONFIGURATION FOR RETRIEVAL SYSTEM

The detailed configuration of the data files and the details necessary for actual
programming are discussed in this subsection. Though these details have not been
worked cut completely, it is expected that they will not differ greatly from those
presented here.

This retrieval system is being dosigned to run under the LACONIQ monitor.
LACONIQ is a time-sharing system designed to implement real-time applications.
LACONIQ handles queuing, polling, chaining, and cther reai-time functions allowing
the applications designer to concentrate on the logic of his own particular application,

Figure 2-4 is a list of various field codes used to denote the files, their possible
overflows, and other information which may be required during programming.

Figure 2-5 shows a schematic diagram of the general file structure. The lower
three blocks are detailed diagrams of specific fields in the top diagram. Figure 2-6
shows an example of how the data file for the prime item energy might look.

As was mentioned in the previous subsaction, the data records will be kept on four
different files. The files are called the primary/secondary file (PSF), the tertiary
file (TF), the document file (DF), and the index file (IF). Figure 2-7 shows some of
the important characteristics of these files. The overflow files are required in case
data exceed the allowable record size.

The files are used as foliows: the prime/secondary file (PSF) is the file against
which users' descriptors are processed initially. Through Boolean operations, an
attempt is made to get as close as possible to the user's request, progressing to the
tertiary file (TF) if possible. From the information in the prime/secondary file
(PSF) and tertiary file (TF) the program is &ble to tell the user how many documents
in the document file (DF) contain his descriptors, and also tell him the number of
"higher level” descriptors, in the PSF and TF, in which each of his descriptors are

contained.

2-18

LOCKHEED PALO ALTO RESEARCH LABORATORY
O CK NECD LI N T A ) 4 S P ACE COMPANY
A GROUP DIVISION OF ([ CCAHEET AIRCRAS " CORPORATION




R P W S

FIELD CODES

HEXADECIMAL
F2 REFERENCES TO SECONDARY INDEX RECORDS
F3 REFERENCES TO TERTIARY INDEX RECORDS
C4 REFERENCES TO DOCUMENT RECORDS
C9 ITEM
FE PADDING
FD CHAIN ADDRESSES

RECORD CODES

Fl
01
F2
02
F3
03
C4
04

PRIMARY FILE

PRIMARY FILE OVERFLOW
SECONDARY FILE
SECONDARY FILE OVERFLOW
TERTIARY FILE

TERTIARY FILE OVERFLOW
DOCUMENT FILE

DOCUMENT FILE OVERFLOW

Fig. 2-4 Field and Record Codes
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BASIC LOGICAL RECORD FORMAT

NO. OF BYTES

C/F DETAIL

NQ. OF BITS

2 |: | 3 BYTES EACH | VARIABLE
T | ARBITRARY FIELD 1 | FIELD 2
Y | NUMBER OF
» | FIELD INDICES
o/7 | E
c
0
D
E
4 12
00X0 COUNT (NO. OF BYTES IN THIS

If X = 1, RECORD
IS CONTINUED

LOGICAL RECORD

FIELD INDEX DETAIL

NO. OF BYTES

FIELD DETAIL

LAST FIELD INDEX

——

1 2 1 2

FIELD DISTANCE (IN BYTES) NO. OF BYTES
IDENTIFI- ; OF FIELD FROM X'FF'}IN THIS LOGI-
CATION START OF LOGICAL CAL RECOAD

CODE RECORD

SUBFIELD 1 LAST SUBFIELD

1 VARIABLE VARIABLE

NO, OF DATA X'00' DATA

BYTES IN

SUBFIELD

Fig. 2-5 Basic Data File Structure for Nandom Access Files
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The prime/secondary f{ile (P8Fy, as its name implies, contains both prime and
secondary index items. Siuce the file is arranged ajphabetically, the prime and
gecondary items are mixed together. Also, since sscondary index {tems are
"pointed to” by prime index items, it is possible for the PS8F to point to itself.
{See Fig. 2-3.)

All four files will be located on the IBM 2311 Disk Storage Drive. Such adisk
has a maximum capacity of 7.25 million data bytes. Since LACONIQ is also
located on disc, the retrigval system will be completely disc-based.

2.6 DATA BASE

A sample data base has been prepared which will be used to check out the retrieval
systern. The data base consists of 100 physics abstracts selected from the Bulletin
of the American Physical Society, January 1966, (See Appendix B.) Of the 100
ahgtracts, the complex indexes of 50 have been keypunched. The rest, while indexed,
have not yet been keypunched.

The abstracts, it should be pointed out, are in English. The complex indexes have
been human-prepared. The procedure used to produce the indexes was to go through
each abstract and to indicate primary, secondary, and tertiary items. While the
primary items in this case do not correspend to any particular physics dictionary, as
long as consistency in indexing is observed by the indexer, the sample data base will

be an accurate simulation of a data base produced by a "'real” set of primaries.

It is interesting to note that in the computer-indexed article, 104 primaries gave rise
to 42 secondary and 43 tertiary items, while in the set of abstracts 613 primaries
produced 168 secondary and 132 tertiary items. If the proportions of the article held,
we could have expected the set of abstracts to produce around 250 secondary and
tertiary items. This discrepancy is perhaps due to the terse language one would
expect an abstract to be written in (as opposed to the original article). There are
approximately 4000 words in the set of Physics abstracts.
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In addition, sioce it is desirable ¥7-al the vetlrieval system be capable of using word
government information (Ref. 2-3). such pulierns have heen noted by the indexer and
are incorporated into the duta base,

2
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Section 3

COMPUTABLYE RELATIONS BETWEEN THE ORTHOGRAPHIC
AND PHONETIC FORMS OF ENGLISH MONOSYLLABLES”

3.1 INTRODUCTION

Carefully checked and highly accurate sets of computable relations between the ortho-
graphic forms and the corresponding phonetic forms of English words are the basis
for design of equipment such as a mechanized reader for the blind or a talking compu~
ter (Ref. 1). The former would transform into speech-like sounds, mechanically and
electronically, the information on punched paper tapes (widely used for driving lino-
types). Such relations are also a subject of intrinsic scientific and linguistic interest.

Althiough there is substantial agreement on the orthographic forms of English words,
the phonetic representations corresponding to a large number of English monosyliables
differ from one tra: scription to another (Ref. 3-1). This situaticn, partly as a result
of different dialect patterns, is inherent in the subjectivity of phonetic transcriptions
(Ref. 3-2). We do not question the phonetic representations prepared by authoritative
sources, which are indeed the best efforts of skilled individuals, nor do we ¢laim that
our computer programs supplant their decision processes in any sense. Our data
indicate, rather, that the seemingly subjective process of preparing phonetic trans-
criptions can be precisely defined by use of the phonetic information that is encoded
in the orthographic forms of words. Although phonetic information is not represented
explicitly in English orthography, as it is in phonetic scripts such as Sanskrit, suffi-
cient phonetic information is available in the orthographic forms, barring the excep-

tion words.

Since the phonetic transcription of the same corpus of words differs from one reputable
authority to the next, it ie advizal:¢ to write separately the computable relations

*Work on this task was condu..2d by B, V. Bhimani.
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between the oribographic forms and the corresponding phonetic representaticns pre-
pared by sach authority, and then to arrive ai an optimum set of rules that displays
maximum agreement in the phonetic representations of corresponding orthographic
forms. To define such an optimum set of computable re! stions also requires compari-
son of the phonetic representations of 3 specified and large set of words as  anscribed
by different authorities: such a comparison provides information on the consistent
paiterns among the phonetic representations studied, as weil as on differences in the
tracscriptions. At fivst, such 3 comparison of phonetic data may seem to be needed
primarily for the develcpment of a speech recognizer, or for certain linguistic studies
such as those relating the dialect patterns of English; but it is also recuired for ascer-
taining that the phonetic representations obtained from orthographic-form words, by
the use of computable relations, do indeed provide data which have a high degree of
sgreement with authoritative transcriptions, and that the computed phonetics represent
speech patterns with a low probability of confusion by the recipient. Such an evaluation
of phonetic data is also an aid in the selection of exception words for {ncreasing the
accuracy of the program that maps the orthographic form of words intc corresponding
phonetic representations.

The procedures which will he described nere do take into account the differences
between the dialects studied, but not the idiosyncrasies of individual speakers; it is
expected that catcusion of these techniques may permit treatment of the latter. The
computable relations between the phonetic data representing the various dialects pro-
vide & machine with an ordered set of rules which, when properly used, can reduce
the burden of storage and search for a general-purpcse speech recognizer or synthe-
sizer, as contrasted with the needs of an unordered machine which must treat each

case separately.

Such a systematic model of the relation between orthographic and phonetic forms is a
prerequisite for both mechanical recoguition and generation of speech. For the former
application, the task is the identification of acoustic characteristics with an a priori

symbolic representation; for the latter, the symbols representing the phonetic form
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of words must be transformed into corresponding and prespecified acoustic charac-
teristics. This subject is discussed in recent literature {Refs. 4-3 through 3-8},

On ihe basis of the data discussed in subsections 3-2 and 3-3, we contend that com-
patabie relations between the orthographic forms and the corresponding planetic
representations, a3 well as between the various phonetic representations that corres-
pond to any ovthographic form, oan be established for a group of symbols called
marker-vowel-marker. This group of symbole is similar to groups described pre-
vicusly on the basis of log'cal and acoustic studies of speech (Ref. 3-9). (This paper
does not present an exhaustive list of marker-vowel-marker segments or their acovs-
tic characteristics, but a method for computing such a list is presented in subsection 2.)
It is also shown in this study that the phonetic data transcribed by one authority cannot
be accurately transfoermed into that bv another authority by writing equations that map
each vowel symbo!l of one transcription into a corresponding set of vowel symbolg of
another transcription or by uguations 'hat map each set of consonant symbols of one
transcription into corresponding consonant symboi(s) of another transcription.

Whether the marker-vowel-marker group or symbols are in fact the units of spench

as produced and/or perceived by humans is a subject for other papers. This paper
discusses the evaluation of the computable relations that map into the various phonetic
representations from correspording orthographic-form English monosyllabies {defined
here as thos? words which have a single uninterrupted vowel siring in their phoretic
representation according to the Shorter Oxford Dictionary (SOX){Ref. 3~10)1. The pho-
netic representations studied are those iz five recent dictionaries (Refs. 3-10 through
3-14). In subsection 3-2 an approach i3 proposed for extending the work to polysyllable
words of English, the validity of such an extension is considered briefly in subsection
3-5. This treatment of the phonetics of English, and of the diriect patterns of the
janguage differs from that of the linguistic atlas (Rei. 3-15) in that the phonetic data

in dictionaries are used as the basic source and computable relations gre the principal
objective of this study. The computer programs discussed herein are sufficiently

general to assure conversion of new orthographic-form monosyllables (those not
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included in the present set) with a high degree of accuracy. These computable rela-
tionz require storage and operation limes which will permit them tobe runon a
medium-size, medium-speed computer with lass than 10-percent error, when com-
puted phonetics are compared with those if five dictionavies {Refs. 3-10 through 3-14).

(Exrrer rates can be reduced io the desired level by swring a set of exerption words. ;

The computer programs which generate phonetic representations of orthographic-form
words can readily be adapted o provide phonetic forms as transcribed by any qualified
linguist. This is because the entire algorithm is related to the orthographic form of
English words ard the computable relations use the marker-vowel-marker symbols,
which also establish computable relations between the various phonetic forms (Reis.
3-10 through 3-14). When the computation from the orthographic form into the
phonetic form of words is completed, the resulting data arc compared with those in
other sources (Hefs. 3-10 through 3-14). The computable relations are final only
after a detailed manual and computer-oriented check is made of the accuracy of the
resulting data.

3.2 MECHANIZED CONVERTER OF ORTHOGRAPHIC TO PHONETIC FORMS OF
WORDS

HLiustrated in Fig. 3-1 are the several functicns a computer must perform to receive
questions in the form of coded pulses and transmit its answers in the form of synthe-
sized speech. The reader is referred to recent advances in computer software that
promise to make it practical to write programs in a {reely disposable subset of a user's
natural language {Ref. 3-16), and he is assumed to be familiar with the computer
functions of scanning the input statement or question, of performing :he necessary
searcnes ond look-ups, and of formulating the answer. Since present-uay computer
output is almost exclusively orthographic, it must be transformed into appropriate
phenetic form {Oor synthesizing speech (Ref. 3-1). Similarly, input tapes which could
be used in mechanjzed readers for the blind are also available in a form suitable only
for printing. A phonetic transformation is therefore necessary for this application as
well. The phonetic forms generated by such a transformation can serve as inputs to
speech synthesizers. Several such synthesizers are discussed in the literature
(Refs. 3-3, 3-4, 3-17, 3-18, and 2-19).
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The follow: ng digcuasion of the computable reigtions betwern the orthographic and
phonetic forms of English monosylables forms the basis of & program for more
genoral application. Bpeciflically, sxtension of the tochniques for dealisg with poly-
syllabic words reqguires the developmeent of a processor for seymenting the words into
their constituent syilables (Fig. 3-2). The program intended in Fig. 3-2 is beyond
tne capability of the hyphenation algorithr 's usvd in the priating iodustry. since they
are required to fiad only sume of the syilabie breaks in any wolysyllabic word and at
timesg may indicate no such Lresks. YTor the mechamzed reader, such a syllable
break must be indicated with high accuracy, and {nformation must be provided on the
stressed syllabies in each word. A detailed discussion of thig subject is boyoend the
scope of this paper. Moreover, the reading and spelling rules svailahle in dictionaries
{Ref. 3-20) or in recent papers (Rel. 3-21) have not been checked by their proponents
by use of compuler programs operzting on exhaustive word lists and checking the
results with phonetic transcription® by more than one authoniy; hence, these rues

may be insccuyrate or ineomplete and unsuitable for programming eomputers,

An opderly development of programs for mechanized readers vequires starting with
elementary words {(Ref. 3-22) (essentially the one-syliable words of the language and
described in detail in the references), evaluating the rosulls obtained, and then extend-
ing the rules to include English monoryllables. (The distinciions between the elemen-
tary words and the monosyllables are considered in subsection 3.5.) Most of the
elementary words and some of the additional monosyllables are kernels (for example,
AC-TU-AL are three kernels in the word ACTUAL}Y, since they contain sequences of
consonant strings and vowel strings that are similar to ones ohserved In individual
syllables of polysyliable words. (Hence, elementary words are mostly kernel words
of the language.) Since polysyllabic words are simply compoundings of the consonant
strings and vowel strings that are similar to those in kernels. the ~ccuracy with which
we treat the kernel words will determine the accuracy of our work on a complete
texicon, It is also shown in subsecticn 3.5 that the wgrk with elementary words can
be readily applied tor computing the phonetic representations of Erilish manosyliables.
It is the elementary words, therefore, for which establishing of a maximum accuracy
for defining a computable set of rules is required, and the resulting phonetic data also

merit the most careful check.
36
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Svyllable Segmenter

i

Prefix + Kernel Word +. .. +Suffix

!

Switch Siress Patiern Indicaior
Prefix Kernel Suffix Prefiv/Stress Level X + Kernel
Word Word/Stress Level Y+, ..
Suffix/Stress Level 2

Fig. 3-2 Outline of Algorithm for Extension to Polysyllabic Words
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Figure 3-3 illustrates the algorithm for the elementary words of English. The {irst
siep is the breakup of the word into vowel strings and consonant strings. For this
program, the final ¥ is classified as a mavker; all other occurrences of B, as well
as the letters A, I, O, U, and Y, are classified as orthographic vowels. All the
remaining ietters of the alphabet are classified as consonants. Words starting with
vowels are classified as gtarting with a blank consonant @, and those ending in

vOwels are considered as ending in @ .
The second step resolves the consonant string ambiguities which oceur with ortho-
graphic letters C, G, S, TH, CH, etc. The algorithin for such a resolution of € and

of G is tabulated below.

Orthographic SOX Phonetic

If C is fellowed by A, O, U: & k
Otherwise: C

If G is followed by E or E: G d3_
Otherwise: G g

After these corsonant strings and vowel strings have been formed, one of the special
and novel features of our program is brought into play: these symbols are not trans-
cribed directly but arc first processed according to the rules of euphonic combination.
[These rules, described in detail elsewhere (Rei. 3-9). define the effect of each English
speech sound on each neighburing one; the referenced set is compiled specifically for
English. | Such a process provides the desired phonetic transformation without vegard
to any particular system of phonetic symbols, and it creates an intermediate repre-
sentation that is independent of any particular orthographic to phonetic transformation,
representing the kernel words as consonant-marker-vowel-marker consonant strings
(Fig. 3-3). Interpretation of the precise phonetic representation that corresponds to
each marker-vowel-marker set provides the pronunciaticn for each of these words as
given in the dictionary (Refs. 3-10 through 3-14). Needless to say, each dictionary
requires its own set of rules for interpretation of the marking system. Figure 3-4

illustrates the operation of the program for the word SPICE, and the word GRUDGE
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KERNEL WORD

i Orthographic Consonant String + Vowel String + Consonant String + Marker (E) :

Interpretation of Consonant Markers

Phonetic Consonant String + Vowel String + Phonetic Consonant String + Marker (E)

[ Rules of Euphonic Combination]

§ Consonant _ Vowel _ Vowel Vowel | Consonant
H String Marker String Marker String

i

Interpretation of Vowel Markers |

' and Consonant Markers —]

Daniel Shorter A Pronouncing Webster's American
Jones  Oxford Dictionary by Dictionary, College
Dictionary  Kenyon and 3rd Edition Dictionary
Knott

Fig. 3-3 Outline of Algorithm for Obtaining Phonetic Form From the Orthographic
Representaticn of Elementary Words
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SPICE/KERNEL WORK

Marker

SP/Consonant  + I/Vowel + C/Consonant + Marker E

- : - - g
Interpretation of Consonant Markersj

SP/Consonant + I/Vowel + S/Consonant + Marker E

Rules of Euphonic Combinatic;i

SP/Consonant + I/Vowel + Marker E + S/Consonant

{Interprctation of Vowel Markera

N

Daniel  Shorter A Pronouncing Webster's American
Jones Oxford Dictionary By Dictionary, College
Dictionary Kenyon and Knott 3rd Edition Dictionary
SPAIS SPE2IS SPAIS SPi48 NI4S
spais speis spals spis spis

Fig. 3-4 Operation of the Program for the Word SPICE
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is the subject of Fig. 3-5. Notice that the phonetic consonant string dd’{D DZ1) is
not pronounceable according to the rules of euphonic combination, and hence D is
tagged as a marker. The D/marker blocks the operation of the E on the vowel U, and
the pronunciziion of the vowel is the same as that for the words where D follows the
vowel string U, such as the word MUD.

e
i
§
i
3

A detailed listing of all the mapping rules needed to resolve each of the ambiguities
would be of limited interest here, partiy because of the unreasonably lengthy listing
but primarily because of the differences in the interpretation of markers for different
lexicographers. An illustration of the computabie rules for mapping U into corres-
ponding phonetic forms, as in transcriptions by Kenyon and Knott (Ref. 3-13), is pre-
sented in Table 3-1. Notice the functions of ¥, R, L as markers (Ref. 3-8) and the
need for logical ordering of these rules. In general, the markers must be uged in
conjunction with one another by means of a set of precedence relations. (This may be
partly responsible for the general feeling that English orthography does not present a
neat phonetic representation. }

The computable rules for mapping the orthographic forms of English words into corres-
ponding phonetic representations, as discussed herein, have been checked on an exhaus-
tive word list (the monosyllables in the SOX). The computer programs provide phonetic
representations for each of these words as recorded by five lexicographers and for

each dialect studied by them (Refs. 3-10 through 3-14). Such an examination of rules
and of phonetic data goes beyond work where a select set of words is compared with

the phonetic transcriptions by a single authority (Ref. 3-11): the merits of our
approach are obvious from the data of subsection 3.3. The rules were not checked

for accuracy with published information, some of which may warrant evaluation, but
they have been precisely stated. For example, the word SIGH can be analyzed as in

the following tabulation.

Orthographic SOX Phonetic

Initial consonant string S s
Vowel string I + af
Terminal consonant string (GH/markerJ
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GRUDGE/KFRNEL WORD
Marker

GR/Consonant String + U/Vowel DG/Consonant  String + Marker E

+
(ﬁxterpretation of Consonant Markers1

GR/Consonant String + U/Vowel + D DZ1/Consonant String + Marker

{ Rules of Euphonic Combination }

GR/Consonant String + U/Vowel + Vowel Marker D + Marker £ + DZ1/Consonant

I Interpretation of Vowel Markers |

I

Daniel  Shorter A Pronouncing Webster's American
Jones Oxford Dictionary by Dictionary, College
Dictionary Kenyon and Knott  3rd Edition Dictionary
'GRA3DZ1 GRA3DzZ1 GRASDZ1 GRE2J GRUSJ
gradz grod 3 grad 3 graj grijj

Fig. 3-5 Operation of the Program for the Word GRUDGE
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Table 3-1

PHONETIC MAPPING OF ORTHOGRAPHIC VOWEL STRING U ACCORDING

TO TRANSCRIPTIONS BY KENYON AND KNOTT (Ref. 3-8}

Orthographic Phonetic Dialect Code
If U is preciuded by J or R or L, and URE UR 101
followed by RE: IUr 102
Ua(r 103
Wa(r 104
Otherwise, U followed by RE: UR¥K JUr 101
iUr 102
Us(r 103
IUs(r 104
If U is preceded by J or Ror L and U Cons¥ {uCons ) 101
followed by a single consonant and B: IuCons 1452
Otherwise, U followed by a single U Cons { juCons 101
consonant and §: IuCons 102
Otherwise, U followed by RCons: URCons 3" Cons 101
3Cons 103
Otherwise, U followed by R: UR K 101
3(R 103
Otherwise, U: 8] A 101

A D e

e

The consonant string GH immediately following a vowel may seew like & marker of

"long vowel sounds,” but such & statement is less than 63 percent accurate; & much
higher accuracy is required of the computable relations. The accuracy of our rules
as well as that of the phopetic data studied is evalyated in the next section.

Mo

wave

[PTPRO.

Py o TR TA 2 e
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3.3 COMPARISON OF THE PHONETIC REPRESENTATIONS OF ELEMENTARY
WORDS IN FIVE DICTIONARIES

Comparisons have been made of the phonstic forms of elementary words in the five
dictionaries by using a set of four computer programs to test the data and the algorithm.
These programs ars discussed under the following headings:

A. Comparison of the phonetic data by using the 580X as the reference set
B Comparison of the phonetic data by organizing it into marker-orthographic
vowel-marker sets
C. Comparison of phonetic data organized in the terminal rhyme order of words
D. Compilations of homonyms according to the transcriptions in each of the
dictionaries studied

The principal objectives of such a comparigon are:

{1} To evaluate the accuracy of symbol-for-symbol comparison of phonetic
data

{2) To establish a computable set of relations between the various phonetic
represeniations of each word

{3) To define the smallest set of symbols over which the relations in (2)
can be established

{4) To evaluate the phonetic representations in the five dictionaries

{3} To assign a measurement criterion to the confusion that results from
the differences among the phonetic representations

{6) Tb assure high accuracy for the algorithi and for the phonetic data used

3.3.1 Comparison of Phonetic Data by Using the SOX as the Reference Set

The phonetic representations of elementary words, as in the SOX, were mapped into
corresponding ones in the other four dictionaries (Refs. 3-11 through 3-14) for this
program (Fig. 3-6). Such a mapping, while accurate [about 95 percent for data in
three of the dictionaries (Refs. 3~11 through 3-13)] and indicative of the computable
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PRORUNINCIATION OF KERNFL WORDS AS IN
THE SHORTER OXFORD DICTIONARY

Interpretations of Vowel Markers, Consonant Markers,
and Some Rules of Euphonic Combination

Daniel A Pronouncing  Webster's American

Jones Dictionary by Dictionary, College
Kenyon and 3rd Edition Dictionary
Knott

Fig. 3-6 Comparison of Phonetic Data by Using the
Phonetics in the Shorter Oxford Dictionary
as the Reference Set
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relations between the phonetics in the SOX and those in the other dictionaries, does
not establish 4 complete set of sbnultanecusty computable relations between the
phonetic representstions of each word in all five dictionaries. Problems also arise
when a word happens to have a homonym according to the 80X but not according to
one or more of the other dictionaries (Ref. 3-23). Simiiar limitations persist in
mapping the phonetic forms in one dictionary (other than the 80X) into corresponding
ones in the other fous. .

3.3.2 Comparison of the Phonetic Data by Organizing It Into Marker-Orthographic
Vowel~-Marker Sets

To compensate for the shortcomings of the test just described, the data were
organized according to the marker-orthographic vowel-marker sets as iliustrated

in Fig. 3-7. {(These were the groups of symbols that provided mapping from the
orthographic into the phonetic forms depicted in Fig. 3-3.) Column & in Fig. 3-7
contains the orthographic forms of words, and the corresponding phonetic forms

are presented in the same row of the matrix but arranged so that the data for each
dictionary occur in a specified column, as indicated at the top of the figure. The
columns numbered 2, 4, 10, 13, and 15 contain either a blank code or an asterisk;
the former indicates that the phonetic representation was manually checked with that
in the specified dictionary, and the latter indicates that the phonetics were calculated
by the computable relations but could not be checked because the dictionary did not
provide a pronunciation for the word. The orthographic form of any word is repeated
in column 8 as often as distinct phonetic entries are given for it in any dictionary;
rows starting with a specific word (as numbered next to the orthographic form in
column 8) are arranged according to the numeric order assigned to the dialect pat-
tern as specified in columns 12 and 15. (Notice that the row number in column 8 may
differ from the dialect code, as seen for row number five of LARE in Fig. 3-8 which
has a dialect code number 106.) Some dictionaries (Refs. 3-13 and 3-14) present data
on a larger number of dialect patterns than do the others studied (Refs. 3-10 through
3-12). In such cases, the entries for specific dictionary columns are left blank when
there is no phonetic entry corresponding to the specific row identified with a particular

3-16

LOCKHEED PALO ALTO RESEARCH LABORATORY

LOCKHEED mI1SSILES & SPACE COMPANY
A GEOUP DIVISION OF LOCKWEED AIBCaA21 CORPORATION




- N A S ST SO BN 740 S iy - e

AAORE THAME KOY AW g A0G ZQUIN aQT Sy DN
SEIRIIEO CWRIMLING LTS W B3 RN porotwano ondeaRoNe [N AT Wt

FAETEDIPRE VLENEWIICIE QY MY MR AIBEW PAL ¢ 1R, W BB QOO WKEIID BIIREF Y
WACAQY RFIME at WL W N Py IR g g
] f st Ty

PREEINMAY SRLALME QLIRS SRR AQ) BT PR "~

WORRIWON WIS DTSR Y - &
QU ACNEOIS THNE TEa PIOISG

- RBE

- R0Z

- o

{1) seyrenonoyg patsIoads m suopEluasaaday
neusgy 03 uspacoay pus jog IeqIe-10M0, otgduaBoyiao- aoaew aus 03 Surproooy pazuelip meq L-t 31

PIE 8, 2Mm0Qay T Slagdioan-1 - ol

PIC 8, 40Q0 , Ui (U 99 TN Bplow 01)

I S0} PORIIMKMS B | WTALNYA FIDSIVID ‘WONY PI WOLNEY ! SHIMS YION- N8 ] - PO
AL 8, 20mae U1 A1edS0IP- 1 CRIONY PUrE WDABSY U FIISTVID WMV - CO!

{0IA0GIP-Y PUw R4 0000Ip-Y ¥ ¥3) LIWROV NP

AT AIFIS J1W00UT PECIOR Nt AQ APNDRIY IPOW POIFIIMERN FT WNLIYA WY WL - Tol

ln2addaip. v pue siaddarp- y wleans) srwwotioy:

2 oy Anms Jpsaon s r) e £ Spmendeal wow peYIESPE 9% W0} RaTeasd & [ - (0]
£op0 3 VAV )0 UoLTEWE DN §

L L i1 il nes agyos

Ll LRI ot 1 eas JYYOS

Ll Moty ol il 21 MvIs

HGY) iR} {0I10%8 191 1% 1098 IMY 8 o2t folus

YoE L1 7] 01 NL-2 iuvy

241 Hoys, ot ema IHYY

301 {834 ot 1405 Jdvy

tot Y 10t it -y ayvy o824 fals
mo S |t | 0 ST | sore e | 70| T | ey | o [0 | VER oo | ]
a 8t ¥ 1 & i1 [} 6 ] LBS £ e 1 g.._._o.u

FRRN B BUDLERULY

Mo Ng UMl

CoOMPany

$PACE

3-17
.

MmtysSItES

LOCKMEED PALO ALTO RESEARCH LABORATORY

LOCKNEED
A GROUP D!YI1410M OF LOCEHEID A18CRAPT CORPORATION




2IBUON] 01 FWPIodIY pun Jag ToNaRK -1

(11} SerrvuoIdIY payiradg uy suonieuasaday

Mo d1ydesSoqrio- dasaey 9y o1 Surproasy pazuedin wieg R-€ 31

L RInBLy B sapod AP jo vonturdxs ot

r
N . | $o auvi | am { ! ﬁ
Lall B wey - 43 sen 0 IYV] Ml M
1 | eming . eot it £0 Auv1 At ! 4
4 “ c10181 . zot 230 Z0 2y - al % ;
1ot M ILHEIEH . Lot n . o I e BTN . .21 “ e
» 01 1368 o AUVH X$ m
91 agd . fot 08 » -1 10 3Yv¥d X5 . 00 rol
” i BT ) ¥po D LEL Ll P RITROL,, PO W00 #3n9voyg LEIRE . T
E3 g m pat v amsaesy | ™0 areg | oy e woluay | 9POD asy mdezn snpag | 0 e | P00 X0S
: pe
o g} " £ I 1 o1 s ' tss | » AN EREE wumgo )
i
R PRI Fury 9001%q YaprIg
Vel Ay i ot aiosrin} )

3-18

LOCKHEED PALO ALTO RESEARCH LABORATORY

COw?» ANy

32 A

[

M) SSites

L0 Ck MmEERED

CONtatl ion

COCENLED H18C Bar

A GECCSf DIVISIOGN OF




Radteisilioiiat . }

T 4 SRR B TR

dislect pattern number. {Dialest code 101 identified the prevalent prouuncistion in
the United States for the American dictionaries (Refs. 3-12 through 3-14), while it
represents British proausciation patterns in the SOX and tu Jones {Hef, 3-11}}.

Such an arrangemsat of phonetic dala io rows and columns creates a pattern of
phonetic vowels and consonants, orthographic vowels and eonsonants, and blank
spaces for each of the words {Fig. 3-7). Consistent portions of such patterns for

a word can be compared with those of another word in the saupe marker-orthographic
vowel-marker group (Figs. 3-7 and 3-8). When such pafterns agree with a majority
of the word entries in the class of words being compared, these words are considered
algorithmic and the above-menrtivned pattern for such words {s thus defined. When-
ever the pattern of entries for a word differs from the algorithmic one, each of the
graphic entries for this word is tagged with a code in columns numbered 5, 6, and 7
as illustrated in Fig. 3-8; algorithmic words do not receive such codes. The code
1W+ adjoining the word LARE, for example, indicates that all the pronunciations
computed by the algorithm agree with those in the source dictionaries, but Webster's
{Ref, 3-14) provides pronunciation(s) for this word in addition to the computed set cor-
responding to it. The code 5X adjoining the word GARE indicates that all {ive of

these dictionaries contain phonetic forras that do not agree with those provided by the
algorithm. By use of such & data comparison program, the algorithm is made to
represent the phonetic data as accurately as possible. The principal changes in the
algorithm and in the phonetic data resulted from the modification in the interpretation
of the marking system such that the pronunciation of words with * codes (indicating that
the computed pronuncistion could not be checked in the dictionary} in any one of the
dictionary entries could be made to correspond to those in one or more of the other
four which carries & blank code (indicating that the phonetics were actually checked)
according to computable rules developed for mapping phoaetics in one dictionary into
that for another, thus minimizing the dependence of the algorithm on any one dictionary
datum without excluding or passing judgment on actual data provided by any of the
authorities.
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Statistics on the codes introduced {(columns 5, 6, and 7 in Fig. 3-8) by comparison

of the phonetic forms, after making the above-mentioned corrections, are presented
in Figs. 3-9 and 3-10. Note that the disagreement among the phonetic representa-
tiona is not limited to the vowel sounds but that several consonants are also repre-
seniated differently by different dictionaries. Some of these differences are indeed
minor ones; e.g., Kenyon and Knott (Ref. 2-13) map the orthographic O in words such
as GNOFF ard KOF¥Fas 0 , 2 , 0 , respectively, whereas the same orthographic
letter in DOFF is represented ags ¢ , © , 5 without a specific indication of ©
representing the "eastern pronunciation.” Another such situation is the omission of
dialectal representations marked with - codes (e.g., 1W-} in column 7 of data
arganized according to the illustration in Fig. 3-8 and grouped accordingly in Fig. 3-9.
For example, Wehster's provides orly "R Dropper" pronunciation for the word KERB,
a word commonly used in Great Britain, but no entries are provided for the "General
American Dialect(s}."" (This word is among those counted as 1W- in Fig. 3-9.)
Moreover, dictionaries provide occasional additional pronunciations (see discussion
of LARE in Fig. 3-8) and these are grouped 1+, 2+, etc., in Figs. 3-9 and 3-10.
Some words are in error because the algorithm for separating elementary words
passes occasional polysyllabic ones, such as CAFE; these are identified by a P code
in cclumn 7 of the organized data (as in Fig. 3-8). Such errors should not be strictly
counted against a general-purpcse algorithm, and it is debatable whether the algorithm
should match singular cases where only one dictionary disagrees with the computed
phonetic representations Such situations account for over 65 percent of the errors,
as summarized in Figs. 3-9 and 3-10. (Excluding such singularities, the algorithm
provides the phonetic transcriptions of all the words according to the corresponding
representations in each of the five dictionaries for every dialect recorded therein

with over 90-percent accuracy. Mapping the orthographic forms into any single
specified transcription shows higher accuracy.)

3.3.3 Comparison of Phonetic Data Organized in the Terminal Rhyme Order of Words

The phonetic Jata were organized in the terminal rhyme order in & selected dictionary,
as illustrated in Fig. 3-11 for the Jones dictionary (Ref. 3-11). Another portion of these
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data from the same phonetic source and for the rame phonetic vowel is presented in
Fig. 3-12. Notice the differences in the mapping of the vowel in the four other dic-
tioparies in these two figures. Such a test was repeated for each phonetic vowel

data entry in each of the five dictionaries. The differences in the patterns of entries
peint out clearly the inaccuracy inherent in establishing a computable vowel-for-vowel
relation betweer different dictionary entries. The inaccuracy in establishing &
consonant-for-consonant rejation is obvious {rom the discussions of Figs. 3-9 and 3-10.
It can be stated that establishment of a precise relation between the phonstic forms
given in five dictionaries requires the sdopiion of a set of symbols that is larger than
a consonant string alone or a vowel string by itself {and it is not the set of syllabic
nuclei as defined in recent literature (Refs. 3-5 through 3-8)]. Further study of the
data indicates that such a relation can be zstablished on a marker~phonetic vowel -
marker string (as was the case for mapping the orthographic forms into phonetic
representations). The group of phonetic symbols over which a computable relation
can be established accurately is like the segments described previously on the basis
of phonetic and acoustic studies of speech (Ref. 3-9). Such an agreement may indicate
that the perceived, and possibly the produced, characteristics of vowel sounds are
determined by the adjoining markers in a predictable — and indeed a mechanically
calculable — manner. This goes beyond results such as the concept of allophones
{Ref. 3~-14) or of cues between consonants and vowels (Refs. 3-3 and 3-4), by defining
the precise conditions for the different speech sound representations of any word.

3.3.4 Compilation of Homonyms According to the Transcriptions in Each of the
Dictionaries Studied

In spite of the observed differences in the phonetic representaticns of elementary
words, there remains the crucial tert of whether they cause confusion in voice ~om-
munication. Evaluation of this aspect calls for compilation of homonyms in these
dictionaries (Kef. 3-23). A homonym set was defined as a set of different ortho-
graphic forms having an identical phonetic transcription according to any one diction-
ary of the five studied (Refs. 3-10 through 3-14). Any member of 2 homonym set was
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called a homonym. Since each dictionary uses its own phonetic symbols, homonyms
were compiled separately for each dictionary and all the elementary words were con-
sidered for this purpose. Pronuncistions for words not inciuded in & specific dic-
tionary were generated by algorithm and checked carefully for correspondence with
phonetic data for that particular word in other dictionaries. (See discussion of

Figs. 3-7 and 3-8.) These homonym entries were identified with respect to diction-
ary and dialect patterns and the words displayed in alpbabetical order (Fig. 3~13).

It is readily evident that certain words are homonyms in some dictionaries but not

in all of them, whereas others are homonyms in all dictionaries.

A statistical summary of the homonyms, among the 5757 elementary words, is
presented in Fig. 3-14. Notice the large number of homonyms &pd the marked dis-
agreement among the different lexicographers. Some normalization was performed
on the data by removing dialectal pronunciations {the eastern and southern dialect
patterns in the UJ.S., codes 103, 104, 105; all extreme dialects, code 200+) from

the transcriptions as in Webster's and those in Kenyon and Knott. in spite of such
normalization, there remains & marked disagreement among these transcriptions.

(It may be observed that variations in dialects do not add significantly to the homonyms
according to Kenyon and Knott.} Information was also compiled on the number of sats
of two~word homonyms, three-word homonyms, etc., presented {n Fig. 3-15. (Notice
the 10 to 1 scale change between sets of three and sets of four.) Table 3-2 provides
additional statistical information on the extent of disagreement among dictionary
transcriptions, confirming the need for more precise representation of speech, as
mertioned in the introduction.

One could object at this point that the dictionaries contiin a large number of obsolete
words and ones that are very infrequently used in everyday conversation. However,
the decision to limit the set of words requires very careful consideration since the
purpose of this study is a general-purpose system for mechanized readers, etc.
Moreover the marker-orthographic vowel-marker groups studied here, while perhaps
infrequent in elementary word sets, are found much more often &8 constituent parts
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Table 3-2

STATISTICAL SUMMARY OF WORDS INVOLVED IN HOMONYM 8k1s,
SHOWING THE EFFECT OF DIALECT REMOVAL

No. of Words in the Set
Set Description

With Digiects Without Dislects
Total Set —
Words forming a homonym according
to a¢ least ope dictionary 2966 2714
Words forming a homonym according 746 536
to exactly one diciionary
Words forming a homonym &according 236 214
to exactly two dictionaries
Words forming a homonym according 189 184
to exactly three dictionaries
Words forming a homonym according 280 297
to exactly four dictionaries
Words forming @ homonym according =
to all dictionaries 1305 1484

——

of polysyllabic words (Fig. 3-2) and none of these groups can be overlooked. For
example, the word MOIRE is not included in the Thorndike-Lorge list {Ref. 3-2§).
However, the rules for mapping it &re ldentical to those required for the second
syllable of MEMOIR and the latter words appears in the referenced list (Ref. 3-25).

To evaluate the effect of the rarity of use of certain words, we incorporated into

our phonetic dictionaries information about the status of each word and its parts of
speech as in the SOX and in Webster's. These entries are explained in detail else-
where (Refs. 3-26 and 3-27). With the inclusion of such information, it becomes possi-
ble to limit the word list to those words that have a standard meaning according to
both SOX and Webster's, thus defining words in current usage for this discusaion.

The statistics on sets of homonyms compiled from the word set so defined (Fig. 3-16)
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Fig. 3-16 Graphic Representation of the Number of Homonym Sets Among the Double
Standard Elementary Words in Five Dictionaries
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were found to some extent to resemble the distribution presented for the entire set
{Fig. 3-15), but their total number was reduced approximately in proportien o the
reduction in the aumber of words.

2.3.5 Comments

The results of homonym studies along with those of the second (subsection 3.3.2) and
third (subsection 3.3.3) tests indicate the limitations of the symbolic representations
of speech in the five dictionaries (Refs. 3-10 through 3-14). These tests also indicate
the extent to which confusion exists in agsociating the orthographic and the phonetic
forms of words, Tests one (subsection 3. 3. 1} and two (subsection 3. 3. 2) do establish
the high accuracy of the computable relations for mapping the phonetics in one dic-~
tionary into that in another (Fig. 3-6), as well as of those that map the orthographic
forms of words into corresponding phonetic representations (Fig. 3-3). Both of these
sets of relations use the groups of symbols calied marker-vowel-marxer. The first
test demonstrates the inadequacy of the symbol-for-symbol comparison of phonetic
data, and the situation is confirmed by the results of the third test (subsection 3. 3.3},

The phonetic data studied for this paper may seemn to indicate that dictionary makers
have not provided as precise a set of phonetic representations as desirable. However,
such a8 conclusion is not warranted in light of five aspects discussed previously and
recalled next along with additional *~<t data.

(1) An algorithm capabie of computing phe:-etic forms of words from ortho-
graphic input has been demonstrated (Fig. "~3). This i8 true for each
of the five dictionaries studied.

{2) An algorithm has also demonstrated the computability of the phonetic
representations in four dictionaries (Refs. 3-11 through 3-14) given the
phonetics in the SOX as input (Fig. 3-6).

{3) A pattern. ! pronunciations can be established for each of the marker-
vowel-marker groups of symbols (Figs. 3-7 through 3-10).
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Although it {5 not possible to establish & symbol-for-symbol transforma-
tion between the phonetic reprasentations in one dictionary and those in

the remaining four (Figs. 3-11 and 3-12), such 2 symbclic representation
would require a phonetician's decision at the tiine of preparation of phonetic
data (Refs. 3-Z and 3-13). Although a more uniform representation may be
desired, it may be the mechanism of speech perception, as we!l as that of
speech production, that leads to an order® modification of speech sounds
{(Ref., 3-9). (The interpretation of the iinguistic aspects of this study, such
as the "grapheme to phoneme" relativns, the definiticns of "'phonemes,”

or the "'sound changes" in the language, are beyond the scope of this paper.)
It i8 doubtful, on the busis of data presented here, that a uniform symbolic
notation can be provided for even the most well-defined dialects of English.
The transcriptions in SOX and in the Jones dictionary result in 8 25-percent
difference in the number of homonyms. (About 10 percent of the words
have different phonetic transcriptions.) Both of these represent speech
patterns in the land of Professor Higgins (Ref. 3-28).

The group of symbols over which one can establish an accurate algorithmic
relation for mapping the orthographic form of words into their corresponding
phonetic representations are similar to those required for establishing
computable relations between the phonetic data. These groups of symbols
also agree with ones described on the basis of studies of the mechanism of

speech production and the acoustic characteristics of speech (Ref. 3-9).

An additional check on the accuracy of the phonetic data and of the computable rela-
tions was to compile homonyms from only those words that were algorithmic (those
with blank codes in columas 5, 6, and 7 of Fig. 3-8). These data (Fig. 3-17) show
a marked agrecement among the iranscriptions studied (compare with Fig. 3-15).

Based on the preceding discussion, ore can aim to provide a set of computable rela-
tions that can map the orthographic form of woids into corresponding phonetic repre-

sentations as specified by one or more oi the authorities, and the resulting phonetic
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datr can be expected to b highly accurate and useful for the operation of a mechanized
reader. The high accuracy of the computations can be enhanced by incorporating
certain exce. ! v v rds, This subject is discussed next.

3.4 SELECTION OF EXCEPTION WURDS

An exception wortd is defined as one for which the phonetic representations as com-
puted by the rules do not agree precisely with those in each of the dictionaries
{Refs. 3-10 through 3-14) for phonetic data on all the dialect and speech patterns
of the language. When the algorithm is limited to providing representations in a
specific phonetic transcription, an exception word is one for which the computed
representations differ from the corresponding phonetic data in the authoritative
source,

A set of exception words must be added to the prograa such that their phonetic
representations can be obtained by look-up rather than by computation. Such a
requirement increases the storage required and decreases the speed of operation
of the program; hence, words o be included in the set of exception words must be
selected with care.

It is indeed mandatory to include words such as ARE for which the algorithm is in
error according to each of the five dictionaries und which is indeed an important
structure word of the language. The decirion may be different in the case of words
that are obsolete or of little interest (hut care must be taken in this decision as dis-
cussed for the word MOIRE, which will be considered again later). Moreover, it is
necessary to decide on the pronunciation of words for which there is disagreement
among the transcriptions (Figs. 3-8 through 3-10). The coding of words in our
phonetic dictionary {columng 5, 6, and 7 in Fig. 3-8) and the incotporation of data

on the dictionary status of words as well as their parts of speech (Refs. 3-26 and 3-27)
makes it possible to specify the types of vords one wishes to include in the class of
exception words and to check the words for which questions arise, thus making the
program flexible for the definition of phonetics of elementary words. Six generalized

classifications of exception words are described next.
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The first group contains words such as ARE for which the transcriptions in ail five
dictionaries do not agree with the computed values, and the method for making
decisions about thege is mentioned in the above paragraph.

The second group of words is that for which only one or two dictionaries disagree
with the computed values, as discussed in subsection 3.3 for the words GNOFF,

KOFF, DOFF, and KERB as well as those classgified as 1, 1+, or 1- in Fig. 3-9.
The inclusion of some such words seems justified only in special cases, and most

e e drosr s R SR ik SR SRR R R R AR T O

of these represent minor problems as mentioned previously.

The third group of exception words represents inaccuracies in the algorithm that
separates the elementary words from the total dictionary, resulting in polysyllabic
forms. Some commonly used words (e.g., CAFE) merit inclusior in this category,
but with the stipulation that they will not be effective when the algorithm operates on
individual syllables of polysyllabic words. The obsolete words in this group may be
ignored for most applications.

The fourth group contains words that require more than one rule for their mapping.
These are not really exception words, but they may improve the efficiency of the
algorithm. An example of such words as MOIRE, which calls for inclusionof a w
sound between the first consonant and the vowel string. Such occurrences tend fo
repeat in polysyllables, as evident in the pronunciation of MEMOIR.

The fifth group contains words that have multiple phonetic representations for the
same orthographic form, such as HOUSE and BOW. Such cases may be resolved

only in context or by use of parts of speech information, a subject which is beyond
the scope of this paper.

The sixth group contains singular words that do not fit & general pronunciation
pattern, such as the differences in the pronuncialion of LASS and BRASS in the SOX.
Some of these words are singular in one or mose dictionaries (as presented in
Figs. 3-9 and 3-10), and some such as CHEF and CHERE retain their foreign
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promunciation. The decision on inclusion of theae is a matter of preference by the
computer programmeyr or the specifying linguist or by both of these parties.

With the use of codes (columns 5, 6, and 7 of Fig. 3-8) and the information on the
status of words {Refs. 3-26 and 3-27) the precise criteria for the program can be
specified. The data in Figs. 3-9 and 3-10 also aid in evaluation of the accuracy of

& resulting program when the criteria have been decided upon. Should one wish to
work with phonetic data that are different from the set studied, it may be possible

to focus attention on words that are known to have disagreements with the present
algorithm, hence making it possible for the programmer to ask the consulting linguist
about phonetic representations of a specific st of words. With such information and
the coded phonetic dictionary as aids, programs can be writien to meet the exacting
requirements of many groups without sacrificing unduly the operaticg efficiency of a
program by inclusion of an unnecessarily large number of exception words, or the
accuracy of the program by not incorporating the correct and complete set of rules
and the requisite set of exception words.

3.5 EXTENSION OF THE PROGRAM TO INCLUDE MONOSYLLABLES

The English monosyllables contain all the elementary words of the language; most

of their plural formns (obtained by the addition of ES) and past (ense or adjectival
forms (as obtained by the addition of ED); words ending in CUE, GUE, QUE, GNE,
DME, etc., which have characieristics that are similar to those of elementary words;
common words such as HE, SHE, ME, etc., grouped into a zero vowel category
because the final E is tagged as a marker (Fig. 3-3); the letters of the alphabet by
themselves,; and words such as TABLE, BOTTLE, and their plural and adjectival
forms, etc. The last of these sets of words is polysyllabic according to most dic-
tionaries, but these words contain a single intexrupted phonetic vowel string according
to the SOX.
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For extension of the algorithm to include the sbove-mentioned words, it was neceasary
to implement a portion of the program illustrated in Fig. 3-2 io saparate the appro-
priate ES and ED endings, etc. (Fig. 3-18). The E in these endings was treated as

a marker (¥), and the algorithm for the elementary wordis was used for computing

the phonetic forms of words. The words ending in CUE, GUE, ete., required a minor
modification of the algorithm; namely, the U had to be treated as 5 marker that blocked
the operation of . Words such as HE, ME, and SHE were mapped by f{irat adding ¥
to their orthographic form and then computing the phonetic representations. The
letters of the alphabet required a special set of rules. Most of the vowels (A. ¥, 1, O

U) could be mapped by adding an ¥ te their orthographic form; consonants such as

Z, B, C, and D required the addition of EF to their orthographic form; some conso-
rantg such as F and H required (E consonant) representation in their orthographic
form; and so forth. The pronunciation of words such as TABLE and BOTTLE was
computed by permitting the ¥ to operate as a vowel marker across a (single

consonant + L) group only.

By incorporating modifications such as those mentioned above, the revised algorithm
was used for computing the pronunciations of English monosyllables. The second
test, described in subsection 3.3. 2, was applied to the completed data for just those
monosyllables that were not in the set of elementary words. The results of these
{eats are summarized in Figs. 3-13 through 3-22. Notice that the test results are
grouped for monosyllables (Figs. 3-19 and 3-20) which can be compared with data in
Figs. 3-9 and 3-10; for occurrences of polysyllabic pronunciations for words ending
in ES (Fig. 3-21); and for words ending in ED (Fig. 3~22). Notice also the lack of
agreement among the lexicographers about the polysyllabic pronuncation of words
ending in ES and ED, which makes it difficult to specify a simple algorithm. However,
this subject concerns polysyllabic words and hence is beyond the scope of this paper.

Comparing the data in Figs. 3-19 and 3-20 with the data 1n Figs. 3-9 and 3-10, and
considering that the number of words in the former case is smaller than that in the
latter, one can conclude that the algorithm is just as accurate on the added set of
words as it was for the elementary words (for which computable relations were
defined).
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Fig. 3-18 Modification of the Program To Include the English Monosyllables
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The properly corrected (by procedures described in subsection 3. 3. 2) phonetic data
on the English monosyllables were used for compiling new and complete sets of
homonyms (as described in subsection 3,3.4). The dats are presented in Fig. 3-23.
Notice the limited effect of the addition of words to the 5757 elementary words,

{See Fig. 3-15.)

The results of computation of phonetic forms of additional words indicate that the
computable relations described for elementary words can indeed be exteanded, and
the accuracy obtained with the new set of words is at least as high as that for the
elementary words, Moreover, the number of and distribution of sets of homonyms
are not altered significantly by the additionof words to the elementary word set. The
phonetic systems and the computable relations, as discussed in this paper, remain
highly accurate and suitable for working with polysyllabic words.

3.6 SUMMARY AND CONCLUSIONS

We have discussed the existence and accuracy of relations between the orthographic
forms of English monosyllables and their corresponding phonetic representations for
the various dialects and transcriptions (Refs. 3-10 through 3-14) as weli as those
between the various phonetic representations that correspond to any of these ortho-
graphic forms and as transcribed by five lexicographers (Refs. 3-10 through 3-14}.
The description starts with the computable relation for the set of elementary words
and extends their applicability to English monosyliahles.

Some of the difficulties in determining the phonetic representations of corresponding
orthogruphic forms and the disagreements among lexicographers on such representa-
tions are discussed. Limitations to the specification (in a technical paper) of a set
of rules that map the orthographic form of English words into corresponding phonetic
representation are indicated; a more general method for computing such relations is
described and evaluated; different types of errors are studied; and an approach is
presented for the selection of exception words by use of codes incorporated in the
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Fig. 3-23 Graphic Representation of the Number of Homonym Sets Among the English
Monosyliables in Five Dictionaries. Total of 6904 words represented
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unique phonetic dictionary {Fig. 3-8, and data on status of words, Refs, 3-26 and

3-~27). The exception words are used for increasing the accuracy of computations,
and the coded information is used for increasing the efficiency of the slgorithm by

proper selection of exception words,

The smallest group of symbels (called marker-vowel-marker) over which the com-
putable relations between the orthorgraphic and the corresponding phonetic forms

of English monosyliables can be established is mentjoned and evaluated. Comparison
of data for such a group of symbols is shown to provide an accurate set of computable
relations for mapping the orthographic forms of wordg into corresponding phonetic
representations, as well as to provide an accurate set of computable relations between
the various phonetic representations studied (Refs. 3~10 through 3~14).

Evaluation of the phonetic data indicates a marked disagreement in the symbol-for-
symbol relation hetween the various phonetic transcriptions. The confusions that
result from such discrepancies are evaluated by a compilation of homonyms. An
evaluation is made of the exte..t to which such confusion can be attributed to differences
in regional pronunciation patterns and also the extent to which the confusion can be
reduced by restricting the number of words as either double standard in their syntactic
status {(Refs. 3-26 and 3-27) or algorithmic in their phonetic status,

This entire treatment is aimed at computer programmers and engineers; hence,

an operational point of view is taken throughout. This may differ from some linguistic
approaches and concepts, but consideration of these is beyond the scope of this paper.
T+is work describes the computable relations between the orthographic and the phonetic
forms cf English; it provides a computable definition of the dial :ct patterns studied;

and it defines the group of symbols, called marker-vowel-marker, for which ortho-
graphic ard phonetic forms can be related as well as ones for which phonetic data can
be accurately compared and related. Thus, it describes the computer programs and
definitions of phonetics of English words for use with speech recognition equipment

and for machines that can read English.
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®A30BLIE [IPEBPAIIEHUA
B I'NNIYBUHAX 3EMJU

Joctiokepiia  Mexankkz =®  JuaEkE B
XVII-~XVII Br. noasosnau sgpofesinyn uac-
€y M tpepuwid uxotuocth Jemas. Hocaouuas
oxasunace pasroff 5.5 elead. A vax nv oo
LOCTE UBKOLR0E TAKOLIX HOPOX HA UOBEPXMO-
et Jemasu ue npessimaer 3,3 /ca’, ToO,
CCTOCTHONIG, BOANUKAC NDPRACTABASLHE, TTO
BAUTHOCTL JOMAR  YBoARYuUBGOTCA ¢ raylu-
noi.

thuktid CYIOCTBORALUMA IHCNE3ULX METCO-
PLHTOB, 0 TWIOKE B UPOULIOM BONYAADKAH TCOPUH
nponcxongonny JoMit B3 rOPAYEro BemieCTBa
Connua npUBOAM MROTUX YROMLX K MLICHL O
KORUONTPARLY »eneda B wentpe 3esmn. Hpa-
MEYATOALHO, HUTO YK BUOALO OHDejleieHiiLe
paicKadunauun ¢pannyackoro recaora A. oG-
poln 1866 r, o aencauou aapo eman scxope
Hoay" it DORACPKKY CO CTOPOUN celicuonoron,
roropum B kKoune XIX n sHavaxme XX .
YROAOCH  YCTRUOBNTL HANKMUe B J3ee
sjpa.

B 20-x ropax Texymero croaerun B. M.
Toavammugr (Liopvorua) u memeuxnii dmauico-
xiunk I, Taunan padoiuse npeacTabienie o
TOM, NWTO ¥ UCPBOMAMAALUO paciiabaennol
3owiio mpoucxojusv paspeacuite (nudpopen-
uuaLMH) BOWOCTR IO MX DAOTHUCTH, auANOruy-
HO TUMY, YTO ML MAIGOM, HUUPHMCP, HPH RAAB-
Ko cynudwnux pys. lpu arom npouecce uo-
RMIROTCH THU CJlos: Wtak (CHanKathidd caoi),
wreite (cMech cyandigion i Metada) M cobe
croouuo Metana. Cernmacuo uruil rusorese, »
Jomae suACARANCE CICAYWOWIME CAOH! CHANKAT-
wuli ¥ cyanduuuid (oGonouka 3ewnu) u  me-
TAAAMMOCH UL, CuCTOHMULT U3 IKedcsn ¢ Opu-
MOCLIO BuRean (napo Jesan),

A-2

AmeprKanckus ygeuue O, Kaapk, I', Bamuur-
tou, J1. Ajanc M Ap. he Bupenaas cyAsdHA~
Bui cHOK; OHH HOAArAZM, YTO MOMAY MEXes-
vuM AfgpoM u cuaMxatucd obomouxcd maxo-
AUTCA DpoXexyTounan olAacTh, cocrosImas X3
CMECH CHAHKATOR M kOR03A. )

Teopua caoucroit, xauuvecku aAuddepen-
Hupopaunof 3emil, BO MIUOTOM LOAKpeuAd-
A4Ch AALUMMH CEHCMONOToB, KOTODWO BOPBO~
LATaABUO CUMTAAM, 3TO B MauTuu {(oGoncuKo)
doemau,T. 6. B TOf 66 94CTH, KOTODAS POCLQJIO~
Wela Memay 3Iemuol xopoli ™ AapoOM, cymne-
CTBYQT MHOrO TPRHHIl PAISIS.

B nagpueiigien yenexy reodanin i Koesios
TOHI, CBH3altle FiiatLia UG])B:)OM C HMua~

Pue, 1.] Jouu » Jemas mo K. Byssny
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Pue. 8. Hascruguarsit xpucrans monoil §asid {Muupofororpadun}

uu anrauvaunus I'. xepdpuca, vouna B. I'y-
Toubepra, nososemasaua H. Byaasus, coser-
cxoro yweuoro O, JO. liwuara, auepukanua
1. Hoiizepa & ap., 3acTaRRAN BHOCTR cyuio-
CcTBelillie KOPPOKTMBN B 3TH JPONCTABACUMA.
Burait yrowionl KOAHYSCYRO M X2PAKTED TPRHML
paspena B Jerne, Haywenn yupyrie CBORCTES
oo rayGun, DORYNelU fauiLie O PACODEACTHOLNN
uaoruocTy B 3emxe. Opuospososuo B cnere
HOBWX PHUOTE3 O UPOMCXOMAGUIM Jomxa W
coilodboll CHCTOMI APTYMONTM A HNOAR3Y OI-
penno-miKoll  cragus 3 paseurusd Jouam
nutepnai coue cuay, leoxuundgeckue uaGawo-
ACHMA TIKIKG MARO COrNBCOBANMCE € nped-
cTamaeHucM  ©  MeHOrAz  pacpaasXennoi
Jdenae. '

Obofuus pe3yaLTaTii MHOTHX MCCXEACEBA-
sonvii, 1{. Byanou supoana s Somae pag sou,
OTANYUKINMXCA APYT uT APYTa HO ¢uanvecKiM
couiictoan (puc. 1). Orasasocs, 4wro yupyrue
cpoiictsn odOVIOUKN (ManTiun) JoMAH TaKOW,
NTO CYALPIIW TAMOAIX MOTAIXOB MAN Me-
TRAAMYLCKUL IHOMEIO HE MOTYT MAXOAMTLCH B
uell ¥ 3aMeTulX Koausecrsax. Ouuaxo upon-
HONOIKOUNY PUINRCCKH M XNMUYOCKE OAHOPOA-
uokt (romorcunoil) cuiruxarioil, mpenuywect-
BOUNO CAuUBUIOBOI ), MauTHU JeMmau BcTyREer
B NPOTHBOPENN® ¢ MABBCTUNMH ToOfNIUNCCKN-

b Oausuy — cnaumar marnus u weac3s (MgFe);:
-8i0,. .

M xaunsun, ORasanocs,
wro » aous «Ce pesm0
BOVPACTSLTY cROPOCTS Colk-
CMNYOCKUX BOAN  (cM.
puc. 1) u pacrey anexy-
pogposonnocts. Ha 20-
uy oCv DPAXUARTICE MaKe
cumyuraybonoorycHux
sounoTprcennii. Npoanc-
AoALALNE O rosmoresiod
MNTEN UPNWOART K ile-
Bepoatuo GoRLIBUMY MO-
MeuTy  HueDHMUET  g3Da.
TNoorony K. Byaxeu Gux
KL YIRABH npeanolao-
#iTh, 9T0 BHYTPM 308K
«Cs TanX® peakc ywedu-
YULAETCH IPAJMORT JA0T-

HUCTH. )
Emoe s 1038 r..m»-
BOCTUR auradiicnui

yuouuit Luc. Bopuax nu-
tazca  ofaAcuuTE  aHO~
MANBEMG CROICTBR BOHE
«C» nepexogoM ocANBE-
na 8 Gonee DAOTRYI0 MOZNPEXATINIG, NMEIOMYI
crpyxrypy runa mmmpexs. Crpyxrypuutii ran
woMueau mnpeacrasaser colok nxoruekmysn
KyOuiecky® yOaxoBKY EOHOB  Xucaopoaa
¢ KeTHOHAMM, DACHOXATAOMMMNCE B OKTa~
PMYECKRX N TeTDAIPEYCCHMX  DOROME-
HEHX.

selimell ynmaxosxod, 20 CHALHO MCRLNEHA &
RoTuNY BopexoR B GOXes CMMMOTPRARYN YOa-
KOBKY muMueaX GYRST COUPOBOMKATRCA YBe-
AMMOLITOM BXOCTHOCTH.

B uactoduce BpoMs noaydeus UekoTopus
HOTHOMMEG ROKAJSTOALCTRA BONMOMCHOCTE BO-
nobiuoro mepoxoza. Jta rENOTSZA, XOTR K e
MOdieT ROBUOCTHI0 OGBRCHNTM BCe ocobeuio-
CTH CTPORLUA MANTMN, HO TOM Mé Molie¢ 08
JUAHOLID JAKAWYAGTCA B TOM, W10 Ona 8oaly-
aaa Guininoit muvepec X npobaeme duauvuc
KOF¢ MIMOIOHMR COCTOREMS BOIECTRA MAUTHM
hopt jiviicTuMes RasActiMA. '

" Amepuxauckuit reopmaux O. DLopw, ne-
Taaslio ' yuusmull caolicrsa ManTMu, upsiuos
X suboay, wrO, DO Beoll BOPOATHOCTM, ORMM-
cTuounvii uocoAuopopiiol (reveporeunoil) ob-
140700 B MauTUK gpaserca soua «Cy, ¥ xuTOpolk
MUHUO OKMAATE GMINWOCKNX M XMMMHOCKMX
wamononuil. Orucrpomonio um GUAO HOKKIULO,
4TO ympyruo csolicTea MiHel MauvuM' uau
oun e¢f)s caumuKoM BMCOKH jau OGMMHMX CU-
AMKETOB € KpeMiMes B NeTBOpuofl Koopuunu-
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any |, 1O INOARS COOTRITCTRYROT NiOT-
HUYRAROBMINHAM OKHCAAM TRUA LEDH-
ssean MgO, pymna TiOg x xopywia
ALO,. la atom ocuosaumu . Bepu
upoAosomalt, yro B aone «Cs  npo-
UCXOHMT popecTpodia  Jepposmurnv-
IHOALELX CMAMKATOR P HJOTHC yHua-
ROSRUNLO CTPYRTYPU HDOCTHE R CHAOK-
HIX  oRHCHUR.

{'unoreas B, Lepun Tpebyet nopoexo-
An Kpeumuus ua wersepuoll woupgiua-
HUL B BIDCTEPHYD, T. 6. TaKoe Dac-
e, TREe  BOKDYr  HpeMmuud
PUCHOAATBETCH HICCYh BTOMOB KCHO-
peaita. Oguako BOIMOKBOCTE N0A0010r0 HIMOLE -
HIHE KOOPHUMANMY Y KPOMERE Hodboprajach Co-
suviin, 13 cuwuau ¢ Buineckazaunis, tasa,
CHBNBCTHO © NaYunuwat corpypunkom Hucrtaryta
dutanin pucorux gastonuid AH CCCP C. B, ilp-
ssupoit, GuAR HOCTaBACHL CUMTU Lo N3YHou Mo
COCTURUUA KPOMECIEMA B YCAODUAX CHOPXBLICO-
KUX flasaouitl # BMCORKNX Temucparyp. Pa-
Guta BPOBONNTNCH WP HOMOIM YOTauani,
coguunoii 8 BB AH CCCP u cnocutsioii
fenestposarh gasteuno o 200 Tuc. gm on co-
MUTUEE € BICOIMMIL  TOMIIOPATYPAMK.

B xavectue pexopuux useueers yuorpebini-
duen KBapit i asmopduill kpemueaes. Ouninu
siponoitancs Rpl LtenunX ar 36 jo 145
suiofigp o Temueparypax or 1200 go 2000 °C.
Hpe pasaeannx 110—140 vuavGap ¥ ToMTe-
patypax ukedte 1500 °C yaaaocn obnapysnts
STy dasy ¢ BUCOENSME  HUKQUTE -
ML UPOACMUICHURA, B BIYI0 MPOARMaTIdX B O1La-
CIMHMATHX KDICTRAN0B pasveposm ao U5
{purc. 2).

Hosan dusit nMesa BLCOKYO  Toepibets,
O.MLKYI0 K THCBLOCTIE KOPY i, B OILIOTHOCTE
4080 Mes, 8 To spoMa Kak panGodee M.IGTHuM
it BreX MaMCCTHMX A0 CHX LoD Moitditiaigni
EPevHeieMs — KODelf ~ fmeet HAOTHUCTD
GO cfes®, Hpit sostout XuMsMeCKX 1 CHUKT-
PASLUEX  HeCAVOBANINL YAQA0Ch YCTRBOMIETL,
Mo nosay Cllilila CUCTOIT N3 YHLTOYO Kpoessie-

aewa, Crctonareanno, nasn Gwiaa uoiyucua v

vunad sobiRali KPesMieseda € ovchth Lu-
CORull WAauTHOC Lo, Tipesduamigeid a 64%
WHOTUOCTE BHapia i 1 40 Yo eTROCT L Kuuei .

Pentrenocipyvirypuoe  necaeaonasise, Upo-
segemioe covnccine ¢ aka . L B Desosias,

Y Hpupo i GPeMBC-BUCIOPOIMG  COMNIIIRE
COPIRAL hpeMitnt 5 ORpYRCIINY 40T W pe X aTo-
Wl hHCAOpe G, PYCITOEKCIILY 11O ucpiiuuan ljpa-
WLitMOLO e panipa (8 Tepaomorng KpUHCTWANO Xt
MIKOE 210 L LY HRGWBACTCR TeTpasljiiec-
Ul Koup.litiniaien).

il N1 Lo wed
~

¢

®-si

O

$pyc. 3. O6muA ot aneMoutapual sueld HORGE ug),mfgn.
it 5i0s () M KOOPUMHAKMOVHWE ICTasLp KpeNirs (0}

NOKA3aJ0, YTO HOBAA MOANHKALNS KDPOMHESS- .
M2 MMEOT KPHETRAMUYBCKY IO CTPYKTYPY ¢ KpoM-
nueM B HoCTepuod Koopauudauui {puc. 3},
HeoGxoanMo 3aMOTHTL, WTO YCIAQBRA 1OAYMe-
niy uoBol unorTnod mopuduxauuu Si0, co-
BHARGIT C YCAGQBUGIAY, HPGHIOHATICMBMHE IR0
pepxuux dacrteit caof «Ce, Fjie NaKk Pad H 03KH-
Aaiiics dasosiie Nepexoiu.

Hpubaosennie HoRey Tl HUKASLBAIOT, YTO
MOICHB HIKHEN MunT (40nu «I)»), COCTOMUAR
Ha Mmexannseckol csect MgU  (nopukaaza),
FeO (vsoctitya) 1 nowuii mujmducaning Si0y 6y-
JAOT BMOTL IIOTHOCTS M YAPYIOCTh, BULRLE CO-
PARCYRWUINOCA €O CBUlICTuAMI, HIBOCTULIME jUiH
OKHel MaTHIE B3 JKCICPHMOUTAALIWX if TOO-
pergacckux  javuwx,. o mowno npeanona-
rath, MTO HUKHAN MAHTHS MG IPUACTABILIOT
co00ll MOXabAMOCKUIR CMCCH HEUEMAYAILILX
oxuciaou. B ortust caywar mimiiis MalTin Mo-
WOT PacCMATPMBATLCA KaK JUMUTEHIIU0 BRL{e-
cruu ¢ IAOTHelWeil yHulkobiiull  KiCHopujvl,
ORTAUAPUYCCHIE DBOUDMCHIE KOTOPOI JaUNTHM
MulHikeAt, BCHCI0M | H])L‘Mll oAl € HOYHUPH tuith-
HEY DUCHOAOARCHIICN . HOCHeHILX., llu;{c‘w“ru
HAUTHOCTIL COLTALM, COUTHETCTRYIOBONO Benjo-
CTBY MaMTMH, BPOUIORAraH, HTO Ul HAXURUTCH
B BRUICYKAIGHUOM CTPYRTYpUUM COCTOMLMA,
TAKMRC COMAGCYHITCH © RABCCTHINE Jlatiunhidng,

Heobxotuyo HOUEPRNYTL, 4TU Hpralicia-
Facsulo CTRYHSTY Pillde MOACAR 0KIeH MalTiy
JUHYCKAKT BOSMOKULOCTL JRajibueilulitx Tparc-
(Impuauuii. HallpHMep, B CTPYRTY P ¢ Koopi-
HAIBTORNUN YHCHAOM KUTHONLB, Pubilldd HOCL-
aui. llepexoi rakoro Tuila MoKeT 0OLUCHMTD
praKkue B3Mencuite CBOMCTB na rpaliuie uipa,
HTO  PErUCTPHPYCTCH  COUTBCTCTHYRMMUMIE  t3-
MCHELMAMH B CKOPOCTHX CUICMHUCCKIX Bt
Crpyrtypu ¢ Koopiiaynonidy unciaom ¥ xa-
ParTepuld U MeTAAAUR M MuTepauTaiIne-
CHUX CoClNeqnil, 3 Bechda BepunTio, HTo bo-
pleetno Jeatian, Mued B LGNy Kuup LI,
Oyt 00aa/aTL METARMMMCCKIMI COoCTHAMM,
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Pue. 4. OOmnik sna APEIOHCKOTO KpaTeps

B nacrommee BpoMs nejnL3R PemATH, Ha- TAG ona ofpRIOBANACL HOR ACHCTOMCOM RMCOKNX
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Apperdix B
ABSTRACTS USED AS DATA BASE

AAlL Noutres-Proten Blastic Difersstial Crees Sectiens
frem § 1o § GoV.* M. N. Knxuezat {introduoed by M. L.
Perl), F. Magviv, M. L. Pant, Sionford Umisersity, M.
Loxoo, Ak S T. Powxis, [, Th¢ Usewrs.iy of Mickigan~—
Maasurements of xp clastic scattetiog from | 1o § GeV were
made using apark chambers. A weoll-collimated peutron beam
produced by the external besm of the bevatros interacted in a
tiquid-bydrogen: target. The recoil-proton momentum and
angle were measured with a bending maguer and spark
chambers, and the scottered-neutron angle was measured
using an array of steel-plate spark chambers. The apparatus
was on ruils 10 allow coveruge of c.m. angies from about 10
1o 150°, Preliminary results covering the entire angular range
are praemed in the form of relative cross sections va

trausfer for each incident-energy interval
Conectm for detection efficiency and background con-
tamination have been made.

» Werk sgpported in part by the U &, Atomic Esergy Commiwion and the
S‘Oﬁalevdkm;cb.
tﬂuw&m Feandation Predoctorsl Fellow.

AAZ Large-Angle NMeutroo=Protes Cortelstion Fuscties at
23 MeV.* J. }. Maranivy, P. ]. Bawor, T. R. RoBRRTS, AND
1. E. Sinuons, Los Alamos Sciensific . —Measire-
ments are preseated for the neutron-proton correlation
function Cuw at Ey =23 MeV and &4 =150° in addition to
further data at f.. =180° Polarized neutrons from the
T(d.m)¢tle reaction were utilized, together with a polarized
proton target (LMN) in which the polarization averaged
spproumately 30%. The recoiling protons were detected by a
counter telescope. The value of Cux was derived from an
asymmetry that was induced by cycling the direction of the
proton polarization, The resuits 10 date ke close 10 the pre-
dictions of the Hamada-Johnston potential model.! The effect
of these data on the recent Livermore phase-shift analysis®
is discussed.

b 1\? h wkr::fdncj Mdl&;{uw
Mhumwinkubsd!cuhw P,

L P R A At and M.
Rev. BIDO, (1983},

i Thew e
382 (1963). These pre-
WM

AAY. Search for ¢ Narrow Ressasacs is P-He® Blastic Scai-
tering.® D. Bovp (introduced by J. V. Kane), Rutgers Uni-
wersity, P. F. Donovan, J. V. Kaug, J. F. MorLanavsa, Bell
Tdephone Laberstories, anp P. Parxee, Broakhasen Nolionsl
Labsratory —Evidence for s sharp state in Li* has been
reported by Benison f al.! in the decay of AHe!. Dangle o ol.!
searched for this reasonance in p-He! acatiering, from 8 [4]
of 10.3-10.8 MeV in 25-keV steps on & lew than 15-keV-thick

turget. We have repeated the experiment of quh o,
since it has been estimated that, if the resonance is & Tw2
state, it may be narrower than 1§ keV owing to iscspin con-
venion und 4-particle phase—space comsiderations. We also
wished 10 extend the energy raage, 1he statistical accuracy,
and the aumber of angles of the Dangle group. No deviation
exceeding 0.3%, from & smooth crom section was found over the
mange 10.35€ Q€ 11.08 using 10-kaV overlapping steps, and

93 QK 518
of 150° aad 120
* Wik epperiof in

!l.l Reniaton. K.
bnnn

&Vm!w-u\"m st laborstory sagies

et lo B, Tovisetd o B, Rarwsad,

;-lll G
“ i.m Bk A P Sac. 38, 43) (063},
* Iuaa{ﬂ.sﬂmzm

AAs. swdyamllmwmhmmﬂw).mu.n.
snd H(;, p) Reactions.* G, G. Ontsn, R. W. Newsoss, [x.,
anp R. H. Stoxes, Les Alamds Scientific —Proton
apectra from the deuteros bomburdment of HE and Het hawe
been obtained at 6 energies between 10 and 16 MeV. Reaction
protons from the gas target weve identified with & stmnicon.
ductor AE-E telescope. At & laboratory angle of 15°, the paak
croms section for formation of the ~20-MeV state of Het
decreass wmoothly from about 30 to about 6 mbjer - MeV
as the energy is increased from 10 to 16 MeV. No evidence for
a similar state appears in sither the HY4,p) or the HY1,p)
resctions. This confirms the sccepied sospin of zero for this
stata. Specirs from all three reactions show s brosd snomaly
(width 2-3 MeV) 2t xn excitation saergy sbout I MeV
above the f4m or i+p masa.

* Week parforeed under the suepices o] the U, 5. Atemic Eaergy Com-

AAS, Study of the Mang ¢ Systect by the H*(L4) and Hat(1.4)
Reactiens.® R. H. Stoxes, NzLoox Jasuis, R. W. Nswsous,
Jx., and G G. Ouisen, Les Alsmes Sciewtific © 21 ~<tory.~—
Deuteron spectra from the bombardment of "i* and He* itk
a 21.8-MeV triton beum have been obtai od at laborstos v
scatwering angles in the range 10°-20°. ‘s coatrast to the
HeMd.p) reaction’ breakup particles fron the excited Het
nuciel cannot contribute 1o the observed spectra. The virtual
state of Het* at ~20-MeV excitation energy is ciearly obearved
in the Het(1d) reaction, but no correspoading stats is ob-
served in the H¥1,d) reaction. In the devteron spectra from
both reactions, & broad peak ocours at about 1.7 MaV sbove
the p41 or m+i mass. Ia general, the cross wecticas ars much
lower and the structure mose pronounced than (s the cor-
respoading (d,p) reactions. The deuisron spectra are discused
in terms of virtual states of the & particle and possible sffectz
of reaction mechanisms.

OWotk o d wnder 1he ices of the U. & Atomie Kaecgy Coms~
IG Eou-..xw Newesne, Jr.. and R. H. Sisken. Paper Add, (hB

AAS. Evidence for 2 2* T'wQ, S 2 Siate in Het. Y. C. Tang,
University of Minnesols.~Mespurements from Lit(s*2p)He
showed that, in the summed ensryy specina of the protons,
there are two strong peaka corresponding (0 0 and 30 MeV
excitation in He', and & weak peak at 20 MeV excitation.t
Thewe features can be undenstoud by considering Li' as
He'+d. The ground-state peak is due 10 absurptivn of the
pion by the deuteron cluster. To produce the levels at ubuut
20 MeV in He!, the pica aseds 10 i t with a nuckeon fruss
each of the two clusiers, sinoe thest levels have clusier
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atrucivren of s stcieon plur a 4 w3 cluster. This procese has,
bowever, only & small probalility, since the clusiers are well
seprented and pion s absorbed only when the two noclecus
sre in cieme grosinsity, For the seak sround 36 MeV, It I
produced by the pion interacting with a deuteron cluster in
the o cluster, The levels at this crergy have, theredors, €444
clusier sructiure and the lowest one hax Sm?, L=l snd Tol,
Using smilar comsiderstion for Li'{e* 15)Hel, agreement
with eaperiment can ebo be cbiained.

1. Chaupad of ok Plipe. Lattaes 16, 34 (1953).

AAY, Parameiors for ths Rlastic of Het by
He'? N. R. Furrcare, F. Duonie, T. Gaay, anp H. T.
Foxruwr, Ferida Stals Uaiversity —Opticalmodel param-
eters have been determined for the elastic scatteving of Het
hy Het for use in 2 DWBA direct reaction snalysis of the
reaction Li%p. Hetda obeerved by Heydesburg and Han!
The yieki of elastically scattered He' measured over & bom-
barding energy range of 12-19 MeV shows no prominant
resoramcen.  Angular  distributions were  measured from
O »30-150% st Ent=120, 115, 130, 168 180, and
190 MeV. At 15 MeV and sbove, the optical potentials snd
sadius parameters found vary only & few percent from the
values: [V 100 MeV, Wmi10 MeV, r,mr, mr w18 F, a,eq
«0.6 F. A spin-orbit interaction of sbout 20 MeV improves
the fit at back angles; however, it is evident that mechanisme
ather than this are nceded to account for myuch of the deviation
ol the daza from. the simple optical-model calculation.

* Wark sippocted in part by the U, 8. Atr Force Ofiee of Scieatific Researc
IN. P, Heydenburg and [.-G. H.n.MAﬂ.PhytS-e.,’.u(lm)

AAS. Resctions He*(Hel,p)Li*® and LE(p.p)LI**.* W, D.
Harnison, California Institute of Technology—The total
crosa section for the reaction Hef(He?, 2)Li%* bas been
measured by observing the yield of deexcitation y-rays from
Li"™* Measurements cover the excitations range from 9.5
to 12.1 MeV in the wmpwnd nucleus Be’. A study of the
Li¥(p.p)Li** reaction and its possible interpretation were
reported previously ! Similar leatures are observed In both
reactions: & broad maximum a1 about 10.7 MeV excitation and
some kind of narrower anomaly ae about (1.1 MeV. These
features have been fitted with 2-level formulas. Combining the
information so obtained with that from the Li%(p,p)Lit and
Lidp.p0Li" renctions, the following amignmenta sre made:
Jem§=, Tw} for the bronder level snd J*=}~, Te}] for the
narrower. The 7' =§ assignment ia based on the fact that the
narrower level is not observed in the Li%(p,p)Li¢ and Li%(p,81)
Li** reactions, where both its formation and decay are for-
hidden. In the other reactions, where only its formation is
forbidden, it appears through its Interference with the T}
level. The T={ level is probably the mme as that recently
observed at Berkeley *

twm-mnamuu S, Ofice of Naval Reseasrch,

tW, D. Harrieon Sec. ®. 703 (1
¢ C. Détras, J. Cerny, and R. J‘"N ‘ ioumn.'“ (19455,

AA9. Phototriton Cross Sectica of Li%.* N. K. Suesman,
AfcGill University, Jouss E. E. BacLin, avp R. 0. Owzns,
Yole Unssersity. ~The croes section {or the reaction Li*(.0)
recently observed' has been measured {or pboton energies
between 18 and 30 MeV. Bremsstrahlung of end-point energy
40 MeV produced by the Yale clectron linac was used to
irradiate Li* evaporated onto Formvar films. The target
thicknesses were about 270 ug /em$. Tritons were identified by a

R~

quadrupole tiplet magnet and were stopped in 8 ailicon.
barrier detector. Eneryy resclation’was 130 eV, Tritons from
the {s.a) resction wers guted out. “Abeohite croms section was
ohtuingd by normalizing the HYv.2) crom aection via photo-
protoss from & deuterium ges Odll, and also to the LiM(vy,p)
cross section® via photoprotons identified aslong with the
phototritons. Two-body breakup was amumed. The (v.1) cros
section found in both ways iy 0.7 mb a1 21 MeV, almost an
targe 3¢ the photonucleon cross section at this energy.

 Work expparted by 1he U. 8. Atomic Ens
vu?smm-. i Pr ok e

?ﬁ 41
8 L. 1. Brumbiett. J. T. Caldwell, R, R. Harver, of of,
U‘Cl]r!”’i (}“S)

mbesing,
evtn full. Am. Phue See.

AA1Q. Charge Symmstry :a the Mirror Reactions LIt (a p)LP"
and LB(dn)Be™.* 5. M. Austing P. Pan, A Curene,
S. 8 Hawwa, awp W. E. Mevernor, Stanfard Unirersity ~It
hu been pointed out! that 2 comparison of mirrer reactinny
provide s test of charge symmetry in nuclear reactions,
Pﬂ' L:"(l £ and LiNd mBe', this comparison was
made' by observing the isotropic y-rays fram Li?® and Be’™,
This experiment has been repeated and extended with in.
creased precision by use of n Ge{li) detector of «encitive
volume IXIXt cm?, from E;=0.1$8 to 7.2 MeV with the
Suanford I-MV Van de Graaff and a newly instalied FN
tandem. Although che enevgy range cover<at least two kunwa
resonances in Bet, no definite evidence of resonant stricture
was observed. Above E ;w05 MeV, the ncutron.le-proton
ratio lies between 1.14 and 1,20, with some evidence for mild
variations. In the region of overlap, below E,=1 MeV,
there i3 qualitative agreement with the earlier abeervetionst
Above Eg=1 MeV, where the craes sections show proncunced
stripping patterns,? the neutrun-to-proton ratic is in good
agreement with stripping calculations. Below Ey=0.7 MeV,
an’observed decrease in the mtio is suggestive of the Oppen-
heimer- Phillips process.
¢ Work supnorted h\ part by the Nationzl Science Foundation and the

U. 8. Army Resesrc
1D, H, Wiikinsoa, Phﬁ HI‘ 3. 8) (1987},

AALL of the Reactions LI'(pn,)Be'™ and
LIp pOLI" S. S. Hanna, P. Pavt, 8. M. Austingt anp
W. E. Meveanor, Slanford Univeriity.—A comparison of
total crosa sections in"the reactions Li'(p,n)Be™ and Li'
{p.£ )Li*® has been made by measuring the isotropic y-rays
emitted from Be? and Li" with a Ge (1.i) detector® of sensitive
volume 2X3X1 cmt. The range 3 MeV < E, C1GMeV was
covered with the newly installed Stanford FN tandem. In
sharp contrast to the ratic determined in the Li* 44 reactions,?
the ratic of cross sections in the Li"4p reactions deviates
markedly from unity and varies strongly with energy. The
neuiron-to-proton ratio rises to a2 value of 054 at E, =13
MeV, falla smoothly to 0.21 at 5.5 MeV, rises again to 0.33
at 8.6 MeV, and then declines. The over-all dominance nf the
(p.p") reaction suggesta the presence of a direct process in this
reaction. It is noted that the maximum in the ratio at 3.3
MeV occurs at an energy where the neutron yield attains a
maximum, while tha minimum at 5.5 MeV can be attributed
10 a strong resonance in the protor: yield not observed in the
neutron yield. These observations are discussed in terms of
isotopic spin and known levels of Bel.

‘A'Wmork -upvnv;cd In part by the Nationa! Science Foundstion and the U. 5.
1 Ml:td P. Sloar Feillow. Prevent sddresms: Michiges State Unlv,

Radiation Laborstory, Li

' Provided by Lawrence vermore.
LE-3 H Au:ﬂn P. Paul, A. Cheurg. S. 5. Hanua, et al. Paper RA10, thiy
meeting.
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AAL2. (HetHe¥) and (He'a) Reattions oa Li* and Li"¢
Vax Brinues avn Monrox K, Burusaxy, Usisessity of Tilinois.
~Targets dl.i'mdlﬁmbomhmsedbyﬂe'unwu
from the University of Minels cyclotran, at lncident bears
energies of 11, 24, and 27 MeV. From the Lif tsrget, we ob-
mmmm&mﬁudmmwwm
corvesponding to the ground and 1.18.-MeV states. From the
LI" wryes, we obisined anguisr distributions of the scattered
mm-wmmm.o.w.mu&
MeV states, and of o particles leaving the residual Li* nuciens
in the ground 1.18- and 3.56-MrV states. Spactrs were re-
corded in the angular sange from 30° to §40° in the e.m.
system. Deteclion was by 8 surface-barrier silicon detactor,
Targets wers of enriched lithium aydride, evaporated onto
thin nickel backings.

* Work spporied in part by the U, & Oflics of Naval Rescarch.

AAl13. Charged-Particls Reactions from LU+p at 30 Mev.*
H. H. Forsren, D. W. Davins, anp C. C. K1, Unisersity of
Southern Californin. —Sell.supporting foils of L {purity
99.6%) were bombarded with 30.3-MgV protons from the
USC linear accelerstor, Angular distributions were cbtained
for the Li*(p8)Lis, LiY(p,HLi8, and Li{p.pd}Het reactions at
laboratory angies from ~10°-100°. Particle identification was
schieved by qating & 2-dimensional analyzer with coincidences
between the signais from & (42/ds)—E counter system con-
sisting of & 150-p fully depleted silicon and & § X 1-in. Nai(T1)
detectos, The resolving time of the fast-coincidence i
used for the anguiar<orrelation aperiment was ~6 nsec,
in the LiY{ p.d)Li* reaction, deuterons leaving Li* ia the ground
state or first two excitad states could be resolved and sngular
distributions were obtained far each deyteron group. ia the
(#.pd) angularcorrelation experiment, two detectons were

#t equal angles with the incident beam; particle
identification was used in one arm only. The resultant angular
wentification is discussed and compared with that obtained
for the LiY{p,pd)He! reaction.

* Work supporied ju part by the U. §. Atomie Energy Comminsian,

AAl¢. Electric Quadrupole Moments of L' and C1* Nuclei
PAuL E. Cang, The University of Chicago.—The electric-field
gradient ¢ at the Li or C! nucleus has been calculated for
Lil, Lis, LiF, LiCl, aad }ICl, and certain other LIX diatomic
molecules using Hartree-Fock-Roothaan SCF wavefuncjons
obtained by Cade, Wabll, Huo, and Sales Thest wave-
lunctions, except for that of LiCl, are believed to be very
close approxima tions to the true Hartree—Fock waveluactions.
Using the experimental values of o0 for eitber Li* or C* in
these molecules, the pole moments Q of LY
udmmumummhwmmdm
mmhmmmmdg.mmw. with
vibrational staty is aleo discuiessd on the basis of calculated
results,

ABI. Moean Life of the 1.0-MeY 0+ Lavel in Co'®. Romear
L. Granax AND Jamus S. Gaicgn, CRNL-Atowic Exargy of
Cansds Limtited —The mean life of the 1.9-MeV 0+ state in
Ce'® has been obuained by measuring the time correlation
between x-rays from K-capture and K-1900 conversion elec-
trons. The converiion electrons were selactad wsing ¢ 7-gap
orange f-ray spectrometer located on s beam line of the
Chalk River tandem accelerator. The 1.9-MeV Ce'® level
was populated by the decay of J4-min Pr® which was
produced by periodically bombarding & $-mg/cm® metallic
Ce target with 9-MeV protons for 30-sec intervale. The time-

B

correlation data were sccumulated between irradiations. The
detectors corsisted of Natos plastic acintillators on XP-1020
phowmuliipliers. The timesorier was cabibcated to ~1%
ASCUnIcY Using un aircored belical delay tine.! The mean Jife
obisined for the 1.9-MeV level in Co'® iy » w 0,37 20.04 nsec,
The EI y-transition rate for the 306-keV 04 — 3 4-EZ transi-
tiondedm&dfmmﬂ!isﬁledmndm@,mmmﬁqﬁﬁa
of Hisatalic o &0.% is & Weisskop! units,

T

u@&%k&:&).w‘ B K Bell. sad L. Barion, Nec. Insir.

;:;&g-umv.vmz.mmr.umxwgmmlm

ABZ. Dacay of £9'¢.* joun C. Hut, Purdus University —
Eu' sources were obtained from the Smit(d n)Eu* regetion
snd purified chemically. The haif-life of Eu't was Getermined
to be 5.9340.1 days. The v spectrum was studied, using
Ge-Li detactors a9 well as Nal(T1) detectors. The conversion
tlectron and positroa spectra were investigated, using & 180°
magnetic spectrometer. y—y coincidences were observed using
both Nal aad Ge-Li detectors. A total of 23 v lines were ob-
served; 13 of these have not been reported before. With the
dewhddmmdiutenﬁtymn, the traasitions
mimmndhtoneoﬂentd«cg.th’l‘nbw-
mmqwmmmhdm 0 ground and frst
excited atates, reepectively, wers observed. The levels of Seut®?,
populnted through the decay of Eu*™, are compared to levals
of Sm', populated through the reaction Smitifd, p)Sm,
observed by Kenefick and Sheline.’

* Work supported by the U. S. Atomic Energy Commlsion,
L R A Kemefick R. K. Sheline, Phys, Rev. 139, 1679 (1988).

ACL. Conduction-Rlectron Spin Resoeascs. MaxTiny Laure®
(introduced by P. M. Platzman) anp P. M. PLatzuan, Belt
Teephone Laboratories.~We have calculated (using & simpk
theory) the paramagnetic resonance absorption by conduction
electrons in a thin metallic sample, extending the earlier work
of Dyson.! Our results are valid for s meta! sample of arbitrary
thickness, with a static magnetic field H, at arbitrary angle
with respect to the sample surface, and under either clamical
or anomalous skin-effect conditions. The electromagnetic
field is assumed to be incident normally, but not necessarily
symmetrically, on both sides of the samples. Under snomalous
skin-efect conditions, aa the field H, is rotated from paralie]
(o normal, the shape of the spin resonance line is modified.
For asymmetric boundary conditions on the EM field, the
line decreases in intensity (0 rero under certain conditions)
and broadens drasticalty. For a symmetric or I-sided EM
field, the line shows & slight decrease in intensity and & slight
natrowing. We see no evidence for any structure of the kind
found by Walsht' in his electron-spin-resonance expariments on
potassium. Numerical results are presented.

¢ address: Rt Mary's Coliege.

. Phys. Rev. 98, {1933),
ek, I7.. Pays. Mo, (o s pubiished)

.

1
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AC2. Prossure Depeadencs of Knight Shift in Pt. T. Kusuipa
AMD L. Rz, Ford Moter Scientific .—The Knight
o&ﬂkd?t'hphdnumnlmmndund«hydm-
m&muywaboutmh/m'ntmummm
64.87, 0% and - 78.0°C. | K| decreases with increasing pressure.
3K /aP is markedty perature-dependent and changes as TV
with temperature. The temperature dependence of K at con.
stant volume, which has heen derived from the previously ol
tined K(T) at constant pressure and the present pressure-
dependence dats, obeys a gquadratic law, X =Ks+R1Y
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+O[{T/Td], where Tyis the degeneracy temperature of the
d-bhand holes. The observed volume dependence of Kyand B is
analyzed using a standard band model. The valume dependence
of the band parameters thus ohtained is asfollowa: (iY d log T/
fog V = - 15£09~dlogT,jdlog V(i1 dlog Ty, /d log Ve —~ 0.0
*1.9, where T'x i an exchange parameter; and (i) dlogn/
diogVwd 3£ 13, where n is the number o the 4 holes per
aiom,

ACA, Spig-Orbit Coupling, Magnetic- and Efsctric-Field
Interatioas of Irom (3d%) in Compleres of Tetragonsl Sym-
metry. GiLpa M. Hariis, Hauforg Unsversity.—Uerric ion
{3d%) has a S ground swate. To 1st or-er, this mukiplet docs
1ot intevsct under spin—orbit coupling noe is it split by any
crystal field. Yet, there is experimental evidence {rom electron
apin and Mossbauer spectira that there is a zero-field splitting
of th= ground state and & net electric-lield gradient at the iron
nucleus in complexes of lower-than-octahedral symmerry,
in arder to possibly explain these observations, a calculation
of the energy sigenfunctions aud eigenvalues of ferric ion was
raade in a strong cctahedral field with tetragonal distortions
and spin-orbit coupling among the 33 lowest-energy states,
Two diflerent zero-order basis sets were used. Ground-state
splittings, low-spin conditions, electric-lield gradients, mag-
netic susceptibilitios, and feld encrgies were obtained, A
systeinatic study was made of the effeci on all the above
properties of which and how many excited states were in-
cluded in the ealculation, starting with juat one of the de-
genriate partners of the lowest-lying quartet state (4T%),
edding its partners, then the lowest-lying duublet atate, and,
finally, the zest of the slectronic states. This effect was marked
and excoeded the difference between the 2nd erder and exact
calzulation made in ench of these approximations.

AD1. Thecry of Lattica Vibrations i Wurtzite and Zjunc-
biernde.” Micurt. A. NusiMmovicit (introduce¢ by J. L.
Rirman) ang Josrri L. Biwmax, New Vork Usmiversdy —
Previounly,! the frequencies and normal modes for CdS in
Cer* stiuciure were cileulated by solving the dynamical
matrix {or propagation along three directions of the wurtzitz
Brillouin zone. A move detailed study of this problem was
made using five models of varying degrees of elaboration:
(1) contral forces hetween 1st neighbors; (2) central forres
between st and 2nd neighbora; (3) central forces botween
1«t, 2nd, and 3rd neighbors; (4) central and noncentral forces
hetween 1at, 2nd, and 3rd neighbors; (5) -<entral and nop-
central forces between 1st, Znd, 3rd neighbora, and loag-
range Coulomb [arces. Uning appropriate coordinate irans-
formations,® frequencies and normal modes of zinchlende of
TJ structurs were calculated. ispersion curves have bheen
calcutated for ¢ (hypotketical) cubic CdS. Some compatison
of the present model and the shell model is given.

¢ Work p.rifnlly sunported by the U. S, Army Research Office (Dutham)
and the Asrospacc Rewearch Laboretor'es, Office of Aerospace Ressarch,
W.ight- Patterson AFT,

Permanent vddrens: Lab. de Phvsique de 'Ecole Normaie Supérieure,

arfe.
I M Nynstmovic; and J. L. Birmau. Bull. Am. Phy.. Soc. 1€, 616 {1965).
v]. L. Rirman, Phys Rev. 1131903 (1959).

AD4. FElecironic Transport in Gradud Hetercjunctions.” 1.. J.
Van Ruvyviny aND F. E. Wiriams, (/mersity of Delawere. —
We consider a single crystal of a semiconductor whowe com-
position gradunlly changes from that of a small-bandgap
material at one e:id to that of a large-bandgap material at the
other Aithough the quantum-mechanical prolilem of a charged

particke in a varying periodic potential has nnt heen anfved
rigorously, this graded hetergjunction has, in an approximate
aense, a graded bandgap. in order to separate the effect of the
clectric field due to space charges from the effect of the grinied
bhandgap on electronic charge transport, we cansider a graded
beternjunction that is doped inhomogeneously so that there
is no space charge. The motion of electrons at the conduction-
band edge and the motion of hoies at the valenve-biunl edge
are analyzed, and in addition to the normai diffusion terin an
additional term is obtained thatis linear in the gradient of the
band edge for each type of carrier. Steady-state photoexrita.
tion in one rexion leads under certain conditinns o both
types of carriers moving ia the same direction, e to the
region of smaller bandgap. In addition, the mnting of excitons
in praded heterojunctions is consideread.

* Work wnpported by U. 8. Acrmy Engineer Rescarch and Development
Laboraterits.

ADS. Minority-Carrier Mobllity in p-Type Germanium under
High Uniaxial Stress at Room Temperature.® M. W, Crrss.
wrLL! anp J. P McKenvey, Pemnsyloania State University —
The minority-carrice mobility in a single crystal of germaninm
containing 3X 10" indium atoms per cc has heen mewared
as a {unction of uniaxial comprossion in a lattice {111) dijee-
tios at room temperature by observing the drif of an exorss
carrier concentration under the influence of an ¢ slied elecrrie
field. The maximum fractional change in length of the eryastal,
cut i the shape of a rod, was 0.99%, corre onrding to a
compressive pressure of approximately .53 ¥ dyn em™3,
sufficiently high to transfer substantially alt ceaduction elec-
trons ta a single valley. A comparizo. of thr experimental
data with theoretical estimates of mohiity variation due to
strainsinduced  population transfer in tke conduction hand
vielded a value for the scatiering anisotropy of «, =3.740.3,
This value is considerably higher than that sbtaired from
studies of magnetoresistance of s-type gern ium, the qif-
{erence Leing attributed to electron-hole rcitt. ring.

» Wark sapported by the U. S, Office of Sclentifs He« h.
$ Present addrees: Weatinghours Res. Lads., Pittsburs

AD6. Strain-Induced Freere-Out Effectin v aSs. A. Sacar,
W. LenMann, Anp M. PoiLax, Wesiss house Research
Latcratories.— The eflect of hydrostatic pre: e on resistance
and Hall eoeffizient of “undoped”” n-ZnSe ( »f. 1) was meas-
ured at 195° and 3J00°K. The effect of utiaxi ~ stress on resiat-
ance was also measured between 77° and 30 ‘K. Temperature
dependence of Hall coeficicnt and resistan ¢ of the samples
(between 77% and 300°K) was similar t the “undoped”
samples in Ref. 1. The resistance, Hall coefficient, and their
derivatives w.r.t. pressure increased with in reasing pressure
a0 that Rn/peconst. At 195°K, Ry and » it creaced by 830%,
{from une to 10 atm far a sample with Rp(77°K)=5x M
em? CL Fhe pigroresistance value due to uniaxial strees was
4 of the piezoresistance value cwing to hydrostatic pressure
at low preasures. This indicates that the offect is a purcly
_hydromatir_ one and augpests that the mechanism respoasilile
i & pressurc-icouced variation of the icrization vnergy.
Similar observation has been made in #-GiAs by Sladek !
Our data give the untual result that the value of the ioniza-
tion energy (E;w0.008 eV at normal pressure!) i increased
ky a facior of two at 10% atm.

M. Aven and B. Segal. Phys. Rev. 130, 81 (i963).
' R. J. Sladek, Phys. Rev. (to be publist.ed).
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AD7. Avalanche Breakdown ln ;~Typs GaAs. Kuar Wriser,
Roneny E. FEaN, Axo Joserw 1. Woons, [BM Wation
Research Center.—'We have continued the study of avalanching
and light emission of ! 'n high-resistivity layerst in p-type
GaAs structures prod: ~i by diffusing Zn into Mn-doped
material. Such layers, « 1 a resistivity of typically 5000 0-cm,
are formed at the bou. ary of the rinc.dominated surface
layer. Capacitance medsurements, as weill as examination of
wransmitied light by phase-contrast microacopy? indicate
that the width of these fayers in of th order of 1 x. A drastic
increast in current is observed at a field of approximately
210 V/em. Light emission is then proportional to {§ ~ig),
where ¢ is the experimental current and 1g is the Ohmic com-
ponent as extrapolated from low field values. The electrons
generated by the avalanching process are swept ocut of the
layer and recombine in the zincrich region or the manganese
region to either side of it, depending on the current direction.
The spectral distribution of the emitted light differs accord-
ingly for the two cases. The quantum efficiency of the light
emission is comparable to that of ordinary GaAs diode
though the power efficiency is much lower because of the higL
voltage (typically 16 V) needed to produce the light.

8 K. Welser and J. F. Woods, Appl, Phys Letters 7, 224 [1043),
¥ M. Drougard. private communication.

ADS. EPR gnd Electrical Properties of the Dominant Defect
in Biectroo-Irradiated p-Typo Silicon.* Nissis ALLELEH AND
Brananp GovosrriN, RCA  Laborafories—When p-type
silicon ia bombaided with electrons, the dominant defect
formed is the X center.) We have studied the paramagnetic
properties and growth of this center as functions of electron
flux and bombardment energy under conditions of different
resistivities, impurity dopants, Fermi level, and iilumination.
Introduction rates, g values, and symmetry properties are
presented and discussed. The K center is independent of the
2-type dopant. Itis not a primary defect, but requires oxygen.
At high integrated electron Ruxes, the EPR-measured K-center

At the intermediate temperature of 77°K, stimulation (electran
and hoie) and quenching are present and the over-all be-
havior is more complex. In p-type material, infrared radiation
produces only stimulation. An energy-level diagram is pre-
sented, which can explain these observationss principai
features include elecirna traps about 7.6 eV below the cone
duction band. recombination levels near the center o the
bandgap, and “sensiuzing’ hole wraps about (1.7-0.8 ¢V alunce
the valence band.

AD10. Photovoltaic and Photocapacitive Propertics of Surface-
Barrier Junctions of High-Resistivity Galiiom Phosphide. 5. S.
Praisan fintraduced by Bernard Oobistvin) aAxi Brxvann
GoLostuiN, RCA  Laborateries.—Measurements of phm_n-
voltaic eurreats and photocapacitance of surface-harrier
junctions in high resistivity x- and p-type Gal’ aie presemed
and - “vwra to be of unique value in the study of photoclectronic
2 :s. 'n particular, they provide means for the lirert

- .ana 1on of the polarity of charge carriers released by nn
sefr. 4 transition. This foliows from an extension of the
veopted model of irtdnsic and extrinsic photovoltaic and
proiocapacitive respoase, which considers effects such as
infrared quenching and infrared stimulation of inirinsic
response. In m-type matcrial, measurements indicate that
intrinsic photocapacitaese is quenched by infrared radiation.
At the same time, extrinsic photovoltaic respornse is stimitlated
by intrinsic radiation. In p-type material, intrinsic photo-
voltaic response is quenched by infraved radiation. Al the
spectral dependence curves of these effects are compared for
optical-threshold energy with similar curves of photoconduc-
tivity quenching' and are found, an predicted by the madel,
to represent the same basic electronic transition. The un-
ambiguous determination of photovoltaic current and photo-
capacitance supplies ia independent verification that this
transition does, indeed, create positive charge carriers (holes)
and involves trapping levels Jocated approximately 0.3 eV
above the valeace band,

concentration decreases; however, iht tion and ting
experiments have established that the defects are still present
but have a different charge state because they have trapped
an electron. We have assaciated the X center with a previ-
ously reported 0.3-eV defect leve!* based on the facts that
both require oxygen, both have about the same introduction
rates and bombardment energy dependence, and that the
value of the Fermi level at which the K.center EPR absorption
Adecrenses aharply is about 0.2 eV,

* Work sponsored by NASA~-Goddard 8, Fiight Center.

1Y, Ehaham of ¢l.. Intern, Conl. Phys, iconductors, Parls, 1944.
§ npace Technol, Lab. Rept. MR-32, contrect NAS 3-1851.

ADY. Photocenductive Properties of High-Realativity Galllum
Phosphide. Bernaxp GOLnsTEIN AND S. S. PERLMAN, RCA
Laboraieries. —Static and dynamic photoconductive properties
of single-crystal ligh-resistivity (compensated) GaP bave been
studied in the intrinsic and near-infrared specira! region st
300°%, 77°, and 27°K. Rium-ven:, mrature resistivities in excesa
of 104 ¢.cm bave been produce | by copper diffuslons into
either n- or p-type GaP. Photoconductivity: of the high-
resistivity matenial is strongly influcneed by trapa In n-type
material, at JOO°K, infrared radsation stimulaies the dark
conductivity and quenches the intrinsic photacondustivity
at the same photon energiex; thermal-prale measurementa
indicate that the atimulation is due 1o increased hole current

At 27°K, only stimulation is observed regardicss of the level
of intrinsic photoconductivity, but decay characteristics show
that this latter response is due to increased electron current.

18, Goldstein and 5. S, Periman. Paper AD®, this meeting.

AD12. Dislocation Degensracy in Heavily Doped Germasnium
and Silicon Single Crystale. G. H. Scuwurrxa,® 784 Eau
Fishksll, awo R. GurzT, IBM Walion Resesrch Cenisr.—

Recent investigations of dislocation structures in heavily
doped silicon single crystale report definite ranges of donor-
impurity concentrations in which dislocations become de-
generate.! Consequently, it should be pocsibie to grow hesvily
n-type silicon crystals dislocationfree without any
special precautions. This conclusion is not i with the
maodel outlined by Dash for dislocation propagation in high-
resistivity silicon crystals and alio not consistent with the
experimental findings of Patel o ol. for heavily doped
germanium crystale. In view of the important consequences of
Mil'vidskii's work, the perfection of heavily melt-doped =-
and p-type silicon crystals® is investigated through x.ray.
difleaction microscopy. Test samples are cut parallel to the
pull axis and large-area x-ruy topograiphs are recorded. Our
measurements confirm for silicon Patel's work. p-type silicon
crystale are essentinlly (ree of dislocations, while in m-type
crystals dislocations are present. The topographs also reveal
impurity stristions snd suwong impurity cores inside the
crystals.
¢ Work supnorted by the U. §. Alr Force,

I M. G. MK videkis of ol., Soviet Phys.~5olid State 6, 2606 (1969).
*Crystels kiadly supplied by the &tkky Laberstory, Palo Alto, Celd,
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AE9, Comparison of the Scattering of 1200-MeV Electrons
snd Positrons from Protens.® K. L. Axpesson, Bauxo
Boraia, axo J. W, DeWike, Cornell University.—An electran
or pasitrap beam with & 10% momentum spread is obtiined
from the Breosstrahlung beam of the Cornell <ynchrotron
Ly using a system of napnets to sclect and focus members of
clectron pairs. The beam poeses through s thin-wall 45-cm
liquid-hydrogen target to A quantameter for monitaring.
Scattered electrons and recoil protons in coincidence are ob-
served in spark chambers placed on either side of the beam.
‘T'he polar augles of pairs of coplanar tracks are fitted to the
scattering kinernatics to select events of elastic scattering.
The system in designed to eliminate insofar as possible any
differonces in the deieetion of positrons and electrons. In
particular, 1he problom of distinguishing between scattered
pasitrans and positive pions, which was present in the Stan-
ford experiments,! has been avoided. Analysis of a run yielding
5200 elastic scatterings in the interval 105 <20 shows
the two cross scetions to be equal within st.atistics. Additional
data are Leing obtained.

* Wark supported in part by the National Scienice Foundation.
1 A, Browman, F, Liu, and U, Schacrf, Phiys, Rev. B139, 1079 (1965).

AE1G. Comparisen of Wide-Angle Electron Pair Production
with the Predictions of Quantum Electrodynamics.® E.
IisesnaxpLER, J. Fricexsaus, N. B. Mistry, P }. Mostex,
3. R. Rust, A Suverman, C. K, Sincoarr, aNvp R, M.
T2LMAR, Cornell University ~The photoproduction of electron
pairs has beea studied at several photon energies runging
{rom 300 to 1800 “McV, using a large uniform-field magnet
ansd apark chambers. The ¢* and ¢~ production angles accepted
by the apparatus ranged {rom 6° o 10° The momentum
acceptance of the magnet and the bremsstrahlung peak energy
were varied in such a way as to keep their ratio constant. A
comparisan is made with quantum electrodynamics. The
devintion from Q.E.D. observed by Blumenihal ef of.} would
lead to an approximate discrepancy of 15% in the energy range
of this experiment. Analysis of the data is in progress and
results ate presented.

* Work aunported in part he the National Sciencr Foundation,
PR, B, Bumenthal ¢f al., Pliys, Rev. Lette; 14, 6 {1905).

AEll. Muon~Preton Elastic Scattering.® H. von Brixsew,
I {introduced by 1. Yamanocuchi), R. W. Evruswonin
A, C. Merassinos, [, H Tistort T. YamanoucHs, [miversity
of Rockrster, L. M. LunuaMan, M. J. TANNENBAUM,} Columbia
University, W, 1. Conn, ann A, W, Mascuki, Brookhaven
Nationi' Laboratory.~Preliminary results of the Brookhaven-
Columbia-Rochester munn-proton elastic-scattering experi-
ment! hive been reported for dmementum wansfers of
gt=12-31/7 We present here the results for the low.
momentum transfer region (¢ w8 — 19771, The purified muon
beam from the AGS having momenta p=15-~6.0 BeV/e
was incide 1t on a 6-t hiquid-hydrogen target. Both iacident
and scatiered muon tracks and the recoil-protan track were
photographed in spark chambers. The recoil-proton energy was
measured by ita range in a heavy-plate aluminum spark cham-
Ler. Of about 28 000 triggering events, we have identilied
about 900 clastic events. The differential cross-section
do/dg i presented. It is compared with the results of the
high-momentum-transfer run as well as with e-p scattering
data.
* Work supported in part by the U. S. Atomic Energy Commission.
Present addrevs: Univ, Washirgton.
% Lecenned.

Present addrens: CERN, Geneva.
T R. Cool #f al.. I'hys. Hev, Lettera 14. 724 (1963).

AE12. Pion Form Facter from Electroproduction.® W. W.
Asxi (introduced by K. Berkelman), C. W. Axruior, K.
BraxsiLMan. anp C. A. Lacurgnsrain, Cornsll Universuiv.~-

We have been using the circulating electron beam of the
Cornell 2-GeV synchrotron and aa futernal hiquinl-bydrogen
target o stidy the reactione+p — e+ r +w " Uhe uiclastically
scattered elecirons are momentume-anaivzal in o quuedrapole
maguet and detected by a telescope of scintillators followed
by a lead-plass Cerenkov counter. Electronroducsd piens
emntted along the electron-momentum-traandfer dirvction ace
analyzed i a similar magnet and detected in coincidence by o
scintillator teiescope. The transverse and loagitmdina virtual
phuton contributions tn the eieciroproduetion  viekl are
separated by taking data for corresponding $-momeant: -
weansfer & aid pion-nucleon ¢.m. energy 1y at several difler
electron=scattering angles between 152 and S5 Lab. Data b,
been taken it —k w30 F¥and IV = 1200 and 1300 MeV. The
longitudinal contribution is interpreted so as te place experi-
mes:tal linuiz on the pios electromagnetic furn- fuctor,

* \Work supported in nart by the National Science Foundation.

AEl4. Electron-Induced Cascade Showers in Copper and
Lead at 1 Bev.* \Vaircw Rawes Newson, Riciann C.
McCavr, Josern K. Conn, aANp ThHrobnorg M. JuNKINS,
Stanford Linear Acceleralor Center—The longitudiial and
racial development of electron~phaion showers has becn
measured in copper and lead at 1 BeV. A new technigue,
described in an eariier paper.! using the thermoluminescent
property of Lil” has been employed to measure eaergy «deposi-
tion. The resultant radial distributions and transition curves
are compare:dd with Monte Carlo calculations and other ex-
periments. The fraction of incident energy that leaks out of a
cylinder of radiux r {radiation lengths) is plotied against
reg where e is the critical energy of the absorbing material,
and it is sbserved that most of the existing statistical and ex-
perimental data, including *tis expariment, fall on an empiri-
cal curve-~regardicss of incident energy ot choize of absorber.

* Work sponsared b the U, 8. Atomic Energy Commission.
3T M. Jenking of al., Nucl, Insis. Methods (1o be published).

AE15. Search for Dirac Monopoles Produced by the Cosmic
Radiatien. V. C. Cawirirxs (introduced by R, K. Adair) avp
R. J. Sterassxy, Yale University and Jrookkaven Nalional
Laborglory. — The simplest model of an electric charge and a
magnetic monopaule violates time-reversal invariance. Since
the Fitch-Cronin-Turley effect suggests that time-reversal
invariance is violated, it appeared desirable to conduct a
further search for heavy maguetic monopoles. The negative
results of such @ scarch allow us to plsce an upper limit lor
the fiux of monopoles in the atmosphere st R$IX 10—
monopolen/cm?-sec. The experimental design is similar to that
of Malkus. Monopoles created by ccemic rays high in the
stmosphere diffuse along the geomagnetic field lines and are
acceiorated and locused onto & nuclear-amulsion rack by a
ierge solenoid magnet (peak held =13 kG, magnetic moment
w [ 3X10* G/cm?). The final trajectory is defined by coin-
cidence counters and a spevk chamber. Assuming a specific
mode! for monopole nroduction by very high energy nucieon~
nucieon collisions, we convert our rete into & cross section.
Fora 15-BeV/¢* monopole, » §1-10-% em®, or 10~ (A/Mcpe)*.
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AHL. Spaciroscopy of Interstellar Gralna. F. M, Joanson,
Llectro-Oipiizal  Systems.—Distinetive but previously un-
recognized poatterns corresponding to  vibrationalenergy
separations within electeonic bands have been-identified
among 18 dilfuse intersteliar fines, Such patterns will facilitate
the search for the chemical origin of the lines, Since there is a
known cotrelation between the strength of these absorption
fines and stellar reddening, it is believed what they have their
origin in interstellar gains. Thus, assignments of the linas
may be tantamount to a partial chemical idenitfication of these
gains. Each of the 18 lines falls into one of three groups. The
st and 2nd groups occur in the vicinities of 4600 and 6100 A,
respectively, with the former the more diffuse. Both of these
groups ere comprised of 2 set of 3 lines with wavenumber
separations of 556 and 1568 cm=1, The remaining 12 lines falt
within 2 3rd group, also near 6100 A, whose mean wavenumber
separations can be sorted into 226 em™ or multiples thereof.
A discussion is given of various types of chemical species that
appear most likely to be identified with these correlations.

AH2, Inhemogenacus Cosmological Expansion, Quasistellar
Sources, and Quasistellar Galaxies. Y. Ne'eman, Tel-Aviy
University.—We discuss the hypothesia’ that quasistellar
radio soirces are fed by the decay of high-energy particles,
produced in superdense condirions corresponding to the
cosmological preexpansion stages. These are independent
cores whose expansion has lagged behind. Some comments rre
made with respect to the possible rble of quasisteliar galuxies
and the hypothesis of an oscillating model.

U1, Novikov, Asrenotn. I, (USSR; 41, 1075 (1964),

AH3, Scattericg of Siow Electrons by Eahanced lon Waves
near the Geomagnetic-Field Boundary.® Anaron EviaTanr,
Unseersity of Maryland.—The wattering of iow-energy elec-
trons by wn-plasma oscillations in a stable plasma contsining
both suprath:rmal particles and & current is considered using
the linearized Balescu-Lenard equation. The time required for
such waves to scatter particles through 90° is eatimated and
compared t5 the Coulomb scattering time. This time will be
short as compared to the Coulomb time o other wave-
particle scattering times for slow particles, il conditions exiat
that inhibit Landau damping of ion waves. This can explain
enhanced diffusion of slow electrons across surfaces of dix-
continuity in the Earth's magnetic field. Serbu' has ohserved
1- to 2-eV eicctrons whose density distribution shows no
marked variation at either the magnetopause or the shock
wave. We suggeat that thisis a result of acattering by ion waves
excized by the observed fast particles coexisting with the
plasma. The electrostatic oscillation spectrum has resoninces
at the electron and fon plasma frequencies. Observations of
tesnperatares and flow velocities in the transition zon - indicate
that the conditions required by this theory are satished with-
cut attaining the extreme values required for instability of
ton modes.

®Werk mpported in part by the Naticnal Aeronsutics end Space Ad-
mininsation.

VG. P. Serbu, Spece Researih (Nocth Holland Publ. Co.. Amaterdam.
1943), Vol. §,

AH¢. Distribution of Neutrai Hydroges above 120 km.
MowpEHA! LIwsRITZ,* NASA-Goddard Space Flight Center.—
Results of & new study of the hydrogen distribution in the
thermosphere are presented. These are based on a solution of
the diffusion equation for a minar constituent through an
ambient stationary atmosphere, taking into account the
effect of evaporative loss in slowing down the effusicn at the

base of the exosphcre. Results of the calculation reveal that
the “tntal” hydrogen content of the atmosphere above 110
ki is incressed by s factor of ~1.1 to ~2.0 in the range of
temperatures considered {10M)*-2500°K}. The higher hydro-
gen abundance, as well as the graster amplitiuds of variation
with temperature appesr to cone cloeer to an explanation of
the observed Lyman o rudiation.

* National Accleay of Sch
Research Aseociate.

National B s Coumed Rasdest

AHS, Hit Probabitity of Dust Particlen in the
Yiclalty of Barth. |. Wittiaiis Ruse, Row Foiytecanic Inskilaule,
~The sdvent of vekicles into space has brought into sharp
focus some of the hazard problenis to be surmounted, One
among these many problems is interplanetary dust particles
awd the hazard that it presents to spacecralt. In this regard,
the question always arises as 10 the probability that the body
will e hit by interplanciary dust particles. An sttempt has
been made here 1o answer some of these guestions, &t least
in a prelintinary way. ‘I'he probability p(2) that a hit will
occur cxacily x times in time interval £ is given by pix)
m{#%%/x 1), where # is the average number of hits. General
expression of A is A =etf, where ¢ is the cross.eectional ares of
the vehicle, ¢ the time interval, and [ Is the omnidirectionai
intensity of the particie. A praliminary putation sh
that these hit probabilities are very smalil unless it is encoun-
tered by a stream of dust particies,

BB1. Birding Energy of the Nucleus. OLtvex K. Manuxe
(introduced by James Paul Wesley), University of Missours,
Rolla.~The nuclear binding energy of the nuclide (Z,4) is
presently defined g1 its stability relative to (A4-Z) neutrons
and Z h n atoms. This definition results from a model
where the Yukawa exchange interactions are ignored and
the nucleus is assumed to be com, of Z protons and
{A~Z) neutrons. The resulting binding energies of different
nuclides are calculated relstive to different standards, except
in the special case where their sssumed neutron :proton ratios
are identical. Thus a comparison of the binding energies
of the different nuc'ides has little or no meaning. Since the
Weizslicker equation considers only the intrinsic stability
of the nucleus due to forces acting between the nucieons, this
cannot be used to calculate the binding energy s presently
defined. It is therefore proposed to define the bniding energy of
tise nuclide (Z,4 ) as ita stability relative to 4 neutrons, The re-
wilts of the two definitions of binding ensrgy are discussed.

EBR2. Comparison of Theoretical Interaai-Conversion Coef-
ficients for Magnetic Multipnies (Z=39). C. P. Buaria,*
University of Alabama, Hunisvills.—New calculations of
internaiconversion cocllicients for A=0.15 mct! have been
completed for the magnetic multipoles for Z = 39. The present
calculations are based on the following realistic model.!
Atomic-screening effects both for continuum and the bound
states are included by seli-conaistent Hartree-Fock treatment
and the finite nuclear size effects are also included. The results
of present calculations are compared with those of Rose* and
of Sliv snd Band.t

* Work sungorted in part by the Natiooal Aeromautics snd Space Ade
ministration.

1C, P, Hhalla, in Iniirael Conwrsion Process, J. H. Hamfiten, Ed. (1o be

pubtished) CP. Bhaiia. Conf. Nudl. Particie Phys., Sept. 1968, Liverpool.
M. E. Rose, /niernal Convaraion CosfRecieniy (1959).

'( :..’.‘I’\). Sliv and i, M. Rand, in Alpha- Beta- and- ng Rey Speciraccopy
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EB3. Theory of Low.Llying Spectra of Odd-Mam Nuclel
A. 1. Susxwoon, University of Colifornis, La Jolla, Anp A.
Gomwam,® Western Reserve Umiversity —The low-lying states
of an odd-mass nuclei nre to be states of an odd
{quasi} particle strongly coupled to an even-even <ove. The
quaniparticle Hamiltonian is obtained by performing the
Bogoliubov transformation. The coupled hinesrited equation
for ihe amplitude of excitation of the states of the odd-maas
anuciet are obtained by considering the equation of metionof a
quasiparticte employing an expansian in terms of & complets
et or:rmn of the ever~even core. This procedure yields
Hermitian matrix in contrast to the higher random-phase
approximation, which gives non-Hermitian matrices. The
states of the core-even core are treated by the {quaasi) Boson
approximation. Numerical calculations arc presented and
discussed,

¢ Work partiafly supporicd by the Natiooal Sci Foundath

EB4. Thooretical Investigation of the Nuclear Properties of
the Odd-Mass Pm Nuclel. T. F. O’'Dwyes anp D, C. Cocup-
nuny, Polytechnic Insistute of Brookiyn.-—The theoey of the
intermediate coupling approach in the unified nuciear modelt
is applicd to analyze the low-energy nuclear properties of the
odd-mass Pm nuclei. For this purpose, it is assumed that the
1ast odd proton, having available the Jgys and 2dys states, is
coupled to the collective surface vibrations of the even—even
core. The resulting Homiltonlan oi the coupled system is
diagonalized including all states with up to 3 phonons of the
quadrupole vibrations. With reasonable values for the coupling
strength and for the “effective” spacing in energy between
the zus and dye states, the cslculated energy ievels are in
good agreement with the recent experimental data.) Other
nuclear properties are also calculated and compared with the
available experimental data.

e I % Mot s By Mg D Vi s 7
K. P, Gapinethan wad M. C. Joshl, Phos, Rev, BI34, 297 (1964); D. B.

Fossan of al, ibid Bi40, § (1963); W. M. Currie und P, W. Duzxsul, Nuel,
Phys, 81, 561 (1963); 7. H. Chen and R. G, Ams. (bid. 83, 213 (1963),

EBS. Zero-Range Surface Interaction for Closed-Sbell Nuc-
fol.* J. LeTourneux anp J. M. ErsEnseRG, Unitersity of
Virginig.~—Recently, it has been suggested! that a zero-rarge
surface interaction may be appropriste for the description of
low-energy spectrum of nuclei. Such a force is used here, to-
gether with the particle-hole formatiam, to discuss excitations
in closed-shell nuclei. This leads to considerable simplifica-
tiona in comparison with conventione! treatments, since the
diagonalization of large secular matrices is replaced by the
solution of dispersion relations. When isospin is a good quan-
tum number, the formalism is essentiaily the same as that
developed by Goswami and Pal.! The model is tested by
spplying it to the light nuclei, and, in addition, a detailed
study of Pb™ s presented. The resulta compare quite favor-
ably with those obtained® using & more realistic interaction,
In particular, the positions of calculated levels below 4 MeV
agree to within better than 0.1 MeV.

¢ £ ; Commission. n
rom Qk."ﬁ:?&'ﬂ‘&ﬁgﬂ&ﬂi&ﬁﬂ" e Corporation for
e e e e e gwaki. Pays. Rev. B139, 1790 (1995).

VA, Govers d M. ¥. Pal, Nudl. Phys. 35, 544 (1062).
1Gidlet, Gn'g..:a;d Sanderson, Phyn. Lelters 11, 44 (1904).

pw

KBS, Applications of the Neutron-Protoa Pairing Theory.*
H. T. Cuex (introduced by L. §. Kisslinger) axn A. Soswam,
Wesern Reserve Usiversdy—~The Pal-Coawami methad s
applied for the calculation of ncutran proton {w-p} pair
correiation effects in the nuclei of Ni-Zn region. 1t is shown
that the a~p pair correlation effects are important only for
nuclei of A <70, ! “teresting resuita are obtained for odd.mass
nuclei, where the lextures of the low-lying stntes can be ex-
plained as an interplay of the relative Fermi encrgies of the
neutron and proton and the n-p pair corrclation effect. The
most spectacular results are achieved for the odd-mass Zn
and Ga isotopes where the theary predicts very-rear-lying
tevels of same j as obaerved experimentally. TFor the even—even
nuclei, the effect of quadrpole force is also included and good
agreement is obtained with experimented data as regards the
st 3* existed states.

L 2

MK P Fooaecdi of Lo S:.‘i:,“‘éf:};’:‘.ﬁ).’%‘i’:’&“?’:‘m (Atomic

Energy Commiwion, Government of Indis 1963); A, mi, Nuch
Phys 04, 228 (1964).

EB7. Nwcleon-Nucleon Force, Single-Particle Energies and
Effective Intesaction for O and F.. T. T. S. Kuo anp GE.
BrowN, Princcton University~—~Using the reaction.matrix
theory, the Hamada-Johnston potential® was used in cal-
culating the properties of 0'* and F'%. The reaction matrix
elements were computed using the separation method! for
SE and TE potentials, and reference spectrum methed! for
S0 and TO potentials. The V,{Q/¢} V| contributions for TE
tensor potential were computed using the closure approxima-
tion.! Dispersion and Pauli correction terms were investigated,
but not included in the calculation. Using the linked cluster
perturbation formalism, single-particle energies of 1dy,
25, and 19y, ware obtained by letting the valence neutron
interact with the Ot* core. Results were very encouraging. The
doublet splitting was found to come overwhelmingly from
the TOI's force through the Ist cider H-F process. The
spectra of O and F1 were obtained by diagonalizing the
effective interaction Gu{ =GQy) in the s—d sheli. Among the
extrs. configurations taken care of by the wave operator
Qu, the 3p—1A core-polarization processes were the most
important. Reauiting spectra were fairiy satisfactory for OV
but lese satisfactory for F'S,

1T, T. 8 Ko snd C. B Brows, Phys. Lettars 18, $4 (1965).
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