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PECIS

RESEARCH PROGRESS REPORT

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

N N: Th.s 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
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

The first two areas were supported by the Office of Naval Research; the studiesin phonetic English were supported in part by the ONR, 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 these programs is included.

The seoand section is a discussion of an unconventional iuforrnadion 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. This 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 that given by another.

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

This report marks the completion of the third year in which the Office of Naval

Research has contributed support to the research in the Information Sciences at the

FLockheed Palo Alto 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.

"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

establshmert of a word-data base. The English Word 8_cul.un, which has beenI • distributed to ONR program participants, illustrates !he nature of this data base. In

the second yearly report, ans-I in the present rt'wrt, examples are given of exploration

and application of the word data base and of a phr-ase 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 Inpui descriptors.

The third section documents how a word data base giving both orthographic and phonetic

forms of words has btsn used to develop an algorithm for converting from graphic to

phonetic forms.

The group at Lcmkheed takes this opportunity to express its thanks for the continued

support and encouragement given by the members of the Information Sciences Branch

of the Office of Naval Research.
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Section 1

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

1.1 INTRODUCTION

There is often a 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 so, 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 this 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. tiven

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 into 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, Le., different part-of-speech strings; and (2) if there is a partition between

sentence t ves categorized as indexible and those categorized as nonindexible.

If there is a mnanageable 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 text can be extracted by comparing its 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 the partition

between indexible and nonindexible sentences could be improved. Some possible

avenues are as follows:

0 Use a system of syntactic analysis to find equivalence classes among

sentence types such that the number of sentence types will be reduced

without destroying the partition between indexible and nonindexible

sentences.

0 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 between indexible and n~onindexible sentences.

0 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

of phrases within an indexible sentence. If this Identification can be achieved, not

only automatic extracting but also automatic indexing will be possible. Exploration

of this possibility should wait until completion of the extracting experiment.

1-2
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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 follows.

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 into the computer with this categorization. The part of speech of each word

in the sentence can then be determined automatically, and a record can be prodceed
in a storage debice, giving the sentence itself, its length, its 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 bulk of

the language

j (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 routine to read text from cards, isolating and organizing individual

sentences for processing purposes

(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 nonindexible categorization
4 jo 1-3S1 p
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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

ohecked out, and documentation is included in subsection 1. 3. 1. Program Number 5

is !eing worked out. A simple form of Number 6 has been programmed, checked out,

and documented, 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 a 4-minute task). The compilation of the words for the

dictionary is described in Section 1. 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 progranmming 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. (T),- 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 enough 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 :•ias 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, published for the Council on Foreign Relations, Harper, 1960.

(2) Niel W. Chamberlain, The Firm: Micro-Economic Planning and Action,
New York, McGraw-Hill, 1962.

(3) Charles coulston Gillispie, The Ee of Obecvity: n Essay in the
H istry of Scientific Ideas, Princeton, N.J., Princeton University Press,
1960.

(4) Walter James Greenleaf, Occup-on• ; A Basic Course for Counselors,
Washington, D. C.. Government '-ting Office, 1954.

(5) John G. Gurley and Edward S Shaw, Money In a Theory of Finance,
Washington, Brookings Institution, 1960.

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

(7) Mark S. Massel, Competition and Monopoly, Legal and Economic Issues,
Washington, Brtokings Institution, 1962.

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

(9) S. M. Siegel, The Plant Cell Wall - A Topical Study of Architecture,
Dynamics, Comparative Chemistry, and Technology in a Biological
Syste (International Series of Monographs of Pure and Applied
Biology, Plant Physiology Division, Vol. 2), NY., 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 reasonable; 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" stood 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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cime any sentence containing either "Chinese" or "Communist" and a form of

"ideology" (i.e., ideological) was called indexible. For the entry "Ideology of

Mao," "Maoism," thought of Mao-Tse-tung" and "Maoist ideas" were z1I

accepted as index phrases.

Thus an attempt was made to identity as indaxible all sentences whose thought

was concerned with an item in the index. This does, unfortunately but necessarily,

involve a subjeetive judgement. Often, as in the case of the entry "Ideology of Mao,"

the exact entry does not occur in the text at all. Even when it does, it does not seem

reasonable to ignore other sentences containing concepts which the human indexer

regarded as 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

keyptmching 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 sequence for

running under the BOS monitor, and a logic flow diagram (Figs. 1-1 through 1-6).

1.3.1 Program Documentation

s DICT PROGRAM

DDascription: DICT is a routine which r .ads dictionary entries of a prescribed format

from the card reader and stores them in a conlensed, coded form on magnetic tape.

Logical IOCS 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 dictionary on disk, for random

access by keys Control cards for both D1iCT and for the SO1'3-MERGE program are

given below. t
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Input and Output Format; Each dictionary entry Im punched on a separate card. The

word occupies columns 1 through 12; It is unlikely that function words will be longer

bu if they are they will be truncated. The part-of-speech codes are given by two-

character alphabetic codes which start In column 30 and are separated by blituks.

For example, the word "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 L" columrns 36 and 37. On tape, each word occupies an

80-byte record of which the first 15 bytes are used, 12 bytes for the EBCDIC codes

for the word itself, and , bytes for a binary representation of all the part-of-speech

possibilities of the word. (Eighty-byte records were used because 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-speech 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

PRirt of Speech Alphabetic Position
Code From From

Left Right

Ends LS HS 24 1
Noun-Adie-c .ive NA 23 2
Adjective AJ 22 3
Verb VB 21 4
Adverb AV 20 5
Preposition PR 19 6
Conjunction CJ 18 7
Pronoun PN 17 8
Interjection I1 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
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Thus the Lp1ificant part of th* cape record for the word "after" will be as follows:

bytes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

AFTER 00 0) 70

EBCDIC Codes Hexadecim ai
as shown

Input cards are read and condensed Into the 15-byte format and written on tape unit

180, unblocked, upti" the IOCS end-of-file card (with slash and asterisk) is encoun-

tered, at which time an EOF is written on tape. Any cards with illegal format or

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

In forming a 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 fWe (by key) on disk by the DICTF program.

Control Cards:

0001 / JOIA DICT
0002 // [(ATF 66133 5/13/66
0003 //ASSC,,SYSOO2,xolPOtT1,XtqoI
0004 / EXFC L{W_)-F;R,R

0001 !JOB OSORT
0002 DATE 66034 2/3/66 _
0003 ASSGN SYS0OO#x018O'4T1TX'90'
0004 VOL SYSO01,SORTW
0005 , /DLAA ... 8'K SOS SORT / K .,RE ... 09 7•t

0006 ~~0001,65349 ,,65 34994i0000O00O0000000

0007 // XTENT 1,00,090O10O,0199009,'094737',SYSOO1
0008 II ASSGN SYSOO2,X'1I80,TI1x'9g' .
0009 t/ EXEC
0010 OPTION MESSAGES=SYSLSTtPR1Nb#STORAGE=16O00, LABEL.iU,U)
0011 INPFIL 1NPUT=TVOluME*1.,LKS.7E-jgO.X1
0012 OUTFIL OUTPUTzT,BLrSIZEz8O
0013 RECORD TyPE:F,LENC.TH (BOh)
0014 SORT FIELDS=i1,12#AjtfORMA=•HI51ZE=0OO....
0015 END
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M DTF PROGRAM

D: DICTF takes the sorted output of DICT from tape 180 and forms a

random access iLMe on disk, using logical 1OCSo Both Input and output are double

bufiered. Eighty-byte records are input from the tape; the first 15 bytes (the only

signlficant 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 accessed

and the last 3 bytes (the part-of-speech codes) constitnte the argument supplied

when the record is accessed.

Error Mesages: A dump is supplied if the disk file Is successfully built and

closed. If errors are encountered, the 15-byta error records are dumped, headed

by a code to indicate the nature of the error. These codes are as follows:

MNDEXFULL cylinder index area is full

DISKERR uncorrectable 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 iollowed by a full dump and control is returned to BOS.

Input and Output 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. Records are stored and indexed by logical IOCS

for random access, in the disk areas specified by the XTENT cards. (See control

cards below.) A track index is formed in the area given by the XTENT 4 card;
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no master tudex Is used. The XTENT I card gives the primary data area and the
XTENT 2 card gives the overflow data area.

I+

Control Cards: Note that for BOB version 6.2, the name in the DLAB card must be

changed with each run, due to a bug tn logical 1 .CS.

0001 IIJOB DICWr

0003 II VOL SYSOOISOICT
0004 0LAk ' SDICTII 1094737#t C
nnn) OAAI•A flfn. #flflflflflnflnf nt
0006 II XTENT 4,00Ol0101000,0103009,'094737'.SYSOoa
0007 1/ XTEN? I,020104000,01i5009'0 947374,SYSOo1
ODQ4 /.tXTfNT ,
0009 /1 EXEC LOADER#RS0010 /*
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BEGIN

*•, Open the TAPEIN and SDICT
ffles. Inittalize SDICT Mie

Read a tape record EOF
TAPE!N file

recor diskEnd SDICT file
WrIT itethtrcronds and print END
SDC fl message

Close• TAPEI

landSDICT files

Fig. 1-2 DICTF Program Flow D~iagram
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IJ

IJ
. RSENTR (Read Sentence Routine) PROGRAM

Program Entry: RSENT

Descr!Etion: RSENTR is a subroutine which reads text from cards, providing one

sentence to the using routine each time it is called. Double 'Lffering is used in

reading te;t under the logical IOCS system; both buffers are set a"ide 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 and length of each word. RfcENTR also provides the using routine

with the page and sentence number of each current sentence, the numnber 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 nuw her 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 a map giving the loc,..tion and length of each word in the
sentence. 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 half-word contains the number of bytes occupied by
the word. The first full word 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 is not.

ERROR an crror return, which is not currently being used. The compuedr
will stop or give a dump on -rror.

SiEOF the EOF return; all sentenrL3s have already been processed.

Input Format: If it Is desired to set the initial page number at a value other than

zero, the first card should have a $ in column 1 aud the page number in columns

2 through 6, all of which must be punched. The page number can be made to identify

the text by adding a large constant, 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 i can read $10256 and

for text 2, $21001. The page number will be stepped by 1 and the sentence count reset

to zero every time a card with a $ in column 1 (and Lhe rest blank) is encountered.

Text is punched free form in columns 1 through 72, except that each sentence must be

followed by either twc blanks, or one blank plus one dollar sign. If a dollar sign is

present, tne sentence will be identified as indexible. (See Calling Sequoncc.)

Detailed rules for keypunching are given in subsection 1. 3.2. The EOF card has a

slash in column I and an asterisk in column 2.

Output Format: See Calling Sequence.

Control Cards: RSENTR is a subroutine stored in the relocatable library. An

INCLUDE IISENTR must follow the PHASE card of the using program.
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RSRUN" SEGV

so as~ P'.42 sdf*

S~~~arAl 1211 &do*"2-~ ~ TM

Load ills0 treat 10I

Fig.:T -:2 SNR rga io iga

ClseCADIJfie alof I CrrntCatil 16II
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P O8 (Part of Speech) PROGRAM

DescriEgon: POS is a subroutine wh4-,, -i._rmlnes the parts of speech of the English

word whose location and length are given in register 10, storing the part-of-speech

code in the location specified by registor 11. POS uses logical IOCS to look up each

word in the indexed sequential dictionary file (on disk) produced by DICTF. For all

words not in the dictionary, the parts of speech are determined by analyzing the

graphemic structure of the word as described in Section I. 4 oi Part I of the 1966

Annual Report.

Diput and Output Format: POS assumes that the address and length of the word wtose

parts of speech are to be determined are in a location specified by RIO (rZister 10).

The first 2 bytes of the full word specified by RIO 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 RI1.

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 . tLOC $AFIX CAFFIX, CLENGTH, CPOS
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This macro puts the letter string CAFFIX, which has a length CLENGTH at the

location tLOC. Immediately after the string it stores the 3-byte code for the parts

of speech indicated by CPOS. CPOS 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 words of 4 or more syllables

AJV adjective and adverb

If CPOS is blank, a zero is storvd instead of a part-of-speech code.

2. CLOC $ENDT

This macro stores a hexadecimal FF at "LOC. This is the code POS uses for

ending a table.

3. CLOC $LETR JR, CYES, CNO, CLEN1, CSTRING1, CLENs2 CSTRING2

This macro generates a code for checking the nth letter in the KERNEL buffer (where

n is in register CR) against the letter string CSTRING of length CLEN, with a

transfer to CYES if a match occurs or to ENO if it does not. CLEN and CSTRING

can be repeated in pairs to check for more than one string (the OR condition). Thus

if R8 = 3, $LETR 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 NO will result. If either CYES or 4CNO is left out the transfer will be

to the next instruction in sequence.
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4. CLC $LETN LN, &YES, CNO, tLEN1, SThING., CLEN1 STRIG.1 2'

This macro is identical to $LETR except in the designation of the letter to be checked.

In $LETN, n is given by CN; in $LETR n is given in register tR.
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to this "nixh at the Yes Does this suffix and in NG

Nc0 No a this word end In
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* SENDICT (Sentence Dictionary) PROGRAM

Descrition: SENDIC creates a sentence file on disk, with each record of the file

representing one sentence. SENDIC assembles each sentence, its part-of-speeh

strings, and its identification into a variable length record, and uses logical JOCS

to form a blocked sequential file of Lhese record.s. RSENTR is used to read the

sentences from cards and PO5 is used to assign part-of-speech codes to the words.

!atFra: 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 IOCS accumalates as

many records a 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 I The character I or N for indexible or not
indexihle

2 2 The page number in binary, right justified

3 1 The sentence number in binary, right justified

4 1 The number of English words in the sentence,
in binary, 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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-q2l~rolCars:Cards 19 thrugh 22 are representative data cards; see the data
¶ ~Input section of the RSENTR documentation.

0003 /If V~oL SYs~oSOOISDCT
0004 // DLAB 1 505~1010971'

0005 XENTR S&OSTART00150*0977t$SC

0019 VO00200 LSETF
00Z09 J A DtAfltiB~ l it9e~ KEfTiNI L094737f __

0022 EXC1OAE

0021 PHYSCSKHABEENDH CUTTIINGEDG & SPAECE CONCEPANY EtAN T
A b00O'22e P O a g o lca! COP I IO



Open the sentence map

L ead R a winthtenacdessi

dump and return outl R8Ecrde tie0
return indicates result of

Callrol toBOsuboF teste mi_ýnot EO:DF

Load RIO (register 10) with c

of the re o first entry I
in the sentence mapi

Load Rll with the address in
the output record where the POf
routine in to store the part-of-

speech code

S~Call POS subroutine to determine

and wore the part-of-speach code
of the current word

SStep RIO to the next entry in the

sentence map; i.e., step to the
next word in the sentencei
Sto1p RII to new addr'ess in the

output record where part-of-
speech codte th l e stored

Have all w-rds h n n pressed ?y

SReset RIO to address of the last
entry in the sentence map; calculate
the length of the sentence In bytes (N)|

oethe sentence fieD

Fintothe output record

Calculate the length of the record
(9 + 3M + N) and store-It in field 0.
(Fields 1-4 have been net by
RSEN'TR).

the sentence file

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

Dg0S ption: SENINT is a program which reads sentence records from the disk

file produced by SENWIC or SENSORT, interprets them, and prints the sentences

A watence information on-line. SENDIC (see wrift--up) is the program which

produces the original sentence file. SENSORT inot yet completed) processes the

original sentence file to produce an ordered sentence file. SENINT is currently

Wfisg revised to take its input from tape as well as from disk.

InpUt and Ou.tput 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 sentences 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 16, 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 sla!-' -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:

0001 // JOB SENINT
Q0oo, ILP .. ! AIE •eJ__O/)_j~b _ ____ _

0003 dl VOL SYSOOISENTFi.
0004 /1 DLAB # SENTFILEI 1094737's C
0005o 0ool .s6iOO0 • *(3000000O0000000
0006 // XTENT itOpOOO01000,0100009t'094737',SYSOOI
0007 /1 EXEC LOADER
.o_•4 PHA.,• $jN [NTS .......- __ __

0009 INCLUDE SENINT
0010 ENTRY SISTART
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1.3.2 Keypunching Rules

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

punch a card with a $ ii column 1 and the rest of the card bl Ak.

2. The text should be punched more or less naturally in columns - through 72, as

in typirl, except .hat the following rules must be observed.

,a) Each sentence must end with a period, exclamation, or question mark

followed by either two blanks6, or if there is a red $ following the sentence,

by one blank and then one $. There may be any number of blarnks before

the beginning of the next sentence.

(b) Do not split a word between cards. Make sure that the last word terminates

at or before column 72 and leave the rest of the card blank. Words riust be

separated by one blank. More blanks are O.K.

(c) 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

be O.K.

(d) Any mark of purictuation other than a hyphen should be followed by a blank.

Thus should there be contiguous marks of punctuatior,, separate them by

blanks.
(e) Do not punch elipsis marks or use periods or question marks followed by a

blank in any other capacity tban to terminate a sentence.

(f) 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 A0 11 12 18 19

t h e w o r d " b i o o g y"

or

col 1 2 3 4 5 6 7 8 9 10 11 12 18 19 20

t h e w o r d " b i o o g y
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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 w o r d, b i o 1 o g y"

3. The codes used for special characters are as follows:

Name Symbo Punch

period 12-8-3

less than < 12-8-4

left paren ( 12-8-5

plus + 12-8-6

ampersand & 12

exclamation 1 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 % 0-8-4

dash - 0-8-5

greater than > 0-8-6

question mark ? 0-8-7

colon : 8-2

apostrophe 8-5

equals 8 8-6

quotation mark " 8-7

These are standard codes for the IBM 360 computer.

4. Unfortunately, the punctuation rules (c) and (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 71 72

E N D

5. Punch titles like sentences, supplying a period.

1-27

LOCKHEED PALO ALTO RESEARCH LABORATORY
"L O C K H O [ 0 MS1L SE S I " S PA C E COMPANY

A GRIOUP DIVISION OF LOCA'lEE AI|2C AFI CO PQI9A1ION



Section 2

AUTOMATIC RETRIE IAL OF ENGLISH AND
RUSSIAN TECHNICAL TEXTR`

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.

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 Russian-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 search strategy generally used in information retrieval systems is that of

ooordinate or inverted file searching. In such a search, the user normally formu-

lates his request as a Boolean string of descriptcTr where the descriptors are
words or phrases used to index the document collection. Retrieval then consists of

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

the conditions of the Boolean expression.

The drawback to a 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 as 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 establish 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 pr eposition of and the prepositional phrase of proton polarization modifies 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 to distribute syntactic

relationships throughout an entire sentence. For example, the government pattern

for comparison is

comparison of S/ with S

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 plates,
and which have relained after the second plate a momentum
greater than 19. 3 M4eV with the expected numbers of particles
of various masses.

The retrieval system under discussion has the unique feature of allowing the user to

syntactically comnbiiie 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

f the system responds that ten documents contain the descriptor in question, the user

knows that they contain the descriptor as be formulated it - direction of proton

polarization. This is made possible because the entire tile 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 allows 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.)
LIET

ADD DI, D2,...

DELETE D1, D2,...

CALCULATE DI, D2,...

DISPLAY X (X is any number of titles containing
the descriptor or any number of index
items containing the descriptors)

MORE

WRITE

The descriptor, D, may be used as the actual descriptor word or it may be used as

tae 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 visual 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. Display I shows user input and system response to the ENTLTi,

LIST sequence.

It may now occur to the user that it would be worthwhile to see a display of jproton

spectrum rather than proton and ppectrum. This is accomplished by an ADD command

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

syntactic units.
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ENTER PROTON, SPECTRUM, DEUTERON BOMBARD~MENT,

LIST
HYDROGEN, HELIUM

LIST

NUMBER OF NUMBER OF

DESCRIPTOR DOCUMENTS ITEMS CONTAINING D

I. PROTON 25 40
2. SPECTRUM 75 100
3. DEUTERON BOMBARDMENT 12 20
4. HYDROGEN 80 10

: 5. HELIUM 60 125

Display 1

ADD PROTON SPECTRUM

SNUMBER OF NUMBERO
DESCRIPTOR DOCUMENTS ITEMS CONTAINING D

I1 PROTON 25 40

i2. SPECTRUM 7510 75 100

3. DEUTERON BOMBARDMENT 12 20
4. HYDROGEN 80 100
5. HELIUM 60 125
6. PROTON SPECTRUM ,0 15

Display 2

The user, if satisfiedwith this result, could delete the proton and spectrum entries
(Display 3).
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NUMER OF NUMBER OFDESCRIPTOR DOCUMENTS ITEMS CONTAINING D
1. DEUTERON SOARDMENT 12 20
2. HYDROGEN so 100

4PRTON SPECTRUM 10 ,15/.

Display 3

Let us assume, however, that the user is satisfied with his initial Descriptor List
(Display I). He decides, perhaps, to browse through the 40 index items which contain

Eo.on. This can be accomplished with a 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

Display 4
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Any list can be continued on the scope by using the MORE command.

St~NDEX ITEMS FOR PROTON 1

" |13. PROTON SPECTRUM FROM DEUTERON BOMBARDME•NT
S~~OF HYDROGEN AND HELIUM •-

14. DIRECTION OF PROTON POLARIZATION

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

F by adding to the Descriptor List. Thus, the ADD command is used and the number 13

and the words proton polarization typed out.

AD (13, PROTON POLARIZATION)

SNUMBER OF NUBRO
• ~DESCRIPTOR DOCUMENTS ITEMS CON_.TAINING_. D

2. SPECTRUM 75 1

3. DEUTERON BOMBARDMENT 12 20

4. HYDROGEN 80 100

5. HELIUM 60 125

6. PROTON SPECTRUM 10 15

7. PROTON SPECTRUM FROM 4 6
DEUTERON BOMBARDMENT
OF HYDROGEN AND HELIUM

S. PROTON POLARIZATION 2 4

Display 6
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Now the user decides to examine the titles of the articles containing item 8, proton

wpoh, w was just added to the Descriptor List.

DIL TITLES (DS)

LARGE-ANGLE NEUTRON-PROTON CORRELATION FUNCTION

AT 23 MEV. MALANIFY, BENDT, ROBERTS, AND SIMMONS.

NEUTRON-PROTON ELASTIC DIFFERENTIAL CROSS SECTIONS
FROM I TO 6 GEV. KREISLER, MARTIN, PERL, LONGO, PO.WELL.

Display 7

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

chooses, the indexes to the titles.

"LARGE-ANGLE NEUTRON PROTON CORRELATION F UNCTION

AT 23 MEV. MALANIFY, BENDT, ROBERTS, AND SIMMONS.

NEURND-PROTONET ELASTIC DIFFTERENIAL, CROSSRECTONSU
FRM1TOANSGEV. REISLN-EERGY MRINTERVL, LONGO, PYDOWELL

TARGETROTONPOLARIZATION, NEPROECORRLARTION FCONTIM

PASE SHIFT ANELYTISE POLRIZASETION, POLARIZRED-NEUTRON,

POLAIZED P TRON E, PROE I

OHNSON-PROTEN EASTIA DEL C ROTION

ENDIN MAO GNET, KELSICER, TTERTINGER, FOUR-OMOENTUM

TANSMETR, ICIDENT-EERG TENESCOAE, IQUIDN HFYPROGEN

AEPTPOLARIZATION, NEATONREEARCOROATON RY NTUM

PANDSHF ANGERLATYIVECROSSRIECTION, POLATTERED-NEUTRON,

ANGL 9E, SAR CHMB~ER, STELPLACE SAKCOAMBERAWLL

CPOLLIMUED NPRUTON BARGEA M. ICTION OHAMADA

NEUTRON PROTONEATCDEENTIAL COSSCIN

JO,_.HNSON PTNILMODEL. 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:

tCLULATE (D] + D2 + D3-D5)

OC.J5 5 TSYSAR MEDOCUMENTS SATISFY S.ARCH ARGUMN

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 comnmnd 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.

* Russian text on magnetic tape

a 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 algorithins described in Ref. 2-2
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A detailed examination of some indexed output will be helpful in tmderstanding the

file structure of the retrieval system. In last year's final report, a few paragraphs

of a geological article, "Phase T:'.gzsformations in the Interior of the Earth," by

S. M. Etishov, Nature, September 1962, were indexed as an example. We nuw show

the index of the entire article (Figs. 2-1 and 2-2). (The article itself is presented in

Appendix A. ) Aa before, two indexes are shown. The simple index is a listing,

alphabetically arranged and with duplicate entries eliminated, of the English transla-

tions of Russian phrases in the text. The complex index ;s a cross-indexed version

of tho 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 two subroutine calls will eliminate this error. The

phrase earth in series of zone should more properly be earth in series of zones.

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

to zones to correspond to the Russia- 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-

lax forms coincide. The phrase hypothesis about chemical is caused by a programrming

error which incorrectly assumed that a word following a preposition would be a noGUn

or noun phrase. This error can be easily corrected. The phrase state of silica in

condition is a meaningless phrase which occurs becaube the Russian word following

condition does not hapoei, to be a dictionary entry. It is difficult to see how to correct

this problem since it is a semantic problem caused by the general meaning of condition.

The m.nd expects a precise qualifier that does not come. One feels intuitively that

this problem should not occur often and, in tact, in this article this is the only svcb

occurrence.

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

it is interasting bezause 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 RW• ýACTION PURE
AVERAGE DENSITY INDIVIDUAL

INTERMEDIA 1 .
INVESTIGATION REGION

CHARAC,[R IRON REGISTER
CHEMICAL IRON METEORITE RESEARCHER
CLOSEST PACKING ROCK
COATING ROE NIGE NO SPECTRAL
COESITE JOINT RUTILE
CONDITIONS
COORDINATION NUMBER
CORUNDUM LIGHT SCIEIN-"
CRYSTALLINE LIMIT SERIE
CUBIC PACKING LOWER SIDE

SIL ICA
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

FOURFOLD
OBSERVATION
OLI VINE TABULAR CRYSTAL

GEOLOGIST ORIGIN TEMPERATURE
GEOPHYSICS OXYGEN TETI'AHEDRAL
GRADIENT THEORY

TRANSFORMATION
PACKING TRANSITION

HARDNESS PERICLASE TYPE
HETEROGENETIC PHASE
HIGH HARDNESS PHASE TRANSITION
HOMOGENEOUS PRESSURE WUSTITE
HYPOTHESIS PROCESS

ZONE
IMPURITY

Fig. 2-1 Simple Indcx

2-11

LOCKHEED PALO ALTO RESEARCH LABORATORY
LOCXHEED M IS SI lE k & SL 5 A C E COMPANY

A G ICU OIY 1 SI ON OC DE A19C2AFT C PQ P I I(N



AMORPHOUS SILICA HYPOTHESIS ABOUT ORIGIN OF EARTH PHASE TRANSITION
ARRANGEMENT PRE SSURE
AVERAGE DENSITY OF EARTH PRE SSURE AND TEMPERATURE

IM"~ITY, PON WiTH PROCESS
INCREASE OF DENSITY PROPERTY

CHKaRAC1!R OF LIMIT INDEX OF REFRACTION PROPERTY, ELASTIC, OF LOWER MANTLE
CHARACTER OF METAL INDIVIDLUAL MONOXIDE, MIXTURE OF PROPERTY, METALLIC
CH4EMrICAILY DIFFERENT,1ATED EARTH INTERMEDIATE REGION PROPERTY OF MANTLE

CLOSES PACKING INVESTIGATION PROPERTY OF ZONE WITH TRANSITION
CLOSE~ST PACKING WITH OXYGEN IRON OF OL.IVINE
COATING IRON IN CENTER OF EARTH
COATING SILICATE IRON METEORITE, EXISTENCE OF
COESMT, bENSIY OF IRON WITH"1MLRITY REGION, INTERMEDIATE
CONDITIONS REGION IN MANGLE
CONDITIONS STATE OF SILICA IN REGISTER
COORDINATI 6 N; NUMBER LIGHT RESEARCHER
CORUNDUM LIMIT ROCK
CORIJ4DLM, HARDNESS WITH LIMIT, CHARACTER Of ROCK Or- METEORITIC CRATER

*COSMOGONY, GEOPHYSICS AND LOWER MANTLE, ELASTIC PROPERTY OF RUTILE
CRUST LOWER MANTLE, STRUCTURAL MODElL OF
CRYSTALLINE STRUCTURE WITH SILICON MAGNESIUM
CUBIC PACKING MANTLE SIDE SUPORT WITH

MANTLE, HOMOGENEOUS .SIRI&, AMORPHOUS
MANTLE, MATTER OF SILICA, MODIFICATION OF

DENSE MODIFICATION MANTLE, PROPERTY OF SILICATE COATING
DENSITY. GRADIENT OF MANTLE, RE,3ION IN SILICATE STRATUM
DDEI'STY, INCREASE OF MANTLE, STATE OF MATTER Of SILICON
OfENSITY AND ELASTICITY MANTLE, STRUCTURL OF SILICON, CRYSTALLINE STRUCTURE WITH
DENSITY OF COESITE MANTLE OF EARTH SILICON, TRANSITION OF
A ANSITY OF EARTH MATTER SILICON IN FOURFOLD)

*DIFFERENTIATION OF MATTER MATTER, DIFFEREN T IATION SLAG
DISTRIBUTION OF DENSITY IN EARTH MATTER, HIOMOGEN.EOUS SPINEL, STRUCTURE OF Th'PE Of

MATTER OF EARTH STAGE
MATTER OF MANTLE STATE,* STRUCTURAL

EARTH MAXIMUM STATE OF MATTER OF MANTLE
EARTH, AVERAGE DENSITY OF MELTING OF SULPHIDE ORE STATE Of SILICA IN CONDITIONS
EARTH, CHEMICALLY DIFFERENTIATED METAL STRATUM
EARTH, DENSITY Of MET;,L, CHARACTER OF STRATUM, SILICATE

*EARTH, DISTRIBUTION OF DENSITY IN METAL, MIXTURE OF SLILPHITE AND STRUCTURAL. STATE
EARTH, HYPOTHESIS ABOUIT ORIGIN OF METALLIC IRON STRUCTURAL MODEL, Of LOWER MANTLE
EARTH, IRON IN CENTER OF METALLIC PROPERTY STRUCTURAL TYrPE
EARTH, MANTLE OF METEORITE STRUCTLRE
EARTH, MATTER OF METEORITIC CRATER STOUCTUAE, CRYSTALLINE, WITH SILICON
EARTH. SURFACE Of METEORITIC CRATER. ROCK OF STRUCTURE OF MANTLE
EARTH, THEORY OF ORIGIN OF MIXTURE STRUCTURE Of OLI VINE
EARTH IN SERIES OF ZONE MIXTURE OF INDIVIDUAL MONOXIDE STRUCTURE Of TYPE OF SPINEL
EARTH4 SHELL MIXTURE OF SULPHITE AND METAL SULPHIDE ORE, MELTING OF
EARTHQUAKE MODEL SULPH1TE
ELASTIC PROPERTY OF LOWER MANTLE MODEL, STRUCTU&AL, OF LOWER SUPPORT WITH SIDE
ELASTICITY, DENSITY AND MANTLE SURF ACE OF EARTH

MODIFICATION SYNTHESIS
MODIFICATION, DENSE

FOURFOLD MODIFICATION Of SILICA
FOURFOLD, SILICON IN MONOXIDE TABULAR CRYSTAL

MONOXIDE OF TYPE OF PERICLASE TEMPERATURE
TEMPERATURE, PRESSLRE AND

GEOLOGIST THEORY
GEOPHYSICS OBSERVATION THEORY OF ORIGIN Of EAqTH
GEOPHYSICS A~ND COSMOGONY OL IVINE, PROPERTY OF ZONE WITH TRANSFORMATION
GRADIENT OR flENSITY TRANSIAON OR TRANSITION

OLIVINE, SNUCTUAE OF TRANSITION OF SILICON
OXYGEN TYPE, STRUCTURAL

HARDNESS WITH CORUNDUM OXYGEN, CLOSEST PACKING WITH
HIGH HARDNESS
HOMOGENEOUS MANTLE WUSTITE
HOMOGENEOUS MATTER PACKING, SYMMAETRIC
HYPOTHESIS PERICLASE, MONOXIDE OF TYPE OF
HYPOTHESIS ABOUT CHEMICAL PHASE ZONE

ZONE, EARTH IN SERIES Of

Fig. '1- Complex Index
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crystalline, with silicon and silicon, crystalline structure with. For retrieval pur-

poses, this leads to four pointers - crystalline, c alline structure, structure, and

silicon - t0 the phrase crystalline structure with silicon.

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

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. If a

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 a prime, secondary, or tertiary item. Prime items 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 phrase) 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 (noun phrase)
rotating
distribution
density
earth
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LOCKHEED PALO ALTO RESEARCH LABORATORY

L 0OCHE D M15I1. &OC C) IF A OANY
A G~o, POU V I ION 0 $t f f [I¶ ArR tA# 702 R A I a, ON



"* Secondary items - electron emission
rotating magnetic field

"* Tertiary 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

according 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 sepcrate 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 information ordered according to authors,

another according to date, another according to index term etc. The entire file 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
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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 rotatin m~etic field iF

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, cut by changing

the pointers as desired.
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2.4.3 File Structure of the Retrieval System

The file structure 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

elements.

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

filee :uid 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 follo-,, )r. rc and

secondary items:

a Prime items density
distribution
earth
electron
emission
magnetic field
rotating

* Secondary items - electron emission
rotating magnetic 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 out completely, it is expected that they will not differ greatly from those

presented here.

This retrieval system is being dfksigned to run under the LACONIQ monitor.

LACONIQ is a time-sharing system designed to implement real-time applications.

LACONIQ handles queuing, polling, chaining, and ether real-time ft.nctions 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 drime item ener might look.

As was mentioned in the previous subsaction, the data records will be kept on four

different files. The files are callea 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 descriptoi s are processed initially. Through Boolean operations, ar.

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 able to tell the user how many docurnernts

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.
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I

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

F 1 PRIMARY FILE

01 PRIMARY FILE OVERFLOW

F2 SECONDARY FILE

02 SECONDARY FILE OVERFLOW

F3 TERTIARY FILE

03 TERTIARY FILE OVERFLOW

C4 DOCUMENT FILE

04 DOCUMENT FILE OVERFLOW

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

NO. OF BYTES 2 3 BYTES EACH VARIABLE

T ARBITRARY FIELD 1 FIELD 2 ...
Y NUMBER OF
P FIELD INDICES

!/F E

CIFC

L0D
-E

C/F DETAIL

NO. OF BITS 4 12

0OX0 COUNT (NO. OF BYTES IN THIS
If X 1, RECORD LOGICAL RECORD
IS CONTINU__ED

FIELD INDEX DETAIL

LAST FIELD INDEX

NO. OF BYTES A S O 2

FIELD DISTANCE (IN BYTES) .ITCENO. OF BYTES
IDENTIFI- OF FIELD FROM X'FF' IN THIS LDGl-
CATION ST.ART OF LOGICAL CAL RECO•RD

CODE RECORD

FIELD DETAIL

SUBFIELD 1 LAST SUBFIELD

1 VARIABLE VARIABLE

NO. OF DATA ... X'00' DATA
BYTES IN
SUBFIELD

Fig. 2-5 Basic Data File Structure for [andom Access Files
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The prime/secondary file (PSF). as its name implies, contains both prime and

secondary in1dex items. Silice the file is arranged alphabetically, the prime and

secondary items are mixed together. Also, since se9condary index Items are
"pointed to" by prime index items, it is possible for thz PSF to point to Itself.

(See Fig. 2--3.)

All four files will be located on the IBM 2311 Disk Storage Drive. Such a disk

has a maximum capacity of 7.25 million data bytes. Since LACONIQ is also

located on disc, the retrieval 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

system. 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

abstracts, 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 correspond 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 pioduced 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.

2-23

LOCKHEED PALO ALTO RESEARCH LABORATORY
L 0" C KP h E [ E) AF S S I t 9 , 5 & P A C F C 0 U P AN IF

A GROUP DIVISION OF LOCIfIS & A'IfIAfI CORPORATION



In addition, imrc it is desirable f" at the retrieval System be e apable of using word

goverament informatlion (Ref, 2-3). such paLteins have been noted by the indexer and

are incorporated into the data base.
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Section 3

COMPUTABLE RELATIONS BETWEEN THE ORTHOGRAPHIC
AND PHONETIC FORNMS 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 aad

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,

Although there is substantial agreement on the orthographic forms of English words,

the phonetic representations corresponding to a large number of English monosyllables

differ from one tra: cription to another (Ref. 3-1). This situation, 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 claim 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 is advi~afi:c to write separately the computable relations

*Work on this task was condL .- d by B. V. Bhimanl.
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between the orthographic forms and the corresponding phonetic represcntations proe-

pared by each authority, and then to arrive at an. optimum set of rules that displays

Maximumun agreement in the phonetc representations of corresponding orthog-raphic

forms. To define such an optimum set of computable re- ,tions also requires compari-

son of the phonetic representation.s of a specifiedl arnd large set of words as anscribeed

by different authorities: such a comparison provides information on the consistent

patterns among the phonetic representations studied, as wel as on differences in the

transcriptions. At fUrst, such a cýomparison of phonetic data may seem to be needed

primarily for the deveicpment of a speech recognizer, or for certain linguistic studies

such as those relating the dialect patterns of English; but it is also required for ascer-
I I 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

agreement 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 increasing the

accuracy of the program that maps the orthographic form of words into corresponding

phonetic representations.

The procedures which will be described here do take into account the differences

between the dialects studied, but not the idiosyncrasies of individual speakers; it is

expected that u.tsion of these techniques may permit treatment of the latter. The

computable relations between the phonetic data representing the various dialects pro-

vide a machine with an ordered set of rules which, when properly used, can reduce

the burden of storage and search for a general-purpose 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 recognition 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. Thii subject is discussed in recent literature (Refs. 3-3 through 3-8).

On the basis of the data discussed in subsections 3-2 and 3-3. we contend that com-

putable relations between the orthographic forms and the corresporoing phonetc

representaions, as well as between the various phonetic representations that corres-

Pond to any ofohrrmfhic form, Pan be established for a group of xymbolu czaled

marker-vowel -marker. This group of symbols is similar to groups described pre-

viously 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 asors-

tic characteristics, but a method for computing such a list is presented in subsection 2.)

It is also shown 'a this study that the phonetic data transcribed by one authority cannot

be accurately transformed into that by another authority by writing equations that map

each vowel symbol of one transcription into a corresponding set of vowel symbols of

another transcription or by oquation" !hat map each set of consonant symbols of one

transcription into corresponding consonant symbol(s) of another transcription.

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

as produced and/or perceived by humans is a subject for other papers. This paper

discusses the evaluationi of the computable relations that map into the various phnnetic

representations from corresponding orthographic-form English monosyllables [defined

here as th-)s'! words which have a single uninterrupted vowel string in their phonetic

representation according to the Shorter Oxford Dictionary (SOX)(Ref. 3-10)], The pho-

netic representations studied are those in; five recent dictionaries (Refs. 3-10 through

3-14). In subsection 3-2 an approach is 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 Enghsh, and of the .iaiect patterns of the

jaAguage 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 are 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-

tions require storage and operation times which will permit them to be run on a

miedium-sBie, mediurn-speed conputer with less than 10-percent err-r, when conm-

puted phonetics are compared with these if five dictionaries (Refs. 3-10 through 3-14).

(Error rates can be reduced t the deaired leve by storing a set of excr-ption words. j

The computer programs which generate p itC reptusntations of orthographic -form

words can readily be adapted to provide phonetic forms as transcribed by any qualified

linguist. This is because the entire algorithm is related to the orthographic form of

English words and the computable relatioms use the marker-vowel-marker symbols,

which also establish computable relations between the various phonetic forms (Refs.

3-10 through 3-14). When the computation from the orthographic form into the

phonetic form of words is completed, the resulting data are compared with those in

other sources (Refs. 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

Illustrated in Fig. 3-1 are the several functions a computer must perform to receive

questions in the form of coded pulses and transmit its answers in the form of synthe-

sized sl-pech. The reader is referred te recent advances in computer software that

promise to make it practical to write programs in a freely 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

srarcnes trnd look-ups, and of formulating the answer. Since present-uay computer

output is almost exclusively orthographic, it must be transformed into appropriate

phonetic form for synthesizing speech (Ref. 3-1). Similarly, input tapes which could

be used in mechanized 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. 3-15, and 3-19).
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V

The folowr-g dis-ussion of the computable reiations bettween the orthographic and

phonetic forma of English monosyltlables forms the basi-s ol a program for more

general a4xlieutio. Specffically, extension of the techniqecs for dealng with pcdv-

syllabic words requires the develop-ment of a processor for egtn•ttnr the wýordz inmm

their constituent syllables (Fig. 3-2). The program intended in Fig. 3-2 is beyond

the capability of the hyphenaiion aigoritiu •s used in the prinaina industry. 5Unlc they

are required to find only smne of Ute syllabic breaks in any polysyllabic word and at

times may indicate no such breaks. For the mechamzcd reader, such a syllable

break must be indicated with high accuracy, and information must be provided on the

bresC5i syllabies in each iord. A detailed discussion of this subject is beyond Lhe

crpe of this paper. Mureover, the reading and spelling rules availab-le in dictionaries

(Ref. 3-20) or in recent papers (Ref. 3-21) have not been checked by their proponents

by use of computer programs operating on exhaustive word lists and checking the

results with phonetic transcriptions by more than one authority' hence, these rules

may be inaccurate or f;,complete and unsiuitable for programming computers,

An orderly development of programs for mechanized readers requires starting wit'

elementary words (Ref. 3-22) (essentially the one-syllable words of the language and

described in detail in the references), evaluating the r_.sults obtained, and then extend-

ing the rules to include English monosyllables. (The distinctions between the elemen-

tary words fd the monosyllables are considemd in subsection 3.5. ) Most of the

elementary words and some of the additioral monosyllables are kernels (for exarnple.

AC-TU-AL are three kernels in the word ACTUAL.}, since they contain sequences of

consonant strings and vowel strings that are similar to ones observed in individual

syllables of polysyllable words. (ltence, elementary words are mostly kerncl words

of the language. ) Since polysyllabic words are simply coznpoundings of the consonant

strings and vowel strings that are similar to those in kernels, the -_'curacy with which

we treat the kernel words will determine the accuracy of our work on a complete

lexicon. It is also shown in subsection 3. 5 that the work with elementary words can

be readily applied lor computing the phonetic representations of Enilish monosyllables.

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.
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SyLlablx evI te

Prefix + Kernel Word .. Suitix

Su~chS~reas P~attert n li~dca#

Prefix Kernel Suffix Prefiy/Str-es Level X ý- Kernel
Word W-'rd/,Stres Level Y ".

Suffix/Stress Level Z

Fig. 3-2 Outline of Algorithm for Extension to Polysyllabic W•ords
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Figure 3-3 illustrates the algoritlmi for the elementary words of English. The first

step is the breakup of the word into vowel string8 and consonant strings. For this

program, the final Y is classified as a marker; a11 other occurrences of E, as wetl

as the letters A, 1, 0, U, and Y, are classified as orthographic vowels. All the

remaining letters of the alphabet are classified as consonants Words starting ,ith

vowels are classified as starting with a blank consonant 0, and those ending in

vowels aru eonsidered as ending mn

The second step resolves the consonant string ambiguities which occur with ortho-

graphic letters C, G. S, TH, CH, etc. The algorithrn for such a resolution of C and

of G is tabulated below-

Orthographic SOX Phonetic

If C is followed by A, 0, U: C k

Otherwise: C s

If G is followed by E or 10: G d

Otherwise: G g

After these consonant 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 are first processed according to the rules of euphonic combination.

[These rules, described in detail elsewhere (Ref. 3-9). define +he effect of each English

speech sound on each neighboring one; the referenced set is compiled specifically for

English. I Such a process provides the desired phonetic transformation without regard

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 pronunciatiun 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

MI aker

Orthographic Consonant String + Vowel String + Cormonant String Marker (E)

inter-pretation of ozntMakr

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

FRules of Euphonic Combination

Consonant + Vowel + Vowel + Vowel + Consonant
String Marker String Marker String

SInterpretation of Vowel MarkersF
S 1 and ConsonantMarkers

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
Representation of Elementary Words

3-9

LOCKHEED PALO ALTO RESEARCH LABORATORY
L O C XI H E 1 0 m 1 3 1 L I S P AC C OM P A N Y

A GEOUI) DIVISION OF OCI1NEED AIRCIRAFT CONPOIA11ON



SPICEAKERNEL WORK

SPiConsonant /- I/Vowel C/Consonant + Marker E

[nterpretation of Consonant Markers

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

Rules of Euphonic Comb ation

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

[Interpretation of Vowel Markers1

Daniel Shorter A Pronouncing Webster's American
Jones Oxford Dictionary By Dictionary, C ollege

Dictionary Kenyon and Knott 3rd Edition Dictionary

SPAIS SPE2IS SPAIS SP14S NI4S

spais spais 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 i on the vowel U, and

the pronunciatiun of the vowel is the same as that for the words where D follows the

vowel string U, such as the word MUD.

A detailed listing of all the mapping rules needed to resolve each of the ambiguitles

would be of limited interest here, partly because of the unreasonably lengthy listing

but primarily because of the differences in the interpretation of markers for different

lexicographers. An illustration of the computable 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 F, R, L as markers (Ref. 3-9) and the

need for logical ordering of these rules. In general, the markers must be used 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 Sex). 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 consonan~t string S s

Vowel string I + 91

Terminal consonant string (GH/marker i
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F

i -)

GRLDGE/KERNEL WORD

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

Interpretation of Consonant Markers

GR/Consonant String + U/Vowel + -t DZI/Cousonant String + Marker F___~1_
Rules of Euphonic Coumbination

GR/Consonant String + U/Vowel + Vowel Marker D + Marker E + DZ 1/Consonant

Interpretation o~f Vowel Markers

Daniel Shorter A Pronouncing Webster's American
Jones Oxford Dictionary by Dictionary, College

Dictionary Kenyon and Knott 3rd Edition Dictionary

GRA3DZ1 GRA3DZ1 GRA6DZ1 GRE2J GRU5J

grAds. grady grAd .gr grilj

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 KEN'YON AND KNOTT (Rof. 3-9)

Orth.VVIphiZ Phonetic Dialect Cofk,

If U is precluded by J or R or L, and UR9 UR 101
followed by RI: tUr 102

Ua(r 103
ITJ9(r 104

Otherwise, U followed by RI: UR9 JUr 101
fUr 102
jUa(r 103
IWa(r 104

If U is preceded by J or R or L and U Consv uCons 101
followed by a single consonant and 0: luConsi i'2

Otherwise, U followed by a single U Cons fjuCons 1 101
consonant and 9: lIuCons l 102

Otherwise, U followed by RCons: U RCons 3"" Cons 101
3Cons 103

Otherwise, U followe.. by R: UR 101
3(R 103

Otherwise, U: U A 101

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

"long vowel sounds," but such a statement is less than 63 percent accurate; a much

higher accuracy is required of the computable relations. The accuracy of our rules

as well as that of the phorvetic data studied is evaluated in the next section.
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It
3.3 COMPARISON OF THE PHONETIC REPRESENTATIONS OF ELEMENTARY

WORDS IN FIVE DICTIONARIES

Comparisons have been made of the phonetic 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 are discussed under the following headings:

A. Comparison of the phonetic data by using the SOX 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 comparison are:

(1) To evaluate the accuracy of symbol-for-symbol comparison of phonetic

data

(2) To establish a comnutable set of relations between the various phonetic

represenuations 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

(5) To assign a measurement criterion to the confusion that results from

the differences among the phonetic representations

(6) To assure high accuracy for the algorithm 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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PRONG'a-CIATION OF KERNEL WORDS AS IN
THE SHORTER OXFORD DICTIONARY

Interpretations of Vowel Markers, Consonant Markers, •,, ,,, ....

Da1el 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 thc'se in the other dictionaries, does

not establish a complete set of simultaneousiy computable relations between the

phonetic repreentations of each word in all five dictionaries. Problems also arise
when a word happens to have a homonym according to the SOX but not according to
one or more of the other dictionaries (Ref. 3-23). Similar limitations persist in

mapping the phonetic forms in one dictionary (other than the SOX) into corresponding

ones in the other £ou'..

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 illustrated

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 8 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
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dialect pattern number. (Dialect code i01 identIfied the prevalent proiiwiclation in

the United States for the American dictionaries (Refs. 3-12 through 3-14), while it

represents British pronunciation patterns in the SOX and inJ Jones (Ref 3-11)).

Such an arrangement of phonetie date in rows and columns creates a pawwern of

phonetic vowels and consonants, orthographic vowels and consonants, and blank

spaces for each of the words (Fig. - Consistent prtiofis of such putterns for

a word can be compared with those of another word in the same marker-orthographic

vowel-marker group (Figs. 3-7 and 3-8-. When such patterns agree with a majority

of the word entries in the class of words being compared, these words are considered

algorithmic and the above-mentioned pattern for such words is 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 five of

these dictionaries contain phonetic forms that do not agree with those provided by the

algoritirn. By use of such a 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 pronunciation 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 a blank code (indicating that the phonetics were actually checked)

according to computable roules developed for mapping phonetics 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-
•. tions is not limited to the vowel sounds but that several consonants are also repre-

sentated differently by different dictionaries. Some of these differences are indeed
minor ones, e~g., Kenyon and Knott (Ref. 313) Trap the orthographic 0 in words such

as GNOFF ard KOFF as a v respectively, whereas the same orthographic

ater 'in DOFF is represented as o , a , o without a specific indication of 0

representing the "eastern pronunciation." Another such situation is the omission of

dialectal representations marked with - codes (e.g., 1W-) in column 7 of data

organized according to the illustration in Fig. 3-8 and grouped accordingly in Fig. 3-9.

For example, Webster's provides only "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 column 7 of the organized data (as in Fig. 3-8). Such errors should not be strictly

counted against a general-purpose 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 PhcGnetic Data Organized in the Terminal Rhyme Order of Words

The phonetic data were organized in the terminal rhyme order in a selected dictionary,

as illustrated in Fig. 3-11 for the Jones dictionary (Hef. 3-11). Another portion of these
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data from the same phonetic source and for the earne phonetic vowel is presented in

Fig. 3-12. Notice the differences in the mapping of the vowel in the four other dic-

tiotarles 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

point out clearly the inaccuracy inherent in establishing a computable vowel-for-vowel

relation betweev different dictionary entries. The inaccuracy in establishing a

Hconsont-for-consonant relation is obvious fromn the discussions of Figs. 3-9 and 3-1l.

It can be stated that establishment of a precise relation between the phonetic forms

given in five dictionaries requires the adoption of a set of symbols that is larger than

a consonant string alone or a vowel string ry Itself land 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 established 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 deftning

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 representations 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 (Fef. 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 a 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. Pronunciations for words not included in a specific die-

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 alphabetical 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 a0 dictionaries.

A statistical summary of the homonyms, among the 5757 elementary words, is

presented in Fig. 3-14. Notice the large number of homonyms and 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 U 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 a marked disagreement among these transcriptirns.

(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 sets

of two-word homonyms, three-word homonyms, etc., presented in Fig. 3-15. (Notice

the 10 to 1 scale charge 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

nrertioned in the introduction.

One couid object at this point that the dictionaries contain 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 as constituent parts
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Fig. 3-15 Graphic Representation of the Number of Homonym Sets Among the
Elementary Vor-Is in Five Lictionaries
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Table 3-2

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

No. of Words in the Set
Set Deecrijtion W

Total Set -

Words forming a homonym according 2968 2714
to at least one dictionary

Words forming a homonym according 746 535
to exactly one dicdonary

Words forming a homonym according 214
to exactly two dictionaries

Words forming a homonym according
to exactly three dictionaries

Words forming a homonym according 290 297
to exactly four dictionaries

Words forming a homonym according 1505 1484
to all dictionaries

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. 3-25).

However, the rules for mapping it are identical 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 discussion.

The statisttcs 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

3-30

LOCKHEED PALO ALTO RESEARCH LABORATORY

tLO C KI M 1 0 I I I S I 1 5 & 5 PA C F C 0AMP A Y V

A I0 1u. t1Iu 1 OP tOC 1 I1 1 A CI PI COBOAI-0
t
O



were found to some extent to resemble the distribution presented for the entire set

(Fig. 3-15). but their total number was reduced approximstely in proportion to the

reduction in the number of words.

3.3.5 Comments

The results oft omonym stdiefs 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 associating 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 die-

tionary into that in another (Fig, 3-6), as well as of those that map the orthographic

forms of worcd- into corresponding phonetic representations (Fig. 3-3). Both of these

sets of relations use the groups of symbols called marker-vowel-mareer. 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 seem to indicate that dictionary makers

have not provided as precise a set of phonetic representations as desirable. However,

such a conclusion is not warranted in light of five aspects discussed previously and

recalled next along with additional *-. data.

(1) An algorithm capable of computing pv,!etic forms of words from ortho-

graphic input has been demonstrated (Fig. `-3). This is 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 k f pronunciations can be established for each of the marker-

vowel-marker groups of symbols (Figs. 3-7 through 3-10).
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(4) Although it is not possible to establish a symbol-for-symbol transforma-
S~tlon between the phonetic reprasentationa in one dictionary and those in

the remaining four (Figs 3-11 and 3-12), such a symbolic representation

would require a phonetician's decision at the time of preparation of phonetic

data (Refs. 3-2 and 3-13). AMtho'igh 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 orderý modification of speech sounds

(Ref. 3-9). (The interpretation of the Ainguistic aspects of this study, such

as the "grapheme to phoneme" relations, the definitions of "phonemes,"

or the "sound changes" in the language, are beyond the scope of this paper.)

It is doubtful, on the basis 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 a 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).

(5) 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 columns 5, 6, and 7 of Fig. 3-8). These data (Fig. 3-17) show

a marked agreement among the transcriptions studied (compare with Fig. 3-15).

Based on the preceding discussion, one can aim to provide a set of computable rela-

tions that can map the orthographic form of words into corresponding phonetic repre-

sentations as specified by one or more oi the authorities, &nd the resulting phonetic
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Fig. 3-17 Graphic Representation of the Number of Homonym Sets Among the
Algorithmic and Elementary Words in Five Dictionaries
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data can be expected to 1-- 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, rds. This subject is discussed next.

3.4 SELECTION OF EXCEPTION WORDS

An exception word is defined as one for which the phonetic representations as com-

puttd 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 ib 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 progrramn 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 to 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 and 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 (but 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 (columns 5, 6, and 7 in Fig. 3-8) and the incoi poration 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 words 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 all five

dictionaries do not agree with the computed values, and the method for making

decisions about these 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 classified as 1, 1+, or 1- in Fig. 3-9.

The inclusion of some such words seems justified only in special cases, and most

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 inclusion 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 inclusion of a w

sound between the first consonant and the vowel string. Such occurrences tend to

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 a general pronunciation

pattern, such as the differences in the pronuncip2.ion of LASS and BRASS in the SOX.

Some of these words are singular in one or more dictionaries (as presented in

Figs. 3-9 and 3-10), and some such as CHEF and CHERE retain their foreign
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prommciation. The decision on inclusion of these is a matter of preference by the

computer programmer 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 3-2) the precise criteria for the program can be

specified. The data in Figpo 3-9 and 3-10 also aid in evaluAtion of the accuracy of

a resulting progrm 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 sat of words. With such information and

the coded phonetic dictionary as aids, programs can be written to meet the exacting

requirements of many groups without sacrificing unduly the operating 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 tbh elementary words of the language; most

of their plural forias (obtained by the addition of ES) and past tense or adjectival

forms (as obtained by th•t addition of ED); words ending in CUE, GUE, QUE, GNE,

DME, etc., which have chsiracteristics 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 interrupted phonetic vowel string according

to the SOX.
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For extension of the algorithm to include the above-mentioned words, it was necessary

to implement a portiin of the program illustrated in Fig. 3-2 to separate the appro-

priate ES and ED endings, etc. (Fig. 3-18). The E in these endings was treated as

a marker (T), and the algorithmn !or the elementary wo-T.s was used for computing

the phonetic forms of words. The words ending in CUE, GUE, etc., required a minor

mxdification of the algorithm; namely, the U had to be treated as a marker that blocked

the operation of V¶. Words such as HE, ME, and SHE were mapped by first 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. P, , 0

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

Z; B, C, and D required the addition of EIV to their orthographic form, some conso-

nants such as F and H required (E consonant) representation in their orthlographic

form; and so forth. The pronunciation of words such as TABLE and BOTTLE was

computed by permitting the 1K 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

teats are summarized in Figs. 3-19 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 in 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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INPUT NOT AN EXCEPTION-
SPLIT GRAPHICC1 VICzV2C3

VI PRESENT? CI-ONLY OUTPUTv 1 LOGIC FORMIAT

YES

C 1 LOGIC (E. W. P.)

I
DOUBLE C2 + (E.W. P. EXCEPT V2 PORTION)
FINAL EI
V1 LOGIC +
L, R, W CONVERSIONI
C2 LOGIC + NO C2  OUTPUT (E. W. P. EXCEPT CONS. -L
CONS. -L - PRESENT FORMAT PORTION)I

NO OUTPUT
C3 PRESENT? NO OUTPSFORMAT

IYES
MERGING
C3 AND C2I
OUTPUT E. W. P. ELEMENTARY WORD PROGRAM
FORMAT

Fig. 3-18 Modification of the Program To Include the English Monosyllables
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S JAK W SjAK W SJAK W C C÷V V
1 1+ 1- 5 SP

Fig. 3-19 Statistics on Disagreement Among Dictionaries for Phonetics of Additional
Monosyllables (Except Those Ending in ES or ED Which Have Polysyllabic
Pronunciations). Total of 1147 words represented (I)

_ J s ," A 'A ls sw J" AK Aw Kwa K

5

SJW SAW SKW AKW JKW AKW SAW JAK AKW jAKW SJAKW

3X 7V 3X+ 4 4X 4-

Fig. 3-20 St2tistics on Disagreement Among Dictionaries for Phonetics of Additional
Monosyllables (Except Those Ending in ES or ED Which Have Polysyllabic
Pronunciations). Total of 1147 words represented (II)
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Fig. 3-21 Statistics on Polysyllabic Pronunciation of Words Ending in
ES According to Five Dictionaries
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8JAKW SJAKW SJ SA SK SW AK AW JW 8AW SIM "W AKW
1 1• 2 " 3+ 3

5 -

0

j S

z

Fig. 3-22 Statistics on Polysyllabic Pronunciation of Words Ending in
ED According to Five Dictionaries
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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 data 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 extended, 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 homonyrns

are not altered significantly by the addition of 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 well 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 Englibh monosyllables.

Some of the difficulties in determining the phonetic representations of corresponding

orthogrsphic 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 tre 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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Number of Orthographic Forms for One Phonetic Form

Fig. 3-23 Graphic Representation of the Number of Homonym Sets Among the English
Monosyllables 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 ;nd

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 algorithm by

proper selection of exception words.

The smallest group of symbols (called marker-vowel-marker) over which the com-

putable relations between the orthorgraphic and the corresponding phonetic forms

of English monosyllables can be established is mentioned 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 words 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 between 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.it 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.

Thtis 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.

Tý1is work describes the computable relations between the orthographic and the phonetic

forms ef English; it provides a computable definition of the dial wct patterns studied;

and it defines the group of symbols, called marke-'-vowel-markvr, for which ortho-

graphic and 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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.,- 10TtC UPflv 11Xoh salIu UwAoL- y~z1II-Ib, IM 11(TIUCOTttII h COL1azo;C0opscuym, 'ITO Ilp-fhiU-4hf-

*11 11jsu 1,ia CLICTOls 113 '1ICTUI±0 Ultitenuie- lLL-XAlIO CTjiyI(Tyj)AiIIIU saugeauil hIIiMI~cit MLkIIJTIIU
* JtIIIQCn:un'ar~c:nl-uo. najiut GuAza uoaypiviia "I julCIIYCH8T luI3SIO)ICUOCTI. JAa211.ieiCiUIIX Tpai1iC-

* a an ItEP~tul~bII IC .141111 ij&IIj.riC 11 C 0C)' III, 11i14- 41u )lt 4IjI~i. iallii 51eVp , 11 CTJ iyHlT)' PI- 1, Ellis1 11-
* (II~t&F*I Ilfl11TIctiC [L, frljtiIIAlltltkfl1t'II iii ? IAi4IiIllAUS AiVICUJlo UT11UHl~l, P3111111MM 110CR.-

lIJI1-rUucTLMkl)Iapna aiim 45, "Q ailin o CTaz I. 9(idiIl- a. - il. I Ivjioio;t T11i(o1` TillA 3401Cc oGtnCu11Itt
l't'IT~ru'wij'v ayp IulICt tlloAU1iiIV, II 5w- JiIKIILJJ l1stlivit'i 11 Cil0fiCTB118 Ilaju-1114110410 m 8,

a'el~lal~' ~'a'~t c tat' dlA. 1I. iJ. lejot;iuiium, 'Tio porlICTjllIJI1yLTCn CUUTIlVTCTHY10llltiIUiI Ii

- -i. twoiunaun af cuopocsnx Ceficalna'czculx Ilujill.
111jib,1j. I'j-llcltiCIIIO51oJIfiUO cooeitiiiluxia C'rpyniCypu C uupxum~aauu acui8i-

* teiA.J~11iidt h~l It4lliai Ii t'hpywt-1itl'IIa c i w1 1U 5) c x a10 Jiia I MU~ti~ 2 1) 1,101'a,1140IJ 11 I tae1t JT4*Josrd I~llifIt-
lik ~C~nj. iI 5u'n110i'm~u 11RO 11141 UW IIIIJSas- 4-liI CO~I11I11it 110NChl141U IMeuitimO. 'ITO UUii

W1MI-1S.ItI *11 7 1. 1 'ss -j3 (us T,-jpIa I -I~jII'J ui )tplICtujl~uiI it-
MhidlUl ;11.1 1' 1s'dIIU luJhac3TCH1 Ticrl'7511Japi51'WC.- li~tikTuo 

3
ewtU1I, 111101 110%u;IaIyau Ituiiipt~lI~lkIiIiR

miii Mihip.imiI.51101i.'i 6YVAT oG~aJajtTa IIOTIAIJI'1CmieciRi cuubohlCtIinI.
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Appen~dix B
ABSTRAICTS USED AS DATA BASE

MAL Nostra-lProw Meed D1111aralsl Cena Section 91(~Q( 11. NoV ad"g 1-h.V @"Mpe st hibwstry a"gin
knee I to 6 00V.0 W4 N, Kaatszat (ntrotlaced by M. L. of IW and 120t
Pod). F. MeAirrits M. L Niag.. .1Aeqwd tufowritay, U. Wor IWorer, in
LONGO. AND S. T. POW3U. Ill, Mh Usvrifs-47 tf U4,1180,14- M1. J3. Boamse.. ,~~eetL3 a m 5U Re.
Meauuemenata of usp elastic scattering from I to 6 GeV were i La Lm Rh. Litn
mae& using spark clutmbers A woftcolimaed neutron beam UV4kWVA omami
produced by the external beam of the bevatrou interacted in a
liquitf-hydrogien target. The rtcofl-protn rnoaetuir. and
&a&i were meariured with a besiding magnet and spark MS. Study of ta. us" 4 Systoem by the W-Kol#) H'(dpX
chambems and the sicatterd-neutron angle was measu~red and H10P) 3ancdGL* G, G. Ottatts, 3. W- NzWIOWi JIL,
wang an array of steel-ptate epar chambers. The apponm AND R. H. SToum s.L Almats Sciewg* Abarowey.-Potous
war, on ralil, to allow coveruge, of C.M. angles fromabout 10' apecta from the deutro bombnrdastat of W4 and HOa haew
to 1L0. l'relirninary results covering the entire angular rangre been obtained a t 6 energies between 10 and 16 NoV. Rawdes.
are pmrmatted in the form of relative cros sections vs Pr~t" from the gas tAilet Were'&atl wth e*l

4.nmenutnti-naer or achinidesteng ntrvAL. ductr &S-E telescope. At a laboratory angle of 15", the peak
Corrections for detection ellciercy and baciground cWn Ccra sect on for formtationt of the -.U)-M*V state of Hod
talilliatiort have been Made. dociater smoothly fromt about 3O to about 6 wb/er.M.V

as the energ is increasedt from 10 to 16 NoV. No. evidenc (at
9 Watir u~s= to pnas hr, tat U. L Ateask 90Ws Cammita4Oe mA" 0 a s11ila state appei in ethe theH(j)o h 'ip

.S. Vfe ofNVal aflItauic. Pa 1* e"( )o h -
t Nat"W. Skmee Fos,,datien PridertaratFllowb. reactions. Thix confirms the accepted isoepin of mere, fkw this

state. Spectra troin all thre reactions show a bracd anomaly
(width 2-3 34eV) at an eacitAtion onegy about I NoV

AM. Lorge-Aagt. Cbrilf Fm na above the I +X or t+P amis.
ZS M*.*. J. 1. NazAmiwv. P. J. Bmr=, T. IL Roezais, A"n
J. E. Ssrnsosis, Lot A~w~e Spie41Jc 0~.esse wor W arkt o e ianis the samoks * the II. L Assme Sam"e Cea.
mentu ame preseted for the nerutrun-proton, Correlation hJm
function Cmn at Aw - 21 4eV and 4ý -10 IS",i addition to
further data at " -1110 Polarized neutrons frain the AAM. StudY of the RUNO 4 Systsel by IM. H0(A) ad Ua'(IA~
Tdmoie)ie rtaction were utilized. together with a polarized Readome.* R. H. Stonss, NinLam mjzaati IL W. Narnosmi
proton target (LMN) in which the polarization averaged ]a., Am~1 a G. Osit-as. Lot Aim.. SderiooU -z4ey
approaitnately 30%. The recoiling protons were detected by a Deweron spectra from the bombstrimnst of 'it and Hie At4h
counter telescope. The value ad Cmg was derived from an a21AI-MeV tritont beam have been obtal aed at laboratoes
asymnietry that was induced by cycling the direction of the scattring angles in the rasge 10k-201. , a contrast to the
proton polorization. The rmslts to date lie close to the pro- He$(d,p) reaction.1 breakup particle. (tona she excited H*'
dictionat of the lRamadir-jobriston potential model.' The effect nuclei cannot contribute to the observed seciecr. The virtual
of these data on the recent U~vermare phase-ehit anatysis' state of Hi'a -0MVeasie ei neyi larly observe
is disuse. in the Her(*i) reaction. but no corresponding etet In ob-

. mspimais 1AA~asktowy~oadmmm. served in the Hs(sd) reaction. to the deuteron spectm a from
1).erbesP dh joam N"FmKU 19 hnoe both reactions. a broad peak aurre at about 1.7 M*V above

T rtlsnss Were k" P, ao..Na b~s i :4.Te the p+1 or n+* masm. In general, the crc secti.,age am ach
M i. P. V~1 05 s~e. CC. At. A1, mad74. M-CmaMer Pk lower and tire structure mown pronounced than In the car

* maw. - (teas). na 60.) afctmmns The dsuterom spectra are dismetm
in terms of virtuall states of the sp particle and possibls decU

ALL Searc for a Narrorr lmmumea Is P-HONle' hsc Seat- ofmcinmehnss
tetheg.6 D. SownD (introduced by J. V. Kane), Rogers V0W11uer. ai hemhs-te ) .Aik aeC.
WS'y. P. F. DONOVAN. J. V. KAuia J. F. MouLA"Uns'v"a Wor W.trso NIs ime. O rn m"ad ofOv U, Isba A sss Sao" Cese
Taerphaus LeleroSekuu LAN P. PiaZZa. Ereashesa Neoierm'u -0¶"rokaum.-IA .Nwoe r.&dR .I~hn "ti
Labuoeray.-Evidence for a sharp state in LI' has been
reported by Blenisonofat.'in the decayoat et. Dangle ef .'
marched for this reasonance in P-He' scattering, from a Q A". Sildeacs for a 2* 1Ta46 S- Sfte In MeW. Y. C. TAres.

o10.3-10.5 34V in 25-keY steps on a Isise than 15-heV-thick Vaisrart47 if Maeim- suuea from Lls(r*.2je)11e
mic thas been estimated that, if the resonance is a T-2 there ame two strong penis corresponding to 0and 30 NoV

state. It ma enrowta 3keV isg o bspin ca-ectto nfe n ekpa t20 MVecttv.
verebon ad4-particle phanse-pace considesstions.8 We aloThes features can be undermined by considering Ui' as
wished to eatetrd the energy rane, hie statistical accuracy, 144'+4- Thes ground-stato peak is due to absurptkm of the
end the numnber of angles of the Dangle group. No deviatiou -ia by the deuteron cluster. To produce the levels at abat

excedng01%frm smot cc.section was found over the, 20 MoV in Het. the picna aed. to interact with a nulo fruew
rang 10.3.1 Qt' 11.05 using 1@.haV overlapping steps and ench of the two clusems.,.dinc these levels have cusow
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however onl swemll mcahsilwy slurse the dusaters Are well haule deetorw -murgy ,!seakUioiwas 130 ha*V. TrItoft from

seperawef & pind - absorbed only when the two ncleon. tin (*,a) unactio were gatedcut- Abslte crise section was
ase in dew pnoaimity. For tlt eak vtmd 30 MeY, It Is t*It*± by unralftqting tIPN#(,) ore anion via photo-
produced by tiepln - inmwactiqt with a deutro cluster in peU sms Eas dsulnlum gsM Call, aNd also to the LsI'r,p)

t he we duter, The lewals at tWe uragy have. tharefoi, 4+r! as section' v4a plsotoprotcos Ideantifiedl along with the
clusteruanetun sad the lmen cfe has $-I. L -0, sod r-0, phmotriotic. Two-body breakup was asesumned The (-/J) cross

Usiang Alaillr eooseldnds. for Litaflesreenwnat section found in both ways ia 01 tab AtI 21 MA'v, almost asl
wills*s~ermeat ats hes blargesV & the photortucleon asection at this energy.

'CG- Ckanh 01 AL. Plan Leans &&l 4 0150M.* Week .tnsend4 hy tb* V. S. Atomic Eoem Cam m4-14%4.
Mi. K. Sbeimsa, R. C. hloIppe, snd 1. R.& Pet.Alt. A.*. Ptvtý ire.

LAAVOp Pcsmants's ter tS Elam*e Getatting of Has by MR-. M .. L Uaalt.3 %C~wi.f.f.tnvrf 1

a'.0 N. ft. FLAmtCUS F. Duwnx, T. GRAY, AND H4. T. IL134( )

Poatms J1RiAd SIAMeUdety-plawoe param- AAM Charge Symmstrye she Mirror Reactkios LI' Cd. P,)LI'
ettea have been dettennlned for the el* astiseauring of lHe' wa L(.,U' S. M'. Awerzxst P. Pain.. A. Cmutisn.:
twy Ne' km us* In a DWTA direct reaction analysis of the S, s& HAWNA, AND W_ E. Mrvrrantw, Stosfnrd Umitrrtitv.-It
reacteion LI'(pHh% observed by Heydenburg and Ha.-' baibfen pointed out' that 4 comparison of mirror gre;1rionsi
Tin yield of elastically amttered 14$ mesasured over a bons- can provide a test of chargze symmetry in nuclea'r rceiriion'.
bArdingR M enry rane Of 12-19 M.Y shows no prominent For W4.pdu"Li? And Li1(d.u,)fte'*. thii comparifton was
mreenacs Angular d1tntiUtiowi wei meaure fr~om' made' by observing the isotrop~ic vf-rays from IJ'? and Be".
96, -i@'1-ts at Egvsa'l2O, 13.5. 15A0 1643. 18&0, and This experiment has been u-epeavc&l and extended with in.
19.0 MeV. At 15 MaY and above, the optical potentials and crtased precision by uve of a Get I.i detector of cen-itive
radilus parameters fvount vary only a few Pecant from the volume SXZXI coo', fromt &-O.15 to 7.2 MA' wxith the
valuses: U sd0) MaY, W-l10 MeV, rs-r...?4 -1.6 F, A,-4 Stanford 3-MV Van tie Graaff and a newly in~tallcnl FN
"0.6 F. A spin-orbit InteractIon of about 20 HeY improve tandem. Althouch the eneYragy oe coverA at le- two kiin-wn

tin fit at back angles: however, It is drvidant that flWchtaisitt rsoaneam in lBe', no definite evidence of re'n., tit strlictiure
ather than thisaon nIde to acrment for much of the deviation was obser-ved. Above E&-0.5 HeY, the nri'tron-tn-prolnn
of the data from-the simple optical-model caklclationt. ratio lies between 1-14 and 1.20, with some evidence for- mild

*Weekepaed .smtb the U. & Air Frw V#6et Srimttr~ Raseaeth. variationa- In the region o0f overlap, beow & -. 1 MeV.
N. P. tlydfsr sdZ.-C. flan. 3sf! Am. Thya. See . IS (1962), there Is qualitative Agreement with the earlier obsc-rv.Žiono.1

Above K. -1 I eY, where the cross sections show prontunced

HAa, eso d, signe dnu adei TsrsegP.NL-.Th tota D. ee nt with strippving cftkulationaý Below E4-0.7 kleY,
cross setion for the reaction HOe(He',ps)LP- has been An observed decrease in the ratio is sunestive of the Orie-n-

measured by observing the yield of deexcitatlo naysM from bmer-Phflbips process.
Li-&. Measurements covrn the eatitatios range from 9. * Wark eup-oted In xi by the National Science Ponndallon sand the
to 12A 14eV in the compound nucleus Be'. A study of the Vý5 Amly Retsesrek Us.

l~i'(p.hdU'19 reaction and Its possible interpretation were D.H. Wikionv. Pho. Mas.2. 3.51P.

reported previosly.' Similar features ane observed In both Afl 1. C~oparIson of the Reactions LI(nB"and
reactions-asbroad maximum ataboutl10.V MeV excitationtand LPj,)P. S. S. HIANNA. P. PAUL, S. M4. Ausnnj4, AND
tome kind of narrower anomnaly as about 11.1 HeY. These w .Myae taodViri - oprsno
features have been fitted with 2-level formulas. Combining the total ca-m sections in'the reactions 1.'ps)l"and Li'
infornation so obtained with that from the L ,)L'and (p p )UL' has been made by meaturingz the isotropic vt-rays

Ii'(ptp,)Li the tifotkowing autgrnmenss tre made: emitted from Be" and L.ila with a Ge (L~i) detector' of sensitive
T-1 m forithehbroader levelarnd r-r. T-1 for th volume 2X3X1 cm*. The range 3 MeV<E,CtOMeV was

narrower. The TIasgmn sbsdo h w htte covered wihttnewly isaldStanford FNtandem. I
narrowrer level is not observed in the Li'(P,P)Li' and U1tpj,1l sharp contrast to the ratio determ.ined in the .il'+4 reaction%'.
Li- rections, where both its formation and decaY are for- the ratio of crows sections in the Li'+pi reactions deviates
hidden. In the other reactions, where only Its formation is markedly from unity andi varies strongly with energy- The
forbidden. It appears through its Intedrae-ec With the T.- 1 neutron-to-proton ratio rises to a value of 0,54 at E,-.1.3

leve. Te 7f lvelis robbly he eme tit rcenly eY, falls smoothly to 0.21 at 5.5 HeY, rises agzain to 0.13
observed at Berkeley.* at 8.6 HeY. and then decline,. The over-all dominance of the

0 Woek as'ea Iy the U. A 04*. at Nassel aesensas (p9)j reaction suggests the presence of a direct process in this
*w. ~ ~ ~ r D. Me1is Me. ga StS ~ ecin. It is noted that the maximum in the ratio at 3.3

a C_ EMras. J. Cerny. 5a" K- r' HeY occurs at an ene~rgy where the neutron yield attains a
maximum, while thes minimum at 5.5 14eV can be attributed

AMA. Pbtobtwtle Cros SOCtIGn of Li'.' N. K. SaErsuAN. to a strong resonance in the proton yield not observed in the
AhccLI Uuiweruiy, JouNs E. E. BAiw11, Arm R. 0. OwNns, neutron yield. These observations are discussed in terms of
Yak# UmiUV'#y. -The cross section for the reaction Li'(tu)A isotopic spin and known levels of Be'.
recently observed' hoas been measured for photon anezge a Wor suprssetn In part by- the Nselonsi Science Foundatkon sad the U. S.
between IS and 30 HeYV. Bremastrablufig of end-point energy AnniV Reeac Offic
40 14eV produced by the Yale electront linac wast used to t Altred P. Shea Felt-orw atades Mirhigas Siate Univ.
irradia~te Us evspoatsd onto Form.var Ailia. Tine tail"et ''JisdedayPP..Inc MaAt Chours. .5-Fast. olvr a) tr_ APti
thicknesstves eabout270 4/cm'. Trito were Identified by a mmeun4.
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AAI2. "Bta)ad (1304) leaetilm~ 06 Lit ad L'.0 CorfelAtion data were accumulated between Irdkstions TheVAN SIWMMV. AND MOaiMW V. 9*pMV, Vsmthiatay of Utfsirj. (letctors Consisted of Naton plastic sntlaj torwa on xp-la2Q-Tan"et of U' sad LP were bombarded by He' particle photmultip~lers. The tisneeortr was Waibrated ao-1from the Universty Of llihnel vidotjo. at 11itiaet beam ACCUMir siyung ant sircoe helical delay line.' I'he mann lifeenergies of 21, 24, and 27 34eV. From the Us targt, we a&olb- Ojodfr tihe 1.944ev level In C44 Is.Pftu.j0J.04 issuetrained aagulat ditriutionso *I the scattere Hfel par~in The E2 -r-tranattiort rate for the 306-keV 0+ -o 2+E2 trawl.cmpmlgto the pounand 2.11-MeV states. From time tion deduced fromt thisi lifetime and the ED, E2 Wwbranhi ratioUi' targe, we *btaind angeler disributione o( the scattered cd Hien take del. is 8 Wariaskol units&
Ifer pectides Correspoundlu to the pround, 0.48. nW U'3-' 1 R L Groaa, I. & ct~. I. L. S~al. &.0 R. Utm. kMe. 'mux.P.1eV st tea. and ofar partiles leaving the residual Li' nucleus Methods IS.40 (19U).in the gpound 2.141- and 3.5-S&MtV states. Spectra were re. atcxK .Hmss V. Ys-de. IL lux. sW T. it.al. lNsL Phk,. IL Ila

Coddi thel AMU t*4f [M 30* to 140' in the c.m.system. Detection was by a sumae-barrier Wiicon detector. a.eayo jaCHzPud Uid 3 -Targets we"e of enriched lithium hydride, evaporated onto A4 wya low C. Htit P~'iup "' V #jsw 5f
tbaz nicel ackig,.and purified chemically. The halff-ife of Eu"'s wa, deterntineqi

'WarS Meeniu In vart by the U.. & Qle of PNsvaj Itsgauc to be 5.9.3*0.1 daYi. The - spe~ctruml was studied, ueung
Ge-U- deWtecr as well as Nal(TI) detectoms The conversionMI.CArged-Particil.Nsl *&WSWfrm LI1+j at "O MeV.* electron sad positron spectra wer investigated, using a ISOIf. H. FmasRe, 0. W. Daumse, Arm C. C. Kim, Uojravily of magnetic apectronteter. "~ con=dne were observed usingS-lifhri CA-sf'ia.-Selff-uPporting foils of Li' (purity both Nal and Ge-LI deteictors. A total of 2,3 , lines were ob-"-9.6%) were bombarded with 303-1101 protons from the served; 1S of these have wot been reported before With theU2SC linear accelerator. Anjular distributions were obtained helpotesioddesmeand intensity gauewments, the trsaitionsfor the U'(pA)U, u'( wlA., sand U'(p4*)He' reactions at were incorporated into a consistent decay achuns Two low.laboratory angles fr. _1-18lOi0. particle Identification was intensty pasitron groupse, leading to theogpound &W firtachieved by getin a 2-41mensiOnal analyser with coincidenum eacited satabo rMspectivelY. wem observed. The levels of See"',betwee the signals from a (J~izd) -E counter systemn con- Populated though the decay ad Eur', aUs aempusud to levelssisting of a l90,-o fully depleted silicon and a i XI-ln. NaIC(T1) of Smu' populated through the reaction SffujdLp)Smj*,detector. The resolving dwm of the isat-coincidenca ch-auit observed by Kenefich and Sheline.'used for the anfluer~correlation eaniuermnt was -4 nsec. aiorsbthU. AmSCrgCssl..,

in the U'jdLe nci n, mteroas DleVing LI'4I8 the gruntd 'a. A. ~ ~.i.' ,~a..zg sIn til
states Or Amrs two ezeted Sato could be resoved said angularMRe.19 4 (%)
distributions wene obtained for each detitero. group. IA the ACI. Coaductles-Itato. Spin leeosaams. MAZTIN LMS~e'(P,Wd angular-correlation experiment, two detectors w-ere (introducd by P. M. Plataman) AND P. M. PIATZMAN. B4eplaced at equid angles with the incident beam; particle TgA~g ~ ~ k i uigasmlidentification was used in one arm only. Th resultant angular te)te~m~crsnneasrto ycnutoidentification is discussed and compared with that obtained ebectrons in a thin metalfic sample, ettending the earlier workfor the LJ'(jrpd)Hsr' reaction, of Dyson.' Our results are valid fora metal semple of arbitraryWw mwwt is satby the U. S, Atark R~ycatbdn tbicknems with a static magnetic field Ht at arbitrary angle

with resect to the sample Surfame and under either classical"AA4. Ilectric Quairutpolle Memento at LI sand Cl" Nuei.L or anomalous akin-effect condtitione. The electromagneticPAUL E& CAD36 Tks Uaasersify of Ckk~eg.-The electric-field field is assumned to he incdent normally, but not necessarilygradient I at the Li or C1 nucleus has been calculated for symmetrically, on both sides of the samples. Under anomalousLiIfI, Uis. LiF. LiCI, and lCL, and wuisin other Ux diatomic akin-effect conditions, as the fiel He is rotated from parallelmolecules using Hartree-Pock-Roothaan SCF wavefunclona, to normal, the shape as the sron resonance line is modified.obtained by Code. Wahi HuItno and Sales, Theme wave- For asymmetric boundary conditions on the EN field, thefunctions, pt for that Of UCI, are believed to he Vvey line decreases in intensity (to wo under certain conditions)close epproxhogtiong to the true Hatrtees-Fochwavdetow"s. and broadens drastically. For a symrmetric or I-sided EM4Using the 424sarisuental values of s9Q for oither Lit or CPN is Wild the line shows a slight decrease in intensity and a slighthese molecules. the eluie qsdsp momtents Q Of LIP marowing. We see no evidence for any structure of the kind
antF r kclu tletd and theinter alc"asssN cy of these found by W alash in his electron-spin-resonance experiments onresulte is ono08Mkk- ThU Varitio of f. OWd hene gQ, with potassium. Numerica results ame presented.

V. 4W Jr i.. aRv (ts be palshatt).

As'. Mean LM* of the 1U9-MaY o+ Level in Cells. RositarL GKAKAW AND JACMs & GCNISU, CPAL-Ahwsic Esirgy Of AC). PIrsM Deueafdemee 01 galfltl hMt In Pt. T. KusunDAcaueda Limf 1. -The mean life of the 1.9-NoV 0+ smate in Am L RwA4 Feed Aff~ Scisui* L~ab.'uary -The KnightCe"* has been obtained by measuing the time ý, tin46t 9 Of PtMis hIn ltiffum metal was measured under hydro.between a-rays from X-cepture and K-1900 conversion elec- suticlprmrsus upon about Mwhg/in' at thsetmwpuature,ir--s The conversion electrons wet sel"cted using a 7.551w 64.11',0*,and -79.0OC. 1XI decreases with increasing pmrsaure.j, orange PraY spectromneter located on a beam fine of the #KiaP is markedly tempersture-dependent and chantes as 7'Chalk River tandem acceslerator. The 1,9-MeV Cets " with temperature. The temoperature dependence of K at co,,.wspopulated by the decay of 3."-mn Pr-,. which wa st~nt volume, which has been derived from the previously oh)-prdcdby periodlically bombarding a S-ag/ow,' metallic tained KMT at constant pressure and the present pressure.
Ce argt wth9-MV potns or 0-ec ntevas. he i dependence~kn data, obeys a q~uadratic law, K-K@+,s7'
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+o[(Tls, T) , where Ta is the degeneracy tenmperature of the particle it, a varying periodlic potential hai not hecn solvedl
d-band hole-9. The observed volume dependence ti K9 and 13 is prigoroutsly, this gradedI hetcroinaction has. inc an apfirrixi.1ct
analyzed using asat. datrd bandnmce.The volume dependence sensme, A graded bKsntgav. In order to separa te i ie eflele of i lie'
of the banel paranwers thus obtained is a% follow! 0i) d lovgb/ electric field due to spacc charges fromn~ the effect Of I ie grc'lcc
log V - - 3.5*O.9--dlog7'.id log V; (ii) d logT.5 1d Ing V a - 0.9 bandgAp On electroric charge transport, we coi-'ider a1 gradclc
*1.9, witere 7'.. ic, an exchange parameter; andi (iii) d logn/f l'etrojutiction that is dopcd inhonmogeneoiidy r) th~it tlhtF
d log V-4.3+1.3, where as is the number ol the 4 holes per is no space charge. 'The motion of ecc trons at i lie Conhct ioci
aMOM, band edge and thce motion of hales at the vidck-c-Imi-kcu (Agie

are analyzed, and in additi,,n to the normal difti-uon tet-;n an
additional term is obtained that is linear in thr gradient of theit AZS.Spi-Orit 2uplng.Mageti- an Elctrc-Feld band edge for each type of carrier. Siteady-s'are photicxcit;a-

Iuiterations of~ Iron (W4) ins Complexes oft Tatragonal Sync- ticin ift one region leadsN under .xrtain ct.iionn- to both
Mieft1. GiLrDA M. IiAROiiS. .31tiuflrd Ullitwrsiiy. -Felrric iur type of carriers moving in the -.acne direction, i.e., to thie
(30') has a 4S ground state. To tat or-Icr, this nulciplut cl)~ region of smaller banclpap. In nd,liticco, the ?notion of exctoivci

not interact under soio--a-bit coupling nor is it split by any in graded heterojumntionq is conqddereil.I' crystAl field. Yet, there is experimsental evidence from electron a Work wrpointed by U. S. AirmyE-s' neer R,-srarc cId UVj-1,,wn-t
spin and Mdabs~auec- spectra that there is a tero-field spli tting Ltisonitccrits.
of thi ground state and a net eleciric-t,.eld gradient at the iron
nucletus in complexes of lower- than -octa hedrel I ymmetry, ADS. hlitority-Carrier Mobility in p-Type Germatium under
In cirder to possibly exiplain these observations, a culkulation High Vniaxlal Stress at Reown Tempfnrature.* M. W. (iiR'cSS.

of the energy tiffeaFunctions atid eigenvaluea of ferric ion was WtLL? ANDi J. P. NMcKc'txvr, Pennsylvania State Lni'vrersiy -

m~ade in a strong octahedral fielt! with tetragonal distortion, The rn* inority-carrccr mobility in a single crystal oi lzerudni-i~nlo
anti spin-ýorbit coupling among the 33 lowest-energy states containing JX 1011 indinnm atoms per cc has Icecti nccculircil
Two diff~erent aero-order basis sets were used. Ground-isitoae5 a function of uniaxial compression in a Lat tice (Il1l) lIj i-c-
splittings, low-sPin conditions. electric-hield gradients, mag- Iiiinat rooim temperature by observinlZ the tnti of -iii";
netic susceptibiliticai and field entrgies were obtained, A carrier concentration under the influence -if-d .c Aidlcctm-r'mrc
systematic study was made of the effect on all the abomve field, The maximum- frasctional change in lentgth -if the crv~tacl,
properties of which and bow maiy excited siates were in- cut in the share of a roil, was 0.09%5. corrcý )oorlinv, to a
eluded in the calculation, starting with just one of the de- comtpressive pressure i~f approximately I.SX1 t' ilyc cm-~,

geeaepartners of the lowest-lying quartet stasto (4TI), sufficiently high to transter stubstantially all1 Cc(cclccctccu eeCC-
adding its partners, then the lowest-lying dtublet state, arid. troop to a single valley. A coinparisoci of thi- experimnental
finally, the rest of the electronic states. This effect was marked data with theoretical estimates of mnobility variation dlate to
and excuiedetS the difference between the 2nd order and exact itrain-induced population transter in the condluction hand
calculation madec in ar'ch of thene approximations. yielded a value for the scatteringR antisotropy of a, - 3.7:h0. 3,

This value is considerably higher than that shblialed from
A'01. Thezry of Lattice Vibrations to Wui-tilts and Zinc- studies Of magnetnresisrAnCe Of it-type gemn dimn, the diii
blends., Mimtcs.t A. Nustsmovcit fintrodtteed by J.' L . ferenre bleing attributed to electron-hole rcait ring.
Ilirinnan) ANDJ jost'rst L DinBwastA, Neuw Yari Uni~vrmily- Work sot, rted bcy thie U. S. Officie of Eti-alatf, Re, h.
rrevioustly,' tbe frertiveicies arid normal modes for UdS in t PrIffeat address: Wirstinithoti, tees. Lab... Puitsbur,
Ce,y4 stIUCZUre were cilculated by solving the dynamicosl
mastrix for propagation along three directions of the wtirt.itz ALD6. Strain-It'dtced Freeze-Oot Effect in n aSs. A. SAGAR,
Billntnuin iorte. A more detailed stttdy of this problemo wasq W. LItUAA4N. ANtD M. PO;LAK. Weati' house ResemsrCi
made tising five models of varying degreesi of elaboration: Loberliofss-h fet~ yrsai r r nrssac
(1) central faeces between tat neighbors; (2) central forces cii flall c-:effic-ient of "undoped" n-ZnSe ( 2f. 1) was meas-
bi-tween let and 2nd neighborsl; ( 3) cenlral forcetq heta-ee ured at 195 land 300*K. The effect of unuaxi stress tcn reti.1t-
Itt, 2nd. and 3rd neighbors; ( 1) central andi nonicentral~force-k ance was also measured betwe..n T77nnd 30~ IC. emperature
t-'e'ween 1st, 2nd. and 3rdl neighbors; (5) -cntrsl anti no,- dependence of flail coefficirrt and resittart e of the samplest
central forces between Wt 2nd, 3rd neighbori. and lolig- (between 77' and 300*K) was similar it the "ttndoped-
range Coulomb fortes. Using appropriate coordinate trann- samples in Ref. 1. The !'ssistance, .-Iall coefficient, and their
formaiiong,' frequencies andi normal modes of zincccende oi e'eiervative, w~rt. pressure increased with in reasing pressure.
T,? structuri, were calculated. rtispersion curves have- laen soa that Rn4.'-crun-i. At 119SK, Re, anti , it creased by A()%

rakculated foe (hypothetical) ittcic UdS Sonsei coni,-mrison from tise ta lfla atm for a saimpl wihR( 0 K'Sl'
of the prooent model And the shell model is given. cnt' C1. ilIce Piciloresistance value due to uiniaxial strets war,
0 Wish pý,,Iitty smuccc'rtrd by the U. S. Arms' 11terartch Offch. tflmirt.mc J of the piexoresiistssnce vccl-ite witcg to hydrostatic- pre-ucre
andl iii Aerotrmmc. Rral-cth Lsborator'es. Officre ot Anrontisce Rermitc.mi at low pressiires Tbit 11iclicates that thle effe-ct is a purely

Pemns lin. P b e tsqed *eoeNincm ciber. hydrostatic one anrd 4uigests that the mechard-rni responisible
l'srts, a e .L is a piressure-irniueed vaciation of the irritation vnergy.
I M ~ tuior;%n .Litrmai. bolt. Am- Phi-. Sot. Wt. 616 0tS). Sim~lar observation hat been madle in n--G;.A* by Sladek'ILJ. P. irm.m. Pbs. Rei. 11S. 199 (i93S). Our dlata, give thes unt.sual rms-tdinttht the value of the ottinia-

tion energy (flisO.Mg eV at tý.srmal prelsstre'? is increased
ADC. Electronic Transport in Oredmiti Heterojunctlon." I.. J. by Ai fuvircr Of' two At 10' atm.
VAN lRUVVt-li A-4r F. r.W'ct~t. Univeresity of] Pretussee .-
We ct;tisimer a stinale crystal of a secionicriilccor whose corn- i Mt. Aen sund AS. Airigt. Phy'.. Rev- tI0. At (1963l.

pn-'-ct , o gradtic'lv chanwe, fr-oi that of n %nmill-lcandii. R.lgspdk h-.Rv (ob uhor)

ma's-ri.,l at one endi to that of A lac-~mcgmpac~terial At the
wthem A it hoc ih the- quvarn tint,-i-I'r., incal prohIli-cc id a rh-c reel
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AD?. Avalanche Draltdawn In p-Type GaAs. KucT WEisue. At the intermediate temperawure of 77"K, satimuhIttion (electronoj
Ronr.t E. FV.AtN, ANo JosvPHI i'. "oons, ISM Wteon and hole) and quenching ate present andl the over-jall Ih-
Renratn CM1ier.-We have continued the study of avalanching havior IS more complex. In p-type maieritl, infrared radliation
and light emission of tV n high-rmestivity layers' in P-type produces only stimuta(ion. An energy-level diagram is pIT-
GaAs structures prod, -d by diffusing Zn into Mn-doped sented, which can exphain thense o: 0 rvnuun-: principal

material. Such layersV 'aresistivhityof typically5000 -ces, features include electronr traps about 0.6 eV below the cons-
are formed at the bou. ;ary of the rnc¢dominaed surface duction band. recomtinatinn levels seat the trnittr 4 the
layer. Capaci'sncz nmeasiernents, as well as examination of bandgap, and "sen-itziang" hole traps•ld.tnt 0.7-0.8cV alNnsc

transmitted light by phase-contrast microscopy,' indicate the valence hand-
that the width of these layers is of tl.. order of Ip . A drastic
increas in current is observed at a field of approximately ADIO. Photovoltaic and Pbotocapacltivs Pfoprtiesoftsur Of ce-
2 X 10' V/cm. Light emission is tiken proportional to 41 -i) Barrier junctions of. HIgh-Resitivity Gsltuiim Phoaphide. S. S.
where s is the experimental etreto and so is the Ohmic com- Pr:a,.sax tinrrrdnced by Rernard C1r-dctifi) AN.; Dlt-t-Akn

ponent as extrapolated from low field values. The ele~.trons Gu.,,t3ttN, RCA Lcsbora es.-Measnreme~ts of photo-
generated by the avalanching process are swept out of the voltaic currents and photocapacitance of snrfacc-l•irrier

layer and recombine in the zincrich region or the manganese junctions in high resistivity a- and p-type Gal' ate prelcnNl
region to either side of it, depending on the current direction, and s." a rto be of unique valuepin the stta'yofphooclo'irenic
The spectral distribution of the emitted light differs accord- ' 5s tn particular, they provide means hr the directIna ion oft the pettiliy of charge carriers relemed by itn
ingly for the two cases. The quantum efficiency of the light - n ion the poaiof crge ar eleaiod by tin
emission is comparable to that of ordinary GaAs diode fr. -i transition. This foltows from an extension of the
though the power efficiency is much Lower because of the Wigl ' .'pt nn model of irt.insic and extrinsic phoiwvoltaic ;td

voltage (typically 16 V) needed to produce the light. pht.to(2pacitive respons, whi~h considers effects in.h as
infrared quenching and infrared stimulation of iwtriieic

I K. Weiuer and r. F. oodis. Ansito Phys. Ltiurt 1. 2 ,!05). response. In u-type material, measurenments itdicat" t hat
intrinsic photocapacitace is quenched by infrared radialiFi-.

ADS. RPR and Electricall Properties of the Domnanmt Defect At the same time, extrinsic photovoltaic rcsponse is stimiliatedl
in Electroo-Isradiated p-Tyle Silicom.' NisSis ALU-ELeN AND by intrinsic radiation. In p-type material, intrinsic photo-
BERNARD GOLOSTeIN, RCA Lbrecspoe,-When ptype voltaic response is quenched by infraied radiation. All 'he

silicon is bombarded with electrons, the dominant defect apetral dependence curves of thes effects are coniptreil fbr

formed is the K center.' We have studied the paramagnetic optiical-threshold energy with similar curves of photocondiuc-

properties and growth of this center as functions of electron tivity quenching' and are found, as predicted by the tnamel.
flux and bombardment energy under conditions of different to represent the same basic electronic transition. The un-
resistivities, impurity dopants, Fermi level, and itlumination. ambiguous determination of photovoltitic current and photo-

Introduction rates, I values, and symmetry properties are capacitance supplies is independent veriflcation that this
presented and discussed. The K center is independent of the transition does, indeed, create positive charge carriers (hole,)

p-type dopant. It is not a primary defect, but requires oxygen. and involves trapping levels located approximately 0.8 eV

At high integrated electron fluxes, the EPR-measured K-center above the valence band.
concentration decreases; however, iltumination and annealing 'IB. Goldstein and S. . Perlian. Paper ADo, this meoktia.
experiments have established that the defects are still present
but have a different charge state because they have trapped
an electron. We have associated the K center with a previ- d e Cslc e r al G. H. SCrwv.r

5
TiG IBM &a

ously reported 0.3-etV defect level' hased on the facts that FU S, A," R. GzLr, IBM Wuwas Reassa Cear.-

both require oxygen, both have about the same introduction Recent investigations of dislocation structuren in heavily
rates and bomhardment energy dependence, and that the doped silicon single crystals report definite ranges of donor.
value of the Fermi level at which the K-center EPR absorption impurity concentrations in which dislocations become de.
decreases sharply is about 0.3 eV, generate.1 

Consequently, it should be po--aible to grow heavily
Ws Weh sonsored by HAMtA-Goddrd Snare PIItahi Cre.doped a-type silicon crystals disiocationfree without any

'V, Fthaam at si.. inters. Cotf. Phys. arestiiws tors, Paris, 1"4. special precautiosns. This conclusion is not consistent with the
A z-ic Tech"i, Lab. tIt. MtR-. contract NAS 5.1951. model outlined by Dash for dislocation propagation in high-

resistivity silicon crystals and also not consistent with the
AD9. otsetae duetluve Propeartlwes of Hlg-lReltlty G51llum experimental findings of Patel of al, for heavily doped
Phspbile. BEaNAwt) GOtt)5Thits4 AND S. S. PEClltAN, RCA germanium cirystals. In view of the important coniequences of
Lafearl-s.-Statie and dynamic photoconductive properties Mil'ridkdii's work, the perfection of heavily melt-doped t-
o angle-crystal hlgh-reIstIvity (eompensated) G•P have been and p-type silicon crystal i s 

investIgated through x-ray.
studied in the intrinsic and mr-infrared spectral region at diffraction miemecospy. Test samples ar cut parallel to the
3•00, 7', and 27'K. •,-n-tae,;,antUre re*lstiviue in excem pull axis and large-area u-rty topographa are recorded. Our
o( IOU m In" h seen produde I by copper diffiknli Into measurements confirm for silicon Patels work. p-type silicon
either x- or p-type Gal'. Phatoendnrtivitv -,f the high- crystals am essentially free of dislocations, while in i-type
resistivity material is strongly influencn b'y tralv. In w-type crystals dislocations am piesent. The topographs also reveal
material. at 300"K. infrared rad'amtin stimitti.te e il',rk impurity striations and suvong impurity cres inside the
conhluctivity and quenches the intrinsic photns'nniligiriivity crystals.

at the same photon energies; thermal-probde mcamt;sirceinc Wot k 
5

WUIte.l by the U. S. Air FPase.
indic'ate that the stimulation is (itie 10 increased hole risrri• ' -L. G. MU sida•hl ofW.. Soviet Plys.-A41d State , 2oe (IfS).
At 27"K, only stimulation is observed re'irdIieos of the letel 'Crs tas lal apipli•ed by the Sbtwky Laboatosry, Palo Alto. CstU.
of intrinsic photoconductivity, Int decay characteristicst show
that this latter response is due to increaw-I el-ctron current.
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AEO. Comparison of the Scattering of 1200-MeV Electrons1 AE12. Pion Form Factor from B).cttoproduetio." Iii W.
and Pouitrons from Protisi., R. L.. A~omtataoN, flrsu"o A3H (intrioduced by K. Berkelmnss), C. W. Aicittsc..r, K.

BososIGA. At) 3. W. DHlWtkg, CoFiseil Uilive'jity.-An electron BIaggutusA. A"w C. A. L1c sT&Mauf. Cons.u Uniftrs'ss.--
or positron beantt with a 10% roitientumi spread in obtained We havec been using the circt.iatisci: electron beli if laof
from the sBrenaatrahltnsg lieam of tile Cornell ýYnchrutr')" Cornell 2-(;eV siynchrotron and -n ittinternal ~lylo.i
bY Wusii a5 AYsteml Of ntnainets to select and foctis menibers of ti'trgettorciidy the reaeti-one+p -I r+n+wý. [hrI' ICits
cleciron pairs. The lbeanit pax".5 through a thiiiwall, 45-cin qc.itterel clecirons are monmentunin-ariatlvl i~ I w 1adi-tOl-~t~le
hiqunl-hydrngeii target, to a quantaineter for monioig igi~addtce yattioeo oi lol'lw~
.Scatteried electrons and recoil protons in coincidence are ob- by5 a lClj~~-tCereal=o conntrr. dcrnserved in spark chambers placed on either "id of the bearn. emleiii. h drci' ý
The polar aanglesi of pairs of coplanar tracks are fitted to the ' , . ~ ~ mtn n eetdi o til~~i
scattering kieaisto select events of elastic scaittering. scintillitor toe-eicope. l'te transverse ~tlland tlncIvtii
The systins it fesgtned to eliminate insoar as possible anty photon contributions to th ictritok~~it +ld .-
difIerentces in the deiettion of posits-Tcs and electrons, In separatiul by tak-ing data for corre.pondiiig 4-olittuiitet
particular, the problem of distinguishing between scattered rnfrkadpinulc c.eryIttsvr lfr
positrions atnd positive pions, which was present in the Stan- electrott-scattiring angle', between 15' anl 55' hii'. [tita hi-
ford experinients,' has been avoided. Analysittof a run yielding been ikashen -k -3.0 F-larid IV_ - IŽ0and 1.306 McV. Tlie

5200elaticscaterigs n th inervl 10 ~ sowslongitudinal cotitiribution is interpreted -Ko ii to place experi-
the two cross sctfions to be equital within s!t cticstC. Additional nrtlimsonhepncetonaei fi.ico.
data are being obtained. etllmsonteioieeritgeicftatr

*Work suipporiltd hit nut by the National Skience Fondai~tiioin.
5Wark imtitorted lit part by itie National Science Fouiclatjon.

A. trwmit.I' L. tud5.Scisrd.Piys Re, 13. ifl 196). AE14. Electron-lrsdinced Cascade Showers in Copper and

AE10. Comparison of Wide-Angle Electron Pair Production Lead at I BeV.1 %VAt.Tcit RALPIIt NLLtSUN, RicitsiRtn C.
with the Predictions of Quantum Electrodynamsics." E. NICCALL.. JOSEPHt X. Conti, AND THI istXWiE M. JVNKNINS,
TIS'ENI1ANDLrJC, 3. rIctoNR--,Aux, N. B. MiSTISY, 1'.J. MOST111c, Stanford Linear Arceteralar C'cnur.-The longitudinal and
1). It. RUST. A. Sit~vitsstmA, C. X. StNCLAIM, A-4o R. NI. radial dexlesfpinett of cecetron-phinion showers has been
'fJiALMAN, Corheli flstrernidy.-'lhe photoproductiots of electron ntteasttred in coppsler and lead at I 11eV. A new technitiue,
pairs has been studied lit several photon etnergies riingitig described in an enriier papecr,' usitig the tlier~ninoimine.eentt
from S00 to 1800 54eV. using a large uniforni-.field magnet property of liF hts been employedl tj mneasutre energy ileposi-
and spark cha~mbers. The e arid e- prodnctiontangles accepted tion. Tfhe resultant radial distributions atid transition cutrves
by the aupiitritits raniged froni 6* to 10". The momnentum are compared with Monte Carlo calculations and otilir ex-
acccptantie of the managt.e and the bremistrahiung peak energy prnei Iefato ficdn teg htlasoto
were varied in sticli a way as to keep their ratio constant. A cyhitidcr of radius- r (radiation lengths) is plotted against
cotmparisotn is iniide with q~uantisum elect rod ynamnics. Trho r-a, where to is the crittcal energy ofi the absorbing miaterial,
deviationt front Q.E.D. observed by Blumenthal el eII. would aIII it is oibservedl that mtost of the existing statistical antI ex.
lead toan approximsate discrepancy of 15% in the energy range perimeittal data. inluctding *~sex~riincitt, fall ott an empiri-
of this experittent. Analysis of the data is in progress and cal c urve--rega rd less I,` itncident energy or cho'i:.. of absorber.I ~ resuilts atie piresnted. * WSork sponsorted lvi- thp. 1. Atonsie er itrry Commiisi.,on.

Workmijl~tl I I*At b th~itona ScinceFaidaton.IT. M. Jenkins re it. Noel. tInt. Methaila tto be pimblithed).
it. II. illtiumenthal flat.. PMys. 35ev. Lettei 4 5Ž 2.) AEIS. Search for Dirac Monopoles Produced by the Cosmic

AEII. Mooin-Proton Elastic Scattering." H. voN 0m~s: Radiation. W. C. CARITUPmtS (introduced by R. K. Adair) A-ti
Jit. (introduced by -1. Yartsiiiouchi), R. W. EL'.Swoeiltl 1L J SrP.VcANSX1 )'ale Unitversity atid BSrookhaven; Nalional
A. C. NIEttSSINCA, J. It. TtsL-t.r? T. VAMANOUCHI, Lntmsiersmly JaboI-Olary.- The simiplest model of an electric charge and a
of Roehrstirr, I., Wsf LEDERtMAN, m. 3. rANrKF.ND M,I Columbia miagntetic mtonopifole violates tite-reversal invariance. Since
University. Rf. L. 4:0ot., ANn A. W. MASCIIKE, Broishhatns the Fitcli-Croniti-Titeley effect suggetsts that time-reversal
N41ionai' fAbmteainry.-Preliminiary restilts of the Blrookhavent- invariance is violated, it appeared desirable to conduct is
Colmitnbia-lRoclicster nhisor-proton elastic-sctittering expeni- further search for heavy magisetic zssonospoles. The negative
nitent' have beent repoirted for 4-inotnentuin transfers; of results of sutch a search allow us to place an upper limit for
g;-12-i31f'. We pre-ent here the results for the low, the Ault Of Monopoles In the atmosphere at R53X]0"1
mnicnnsitiiin transfer regions (111 -8 - l9f-4). rhe purified nintio monespolen/cmn'.sec. The expesimental design is similar to that
beam fLam the AGS having momnenta p-1.5--6.0 BeV/c Of M4alkus. Monopoles created by ecowic rays high in the
was incidrit on a (u-ft liquid -hyd rogen target, Both incident sitilinwheit diffuse along the geomagnetic field lines and are
ansd scattered milan tracks and the recoil-proton track were 5CiscpISated and focused onto a nuclear..wmualsof rack by a
photographed in spark chambers. The recoil-proton energy was large solenoid magnet (peak field - 13 kG. magnattic moment
nicasum-~ed by its range in a heavy-plate altmitnum spark chaint- .- 1,3X10 G/cm'?). The final trajectory Is defined by coin-
ber. Of ab~out 28 000 triggering events, we have identit'ied cidence counters and a sperk chamber. Assuming a specific
about 900 elastic evenits. The differential cro~s-section model for monopole neoduetious by very high energy nucleon-
dwldq is p-esented. It is compared with the results of the nucleos collisions, we cionvert our rate into a crs sevction.
high-inomentiinitransfer rin as well as with e-p scattering Fare IS-DeV/0 monmopole, veZ* 1Oerat,, or I" (A/Mcps)'.
data.

Work sirinre isarat by time lJ. S. Atomic Fneray Coummission.I iineitiiidre.:univ. Wasfitraiton.

Preseunt uadiresZ CERN. Genevi.
k5. COWl $I mt.. i'iyo. li-ev Leitt� 14. 724 (1963).

B-6

LOCKHEED~ PALO ALTO RESEARCH LABORATORY
Lt0C K HE ED Mit I s 15 & S PA LE 1...111P AN V

A G ROUP DiViSiON Of O0CIIHIED A'1CSSFI C-01POS.iION



Afl. Spectrweopy 6f Interstotlair Grains. F. M. josi~soff, base of the exosphere. Results of the calculation reveal that
lEledre.O#4-al Sysairs.-lDistinctive but previously uno the "total" hydrogen content of the atmonsphere above 120

reognired tiatterns corresponding to vibratioaflessergy Jimt is increased by a factor ei ~-1.1 to -'2.0 in the range of
'eparatinna within electronic bands have been-idendtied temperatures coissidaerul (0OW-23W00X. The higher hydro-

atosi 18 dil~usa interstellar lines. Such patterns will facilitate gin abunclance, as Well as the greater *mplitudei of variation
the search for the chetnical orign of the lines. Since thee is a with temperature appear to cofe, closer to an CIP1811114tion Of
known cot relation between the strength of these absorption the observed Lyman a riadiation.
lines anil 'trlar reddening, it is believed that they have their *Ntoa cyo dssNt~ sastCaelU~s
Origin in interStellar gains. Thus, assig~nmets Of the lines Itass'rc Aasschatc
may be tantamonwrt to a partia thernical identification of these
gains Each of the 18 lines falls into one of three groups. The Aft. Et Prohabillty of Lateplaseae Dowt Partices inathe
Ist and 2nd groups occur in the vicinities of 4600 sodl 610D k. Viea a~r~j WiKJ. WH*aiRszý RareytA~ lawai mss.
respectively, with the former the more diffuse. Both of theme -The advenit of vehicles inow space has brought into sharp
groups aen comprised of a set of 3 lines with w-avenumber focus some of the hazard problems to be surmounted. One
separations of 556 and 1568 cm. The remaining 12 lines fall among these many problems is interplanetary dust particles
within a 3rd group, also near 6100 A, who.. mlacn wavenuinber and the harard that it pre'.entm to spacecraft. In this regard,
separations can be sorted into 226 cm-4 or multiples thereof. the qlucstion always aris.es as io the probability that the body
A discussion is given of various types of chemical species tluat will be hit by interplanetary dust particles. An attempt has
appear most likely to be identified with these correlations. been mar-IeI here to answer somre Of these questions, at least

in a preliinuury way. Tlhe probability jb(z) that a hit will
AHZ. Inhomoitgensous Cosmological Expansloo. Quatalstellar occur exactly st times in time interval I Ism giveni by 5p(s)
Sources, and Quaslatellar Galaxiles. V, Ne'aa(Alf. Td-AlWias '(A4e'/x 1). where A is the average number oif bits. General
Unise.'sity.-We discuss the hypothesis' that quesistellar expression of A is 4 -W.! where a is the cross-sectional ami of
radio sources are fed by the decay of high-energy particles, the vehicle, the time interval, and I Is the omnidirectional
produced in superdense conditions corresponding to the intensity of the particle. A preliminary con putation shows
cosmological larrexpansion stasgas. Thewe are independent that these hit probabilities are very smiall unless It is encoun-
core whose expansion has lagged behind. Some comments are tot-ed by a stream of dust particles.
made with respect to the possible r~le of quasistellar galaxies
and the hypothesis of an oscillating model. 331. SindIng Energy at the Juseleus OIven K. MAMIstxs

1I, Novikov. Asrnm J. (UR If 14111 (14) (introduced by James Paul Wesley), Usit'rsily of Mi~ssouri,
Rolla.-The nuclear bineding energy of the nucidle (Z.A) is

ARX S.ia~ttarleg of Slow Electrons by Enhanced Ions Waves presently defined as its stability relative to (A-Z) neutron.
nesr the Osroganstlc-Fleld Boundary.' AWSAXON EVIATr.s and Z hydrogen atoms. This definition resuits from a model
Urniermiy of Moryland.-The scattering of low-energy eke-. where the Yukawa, exchange interactions ame ignored and
trona by iun-plasma oscillations in a stable plasma, containing the nucleus is assumed to be composed a( Z protons and
both supratheirmal particles and a current is considered using (A-Z) neutrons. The resuslting bledndhsqergeies of diffe et
the linearized Balescu-Lenard equation. The time required for stdidee are ealculated relative to difforsat standlarde. exceipt
such waves to scstter particles through 90' is estimated and In the special case where their asstnsed neutron poton ratios
compared to the Coulomb scattering difne. This time will be are identical. Thus a comparison of the bindin energies
short as cxmpared to the Coulomb time or other wave- of the different nuc'ide has little or no meaning. Since the
particle scattering times for slow particles, if conditions exist Weitsakkes equation considers only the intrinsic stability
that inhibit Landau damping of ion wave:j. This can explain of the nucleus due to forces acting between the nucleons. this
enhanced diffusion Of slow electrons across surfaces of dis- cannot he used to calculate the binding energy as presently
continuity in the Earth's magnetic field. Serbu' has observed defined, It is therefore proposed to define the balding energy of
I. to I-eV electrons whose density distribution shows no tUse nuclide (Z,A) as its stability relative to A neutrons..There
markfd variation at either the misgnetopause or the shock fuinte of the two definition of binding energy are discussed.
wave. We suggest that this is a result of scattering by ions waves
exci~ed by the observed fast particles coexisting with the 332. Compaso of Theoreticall Intesnal-Convsrsicif CeeO-
plasma. The electrostatic oscillation spectrum has resonances ficlents for Magnetic Mtuildoies (Z-39). C. P. DIIAUA.
at zhe electron and ion plasma frequencies. Observations of Upmvssiy of Al11hasmii, Ifusfss'sjf.-New calculations of
temperatures and flow velocities In the transition son -indicate in tern* I -conversion rortlicesents for h-0.15 nics have been
tlat the conditions required by this theory sire satisfied with- completed for the magnetic multipoles for Z-.39. The present
rut attaining the extreme values required for instability of calculations are based on the following realistic model.'m
.on nmndes. Atomic-screening effects both for continuum and the bound

* Wai ssporsd s prt b th Naiona Aeoajites..~~ lates are included by self-consistent Hairtree-Fock treatmnent
~ ~ and the finite nuclear size effects ane also included, The results

G.p. Serbu. SW turh(North Htolland Pubt- Co., Asssterd~m. of present calculations are compared with those of RwO. uAn
196S), Vol. 5. of Sliy and Band,'

AH4. Distribution of lleutra; Hydrogen ahovs 120 kil. * Work su.oted Ipat. byteNtoa Aeseente sad Sases Ad.
MosoEHrt LtWStSTiz,* NASA-Goddard Sfsaet Right Center.- mii- a is eonC. ~ se -wr. I tmitsU(o
Results of a new study of the hydrogen distribution in the Fol4iAIs~), c. P. 11hI11s. Cost. Nsd. FattcldP .swp. 5"l. Livepool.
thermosphere are presnted. These are ba.9ed on a solution of M. F6 Itsem. 15i*.s.l Ca-wrsde ComAkdood (19Q
the diffusion equation for a mi.ncr constituent through an (149) nd. Uhni~.I tA~&s u- i~ a S~uas
ambient stationary ssmosphere. taking into account the
effect Of evaporative loss in slowing down the effitsion at the
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MB. Theory of Liaw-Ly~g Speacer of Odd-Maws Nudele. EBO. Appilleatloass of the RNetron-Proton Pairinsg Theory.*
A. 1. Surxwtoo, Usimwaily of CL~fefu.a, Lat I011. Arso A. H. T, CIrs. (introdntCed by L. S. Kialiligcr) Amrn A. GiIPSWA&Ii,

of an odd-mass nuclei onidre to be states of in odd applied for the calculation of neutron proton rv-p ipa
(qusiljeatice trongly coupled to an eveit-ven Core. The correlation effects in the nuciei of Ni-Zn region. It is Phown

nwiceia are obtained by corsidering the equation of motion of a plained as an interplay of the relative Fermi energties of the
qoa"peti Ie empkoyin an expnsion in terms of a opeeneutron and proton and the n-p pair correlation effect. The
$'et ofstt." of tieenee cr., -.his procedure yields most spectacular results are achieved for the odd-mass Zn

Hritian mtrix in calttS~ to the higher random-phase and Ga isotopes whiere the theory predicts very-acar-Iying
appeoainsation, which gives non-Hermitian nutriomes h levels of same j as aoberved experimentally. For the even-even
stAtesl Of the core-eveni core are treated by the (quasi) Boson nuclei, the effect of quadrupole fore is also included and good
approximation. Numerical calculations arm presenteS and agreement is obtained with experimented data as regards the
discussed, lot 2* existed states.

* Work partaltly stiosted by~ the Nstfional Scienes FounalcJa. *Wotk .ii wtelnis by the National Scierce Foundatlli.
ULli Psi um ?~taeiwofLo. EuwnjCose'sa#, Bebm"15. (Atomtle

Itnery Comtiulion. Governmnit of India 1963); A. Go 1. Neel.

MM4.Theortial [Investigation of the Nuclear Properties ofoe, Pr~l nege n
the Od-M Pm NucfLot T. F. O'Dwyaa A~n D. C. Cuouv-

odd-n~ ina nuclei. For this purpose, it is assumed that the thcoy. the Hamada-johnston potentials was used; in cal-
last odponhaving available the lgris and 24,v, states, is culating the properties of atl and Fla. The remaction matrix
coupled to the collective surface vibration* of the even-eve~n elements were computed using the separation mttlod' for
core. The resulting Hamiltonian oi the coupled system is SE and TE potentials, and reference spectrum methcd' fori
diagonallized including all states with up to 3 phononsato the OadT poetlsThViQ)VcnrbinsfrE

quadrupoO varaios Wit reasonable. value forle the coutriuinon ten
qutrungth vband ns f ihresnbloaue o the couetiplspcnginenng g tnsor potential were computed using the closure approxima-
sthength and for sthtes "fethve' spaculated energy letwelsaein tion.I Dispersion and Pauli correction terns were investigated.
good agreement with the recent experimental data.'I Other prubutnticue ntecluation.fraim Usgl-ringthe nined clusterj
nuclear properties are also cakulated and compared with the prubto omlssnl-atceeege fI,,2S111, and Ida were obtained by letting tlie valence neutron

exeietaIaa interact with the Oil core. Results were very encouraging. The
'A. Rlohr sad D. It. 1ottelsam, 144t. Pyo. Medd. Dan Vlitt Selakab. if doublet splitting was found to come overwhelmingly from

No C19113);1 C. Choudhu .6" No( 4 (1934). o. I the TOI-s force through the let oider H-F process. The
K . 1Go bntha sd H. C. 1i, Jlty.. Rev. 3134. 297 (194.ID
Ps'ss~~ ;ti ~d310I1 W. U. Currie and P. W. D an, RcL spectra of Ova and Fla were obtained by diagonalizing the
Phy. S. 52 (965; (. ~ and! R. G. Ants. td.03. r23 (1903). effective interaction Gw( -Gflg) in the "- sheli. Among the

extrA configurations taken cret of by the wave operator
BBS. Zero-Rang. Sturact Interaction for Closed-Sbeil Nor- DN. the 3P-1b core-.polariatlo'n Processe were the mst
let. 3. LsTouasreux AND J. M. EISENBERG, Ulgiteeriiy Of' itmportant. ResultingI spectra were fairly satisfactory for 0"0
Virsixio.-Recently, it has been suggested' that a zero-range but less satisfactory for F".
surface interaction may be appropriate for the description of I~ T. T. La s*and G.. LUhesa, Phlalp tattooe It S4 (190).
low-energy spectrum of nucle. Such a force is used here, to-
tather with the particle-hole formalism, to discuss excitations
in closed-shell nuclei. This leads to considerable simplilhca-
tiara in comnparison with conventional treatments, mince the
diagotallsstion of larg secular matrices Is replaced by the
solution of dispersion relations. When isospin is a good quan-
tum number, the formalism, Insessentially the same as that
developed by Goawaitni and Psi.' Th mU e is tested by
applying it to the light nuclei, and, in addition, a detailed
study of Pbs' is presented. The results compare quite favor-
ably with those obtainedI using a more realistic interaction.
In particular, the position; of calculated levels below 4 MeV
agree to within better than 0.1 MeV.
*Work aurrtotd In pat seU .Atornk Energy Commission. Grant@

train the National Sclenre`undaton and from Roeveath Corporation for
... ,Aare sigotwedss,,l Pnays Rec.~ 9139, 11700 (1%$S).
We 1 ad S. A.WA

:A. Gosmumi Rod M. V. Pal. Neal. Phys. 33. 344 (1962).
'GUMl, Groee. uA;4 eaudeman. Phys. Le~tter 11,.44 (1964).
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