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FOREWORD

This report is intended to document the state of development of
Computer Set AN/GSQ-16 (The Photoscopic Memory) and its as-
sociated information handling methods at the termination of the
first phase of Contract AF30 (602)-1823. The primary objective
of the work in this phase was to evaluate the Memory and get it
running reliably. At a technical review conducted jointly by IBM
and the Intelligence Laboratory in March, 1959, the Memory was
demonstrated as capable of automatically looking up words in a
Russian text and printing out English equivalents in comparable
format. The demonstration was made possible not only by the
Improvements effected in the system mechanics and circuitry,
but also by improved methods devised for ordering and loading
the dictionary information and the cooperation of the Rome Air
Development Center in making a Russian- English word list avail-
able. The word-list was compiled at the University of Washing-
ton, also under a contract with the Intelligence Laboratory.

Volume | describes the Photoscopic Memory as it forms a part
of an automatic language translation system and reviews all the
work performed in the contract period to enable the memory to
carry out its function in this system reliably. Effectively, VVol-
ume | is a final project summary. Volumes Il through VI de-
scribe the principles upon which the various components of the
system depend, the physical characteristics of these components,
their operation and, to the degree required by engineering person-
nel, their maintenance. Inasmuch as they provide complete rec-
ords of the equipment, these volumes extend the earlier reports
prepared under Contract AF 30(602)-1566.

The work at IBM Research was carried out under the direction
of Dr. Gilbert W. King. Appendix A is a list of the project
personnel.



ABSTRACT: An initial working system for translating Russian
to English utilizes a large capacity photoscopic memory with

fast access time as the primary tool. This report discusses the
requirements for "real-time" translation of Russian technical
literature and indicates the degree to which the present, or Mark I,
system is capable of meeting these. It then describes the over-
all operation of this system, stressing the logic of the search
procedure and other design features of the memory which make
the system workable. Since the translating power of the memory
depends upon the dictionary information stored within it, the
techniques and devices for preparing this information and loading
it onto the storage disc are also described. Lastly, a summary

is given of the work performed during the contract period to bring
the equipment to its present operational level.
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Section I-Background

The automatic translation of language has become desirable in
the last few years because of the increasing quantity of impor-
tant scientific papers in foreign languages. Our scientists man-
aged in the past to keep up with the French and German output,
but now writings in Japanese and Russian are also of major im-
portance and about 25 other languages contribute literature of
smaller, though not negligible, quantities. While the translation
of these languages can be performed by humans, the magnitude
of the task indicates the extreme value of automatic methods.

A basic requirement of a machine upon which such methods can
be based is clearly a large, rapid random access memory. There
are 10° stems in a language with roughly 10 inflexional forms for
each in Indo- European languages, and it is estimated that 102 bits
of lexical information will be required per word on the average.
The capacity requirement is then 10°, which accords well with
another point of view: that it is necessary to box a linguist in the
machine. It is estimated that the capacity of an expert' s brain

is 10° bits of professional material.

The rate of production in the Soviet Union of printed material
which at least one person in the United States should read is 100
words per second. We may assume the addressing can be de-
signed to supply the necessary lexical information in one look-up,
so the random access should be 10 milliseconds to 10° bits, in
10°® computer word lengths.

It is fallacy to suppose that the basic units in communication by
words are words themselves. The information necessary for
translation concerns words, word groups (e.g., prepositional
phrases) and also parts of words. Thus the concept of the unit
record of numerical machines must be abandoned, and replaced
by an addressing capability of searching for the longest sequence
in the remainder of the sentence.

The length of the address (the sequence of characters in the source
language word) will vary from six to over a hundred bits; and the
information retrieved will vary from a few to several thousand
bits. Perfect matches will not always be made (for example, with
internally inflected phrases or typographical errors) and, indeed,
will not be absolutely necessary.

The system utilizing Computer Set AN/GSQ-16 (the Photoscopic
Memory) is based on these principles. Its capacity is 3x107 bits
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as compared to the 10° bits mentioned above for an ultimate sys-
tem and its access time is 35 milliseconds as compared to the 10-
millisecond figure quoted. The higher figures, however, do not
exceed the limitations of the basic techniques involved and should
be obtainable through straightforward development work.

The present system, designated the USAF Mark | Translator,
consists of two separate sets of equipment, one which loads the
dictionary onto the storage medium (the photo disc) and the
other which performs the actual translation function. The
speed and flexibility of the loading system is compatible with
the language translation requirement. The translation system
is capable of deriving adequate English equivalents for a high
percentage of Russian inputs. The English, moreover, appears
with proper format in upper and lower case Roman letters and
is complete with punctuation. Future effort will be directed
toward increasing the input and output speed, which currently
lag the Memory. Greater logical powers, particularly for
sentence analysis, will also be investigated to improve the
yield of satisfactory translations.



Section I1-The Translating System

A simplified pictorial block diagram of the translating system is
shown in Figure 1. The heart of this system is the glass disc on
which are recorded coded Russian idioms, phrases, and words
paired with English meanings. The disc thus acts as an auto-
matic dictionary which is read by means of a cathode-ray tube
light source, a moving lens, a photo multiplier tube, and some
electronic circuitry (the digit detector). In addition to the disc
equipment, key portions of the system include the input Flexo-
writer which is used for typing the input Russian text, the input
register which holds input text until the disc is searched for the
proper dictionary entry, and the output Flexowriter which prints
the translation.

Continuing to examine Figure 1, we can explain the operation of
the translation system by tracing the events which flow from right
to left as a result of some input text which has been typed on the
input Flexowriter. The input Russian characters are each coded
in the form of holes in an input tape. After the tape passes
through the tape reader the information becomes coded into "ones"
and "zeros", six per character, and is placed in the input reg-
ister. These characters are then compared with the information
being read out of the dictionary in order to determine the proper
direction to move the lens and cathode-ray tube beam. This is
analogous to a human looking into a printed dictionary at what -
ever page is open and then flipping pages in the proper direction
as a result of reading the first entry. Instead of pagesin a
printed dictionary we have tracks on the disc dictionary. The
light beam continues to step across tracks, reading a small por-
tion of each, until the comparator indicates that it has gone too
far. The light beam is then brought to rest and the disc rotation
(1400 r.p.m.) allows the reading of every entry on a particular
track. This corresponds approximately with our reading the
entries on a page of a printed dictionary from the bottom in order
to get the longest possible match (for example, "time constant™
before "time™). When a proper match to a Russian semantic unit
has been found, the corresponding English meaning is read out
through the high speed register to the output Flexowriter. At

the same time, logical circuitry indicated by the "distributor™”
has kept an account of the number of input characters for which a
a match has been found. This allows the input characters which
have just been translated to be discarded and fresh input char-
acters to be shifted into the input register.

The output buffer in Figure 1 is a gathering place for all output
3
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characters prior to printing out. It holds one character at a time,
receiving it from various sources depending upon the nature of
the contents. WAhen no translation whatsoever is required, such
as for Roman characters, punctuation, and numerals, the char-
acters come directly from the input register. In the case of Rus-
sian word inputs, English meanings come to the output buffer from
the disc memory equipment. In the case of input Russian which
must be transliterated into Roman characters, such as proper
names, the direct transfer from the input register is blocked so
that control circuits can allow the transliteration stuffing equip-
ment to make the proper changes. When an input Russian word
should be translated but cannot be found in the automatic diction-
ary, it is also transliterated. In both cases of transliteration,
the output typewriter ribbon color is shifted to red. This feature
allows the user to notice at a glance what additions are required
in the next edition of the dictionary.

The cathode-ray tube shown in Figure 1 is used as a light source
because an electron beam can be moved faster than any other
source. When it is necessary to move the light from one disc
track to another, the change is made extremely rapidly by means
of the deflection current. The lens motor, with its higher inertia,
moves more slowly and allows the cathode-ray tube electron beam
to return to the center of the tube face. Thus the cathode-ray
tube beam makes possible the low access time (35 milliseconds
average) while the lens motor prevents the electron beam from
going too far toward the side of the tube.

The speed of this translating system is sufficient to translate Rus-
sian technical literature at an average rate approximately equal

to the rate at which it is produced (30 words per second at pres-
ent). Only the relatively slow speed of the input and output Flexo-
writers limits the speed of the system to a substantially lower
rate. In the future it is expected that the input speed limitation
will be removed by the use of automatic page scanners and charac-
ter sensing. The output speed limitation can be eliminated by
means of high speed printers and by multiplexing several output
units as illustrated in Figure 2.

Some details on the layout of coded information in the disc memory
are shown in Figure 3. A ten-inch glass disc contains 30 million
bits of information on 700 tracks in an annulus 0. 36 inches wide.
The width of the annulus is kept as small as possible for the sake
of rapid access. The coded lexicon entries are represented by

5
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clear and black squares approximately one-third of a mil

(0. 00033 inches) on a side. These marks interrupt the light beam.
from the cathode-ray tube on its path to the photomultiplier and,
therefore, differentiate a zero from a one. Since these marks
have been kept small for the sake of access time, the light source
on the face of the cathode-ray tube has also been kept small. It
Is, however, quite intense (1600 candles). In order to prevent the
electron beam from burning the phosphor on the face of the tube,
as will happen in any cathode-ray tube when its beam is kept in
the neighborhood of a single spot, the beam, in addition to the
motion required for stepping from track to track, is made to trace
a circle about two inches in diameter. This motion is compen-
sated by a vibration in the lens so that positioning on the tracks of
the disc is not affected.

Figure 4 illustrates the manner in which zeros and ones are re-
corded on the disc. In either case a light square as well as a
dark square is required. Only the order (i.e., whether or not the
dark precedes the light) is changed to differentiate between the two
types of bits. On the bottom of the figure are shown portions of
three typical tracks. The corridors between the tracks are alter-
nately colored black and clear. This allows the average light in-
tensity of the photomultiplier tube to provide a signal for tracking.
When the beam is correctly positioned, a "grey" level of light is
transmitted to the photomultiplier. When the beam is too far to
one side the incident light intensity increases, creating an error
signal which allows a servo-mechanism to move the electron beam
and lens so that the light beam will return to the center of the
track. When the beam drifts toward the other side, the light in-
tensity decreases, creating an error signal of the opposite polarity
which moves the light beam again back to the center. Thus very
accurate tracking by the light beam is assured.

Lexicon entries on the disc are laid out in such a way that the Rus-
sian words and idioms themselves make up the address of the en-
try. Each character in the Russian word has a certain binary code
which can be interpreted as a weight. Cyrillic "e" has the lowest
weight and Cyrillic "B" the highest. Each coded Russian word,
therefore, looks like a long binary number. The layout on the
disc is in numerical order, which is different from alphabetical
order but has a certain similarity to alphabetical order. When the
disc is being scanned track by track, each bit (one or zero) in the
Russian word is compared with the corresponding bit in the input
register (which here is acting like a memory address register).

7
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This comparison is continued until disagreement is found. At this
time, a "zero" on the disc and a "one" in the input register means
"go ahead" to the next track. The inverse combination means "go
back™. Only when the correct entry has been passed is a particu-
lar track scanned exhaustively at a rate of one megacycle per bit.
The exact match has been found when each one and each zero in the
Russian dictionary word matches up exactly with each one and zero
in the input register until the symbol signifying the end of the Rus -
sian word in the dictionary entry is reached. Figure 5 shows a
typical lexicon entry on the disc, with P representing a character
in the Russian word and E representing a character in the English
word. In the example shown, "electrical” and "charge™ are shown
as two separate entries on two separate tracks.

Figure 6, a sketch of the translation system, gives an impression
of the size of the equipment. The search electronics could readily
be reduced in size by converting the high speed vacuum tube cir-
cuits to transistor circuits. Figure 7 is a sketch of the disc reader.
The disc itself is mounted about half way up the unit, with the
cathode-ray tube light source in the bottom section and the photo-
multiplier toward the top.

The design of the dictionary has utilized photographic techniques
because photographic emulsions are the densest storage media
known today. Although this storage is permanent, a great deal of
work has gone into the design of equipment which can prepare new
discs rapidly, thus allowing frequent updating of the list of entries
in the dictionary.
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Section 111-The Disc Loading System
The system for preparation of the disc is shown in Figure 8. It

MAGNETIC
TAPE P FILM
SORTING

GODE CHANGES
NEW IBM SYSTEM

PUNCHED
CARDS

DOC

OLD ALTERNATE SYSTEM

Figure 8 = Disc-Loading Systems

begins with a document which contains entries to be placed in the
dictionary. These entries are keypunched into cards or paper
tape. Since the card and magnetic tape system is the newest and
iIs much faster than the paper tape system, it is expected that it
will be used exclusively hereafter. Once the cards have been pre-
pared, it is a simple matter for an IBM 704 computer to merge the
new cards with the old by straightforward sorting procedures, plac-
ing the complete list of entries on magnetic tape. The 704 sorting
program also will place any random mixture of dictionary entries
into proper numerical order. Especially designed equipment now
allows the magnetic tape to serve as input to a film-making machine
which photographically codes entries on rolls of 70-mm film. The
use of film as a preliminary step prior to making the disc sub-
stantially reduced the initial engineering problems (such as timing)
and allowed faster progress in building a working system. A sketch
of the machine is shown in Figure 9.

Since film-making is a photographic process (a cathode-ray tube
light source is turned on and off in accordance with coded binary
information arriving from the magnetic tape while the film is
passed through the machine), photographic processing must follow
the exposure. Although a standard Air Force processor is used

13
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at present, some improvement appears desirable for future sys-
tems. Toward this end, Research is developing a special film

processor (see Figure 10) which makes the processing automatic
and also avoids flaking by winding the film so that the emulsion

side never touches the rollers.

Information on the film is recorded on the disc by means of the
Disc Making Unit (see Figure 11). Here again a cathode-ray tube
light source is used, along with a mirror and lens system for pass-
ing light through the film to the emulsion on the disc. A servo
system is utilized for accurate focussing. The disc is turned at
one revolution per minute during exposure, with special precau-
tions having been taken in the design to keep the speed and timing
within close tolerances. The size of the information is reduced
by a factor of about 55 during this process.

The photographic processing of the disc after the disc-making
machine records the information is extremely sensitive to foreign
particles in the developing and fixing fluids due to the extremely
small size of the information bits (0. 00033 inches square). Com-
mercially available solutions are completely useless until they are
finely filtered. To overcome this problem, a special disc proces-
sor was designed (see Figure 12). This device minimizes the quan-
tity of fluid used and then filters immediately before the fluid
touches the emulsion surface.

As a result of the great care taken in the design of the disc-loading
system, new dictionaries can be prepared on approximately a daily
basis if desired. This speed meets the requirements of language
translation by a wide margin. However, even if more rapid up-
dating of the storage is required, a small erasable store such as a
drum could easily be added. Figure 13 illustrates this possibility.
In this system, the input address would initiate simultaneous
searches in the large capacity photostore and in the small capacity
erasable store. In most cases information would be found in the
photostore only. Whenever a match would be found in both memo-
ries, the "logical choice" equipment would dictate that the erasable
store be read out, since its information would be the most recent.

15
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Section IV-Summary of Status

The equipment described in this report has been developed, de-
signed, constructed, and tested out to a sufficient degree that use-
ful and meaningful translations can be performed automatically

in most cases. Although word lists for the dictionary have been
very limited, we are now incorporating useful lexicon entries by
modifying lists which have only recently been made available to
IBM by the Rome Air Development Center.

The following is an example of a translation from a Russian first-
aid booklet which has been produced by the translating system.

PHOTOGRAPH OF ORIGINAL TEXT
[IEPEJIOMH

Emapenon

PB pESYRECATE EMABRCTO FUMGA, DADAMES WIH RARAPOMMS: LRYFona OEPAIMG, ©oToped comtant ha gUE, #8dcdek, CooTRSTEIBRHHOTS DAIWEDR ROooK i

ol pekAekne nodeT ApoNIoiTY TepEASK EoeTH.  d0& UASTOTE AtkaAHARCMk Nk Mopmou NAA0K, AAKFADMBEEWLT Ha NOBPeEEEHAYY KOath, FAGA OHHN CAREFST AGENQEATH

WOCTE CTOAT MARSXCM MPAANAAULE, STEM DOSMM, PAGH#R, LCMADE, KOGTH LOSTATOMHG® HOEMMECTAS BATH, WADNW, & EONH WX UET, TO NP2CTO Cembe.  #hpw
REARITH, NIE%8, JAEPA. dNpl WekRdUW faTooornsess (Trdepxyaea] nam OTHDHTEM THPRIONE HYENG DMRIZTh SRPYIMACTE pAHH AOSON W CRETHA JACAATOBATD &4,
STATNSCHHYE WANEHEHHA B FOSTAX OMW MOTYT ZONMATBCH THOD BOIIeHCTOMeN ReGoNBuch FOMEL BOAZEY THTE NXCTHG MR . AR RERBHI » ]
TRANM].  #0pd NEpLNONE FOITEA QOMONKM HE HEOTOA TIDODMBAET TORCUBAROHG KyEHe 4T LENBUED, HHANE WOEAT NPEMIOATH ST7K. §APAAMAIHD HAASECHNAR

BEATH MMl W GSEY I TODTAT RADFRY - OTRDETSR nepedow lpwe. U5), & sweccy hEZEABMNFAN BOBKINA YITCRNAST 00T3, GERNATITOYET REARUsRHGMY JMIDIRE
DoTaTIA AOf karTH = IRKEATHR mepeaeM [pua. S8}, @M dakpuThH, M ooTROMTHG STAGWEDE, Th HEKA IARPHTETE
Repanou Xap H GeNED 2 MOCT wacry, MEpeAcs B OTHONTHH, FEAKOAREIATE MoDNINY-HALO .CHROY, FITIRE candaTach
DEEYTEThuts HAgMAMBHMY EBMECHHT, HAOrDA XOYCTON OSNCHEOE M KDIBONGATERON W RANCENTE OOBANEY B TOM CAYUSE, TER Bpas s

BOKPYD MECTR OTpalAcia. EOCMATRMDATE NOSTO, CAS NOLOTLRBASTCA TT9EAX0M, WM He HANOXHTE NEPAIKY TAM; CA= OHBXGTON TEPENTH.

HYtHo SUSHE GetOpedit, STGON WA TEWEHAMTE GoARRONY MAXTOReH Goam . FOCHOBRCS TPADHAG NPA HAREoHUL UMH: ol JSARHE OHTR Tahefl nowed,

EApH FRRpUTAM W OTHPRTSM THPRIGWE SXIFST NPe¥Dd Ro4Co CHATE TOKDHR RO UToSH JAYBATHRATE MARMWYN OBA CyeTaBA - QENA THUR W APYFOR Hidld MACTA
EMHMVY UASTh TSN CRETEY. JOCW TEPENCMAMM NOATU BEQXHER ROHAWHOOIL, TO urTe b EaBAGH YsSTH TeNa. EAPH MepeacHs .
L L LY & natoM AeeT YT . URNERMRE, HPEAMAELLE WHHE LONXEW [

SEpl Nep+A0MAY KETTER HOrK NISTRAIREOENY DRAINBEKT NOMUEY, B CRMMAA qyctaed [a1p, WO-I7]. {0 NONTERON IycTEBE UMWY SrHOGET Nof MALWEH YTACK
& Hero Gpfk o Caner. HEY. Matkchaou=asT Ake BWHH! O0HY RA Tp*A0N&YE4, OQFTFR AS TIFE4Q.

éﬂSpB&K NEHOUL (P NepEncME JSHXNVASTIA 3 TOM, ATC0N YWe AIITE GOXk, gnecenod UepsOx, PLASOAONH YIDEOn HSCFT SHTE OTKRWTHOON W JRkpPuTiO

NORETR HOETH M TPNIATE MM 09 AHRM OppBslo, K D4peXoMed 990674 RRtTINAMT TARGTAE MOTOEKME SHOARME:
BEREQE nepooft SRTANHEHHOS AOIHAHHE HEH ACANSS #F0 OTCYTOTING, WAOTAE CYAUPOTH, DAPRINY.
TLUDEA NP TRPFDOHAR SLETANT B L1} TatTh

FATU ABEEHME BOMHHEANT CDASY HAW CMYETA HACKOANG H@gOoR OOad Iiamu.
(end)
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MARK I TRANSLATOR PRINT~OUT

|

. . MARK I TRANSLATOR PRINT~OUT
’ FRACTURES
An a result of wtroug contusion, fall or any other injury may result fracture hone,
With cccurrences of pathological (tuberculosia} or senile changes in bones they may break undex
infiuence amall trauma. During fracture bones fragments them sometimen tear covering

" bone tnusclew and protrude out - open fracture (fig. 45}, and sometimes remain under skin - covered
i-

racture | fig. 46), And covered, and open fracture {a characterized following symptoms:
pain in injured part, lack normal movements, sometimes crunching noise fragments and bruise around
place fracture. Investigate place, where is suwpected fracture, id necessary very careful,

in order not to cause patient unnecessary pain.
During covered and open fracture is necessary firat of all remove covering given part hody
clothen. If broken bone upper limb, then first of all bare healthy, and then injured arm.

During fractures leg bones injured render aid, not removing from him/it trouserns and shoes.

Proper way rendering first aid during {ractures consists of tying around injured part
rigld dresaing, which consiets of aplinte, troughs, appropriate size boards or sticks, placed

on injured hone . Under eplintm i necessary place sufficient quantity cotion, gauze,
and if they are oot available, then wimply linen. During open fracture is necesrary smear
area around wound iedine and lightly bandage she. Splints ahould be tightiy bandaged.

Ar a rule, bandage limb is necessary from fingsra/toss, otherwise may result dropay.
Froperly tied rigid dreasing doea away with pain, opposes further travel fragments, prevents
possibilitywith/ fromt occurrence shock and trausition covered fracture in open. Place dressing
i-
8 necansary irmmediately . Better make mistake andtie dressing in the caze when physician
later will not find fracture, then not tie dressing in the caze when will be fracture.
Basic rule during tying aplinta: splints ehould be such length, in order to cover at leaat
two joint - one above and other below place fracture, which insures rigidity given part body.
Taring fracturs, for instance, forearm splints should cover albow and wrist joints {page
a6 -47). In elbow joint aplint bend at a right angle or place two splints: one on forsarm,
other on arm.

Skull fracture, Skuill fractures may be open and covered, As a rule, during skull fractures
there result serious cerebral phenomena: affected conaciousness or full he/fit absence, sometimes
twitching, paralysis. These phenomena arise immediately or later a few hours after trawmna,
Sometimes during skull fracture irom nose, mouth and ears flows blood,
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The present status of the translation system was achieved only
after the completion of extensive electrical and mechanical im-
provements in the original equipment furnished at the beginning
of the contract. The initial equipment had never been completely
debugged and tested and, moreover, had been subjected to two
long-distance moves. Some of the major changes and improve-
ments made on the system are described below in general terms.
Detailed descriptions of the modified equipment are included in
the five subsequent volumes of this report.

The film making procedure was greatly speeded up through the
previously mentioned development of a magnetic tape input to the
film-making machine and the preparation of IBM 704 computer
sort routines to properly order the dictionary entries. The opera-
tion and reliability of the Film Making Unit was substantially im-
proved by redesign of some critical timing circuits and control
flip-flops. Modifications were also made which permitted the
more desirable Microfile film to be used in place of the Linograph
type. Control of film exposure in the Film Making Unit was im-
proved to allow careful studies of the optimum exposure-develop-
ment factors with reproducible results.

The quality of the finished discs was greatly improved as the re-
sult of a number of mechanical modifications based on a careful
analysis of minute variations observed in the disc speed as it
rotated in the Disc Making Unit. The principal result of the
changes was more uniform exposure of the disc. Such steps as
the installation of rotating cleaning brushes and a pressurized
container for the disc were also taken to insure a greater degree
of cleanliness during preparation.

The utility of the Disc Making Unit was increased by modifications
which permit either the film or the finished disc to be read elec-
tronically at slow speeds. It is thus possible to check discs for
exposure, defects, etc., without tying up the main translating
system. This feature has proved extremely valuable during in-
vestigations seeking the optimum exposure-development factors
In the disc preparation.

A major step in disc making was made with the design and devel-
opment of the special Disc Processor mentioned earlier.

Major revisions in the search electronics were required to bring
its operation to a satisfactory level and to aid in troubleshooting
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and maintenance. In general, the major electronic problem was
the inability of many of the control circuits to operate at the speed
required by the asynchronous character of the data from the photo-
store. Almost all the control circuits were modified to extend
their high frequency response, and approximately one half of the
pluggable units were extensively modified to correct their margin-
al operation under asynchronous conditions. Considerable addi-
tional forced air cooling was supplied to the electronic sections and
the physical positions of many pluggable unit components were
changed to reduce the excessive ambient temperatures. A few
major logical errors were discovered in the search electronics
and appropriate corrective measures taken.

The electronic regulators for the motor generator power supplies
were modified to improve the transient response and the out-
put voltage regulation. Several of the low voltage transistor sup-
plies were replaced with Zener diode supplies to increase their
reliability.

Originally the dc voltages to all sections of the system were fed
through a single fuse for each voltage. The necessary fuse capa-
city did not provide adequate protection against severe physical
damage to plugs and pluggable units in the event of accidental
shorts between power supply voltages. In addition, short circuits
were sometimes difficult to locate. To overcome these two prob-
lems, a power distribution panel was added which isolated the
various sections of the system by means of low current fuses.
The reduced fuse ratings eliminated the problem of physical dam-
age and the sectionalization of the power distribution helped pin-
point troubles to a much smaller part of the system.

Considerable redesign was done on several of the circuits of the
disc reader. Some of the circuits modified included the CRT
focusing controls, intensity servo, and the photomultiplier am-
plifier. Circuits to actuate the track stepping were also developed.
Mechanical revisions on the equipment included complete repack-
aging of the electronics and regrinding of the disc mounting spindle.

The disc reading circuits, usually referred to as the digit detector,
were redesigned to utilize solid state components. In general, the
logic of the original circuits was retained. However, the new
circuits are more reliable and more readily adjustable.

The above listing is not intended as a complete enumeration of the
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problems faced in bringing the equipment to its present opera-
tional level. It does indicate to some extent, however, the en-
gineering effort which was devoted to the equipment.
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Appendix A-Project Personnel

Following is a list of the personnel in the Lexical Processing
Department who contributed to the development work.

W. F. Anderson H. C. Fox

C. L. Barcia D. A. Grafton

A. Brannigan H. H. Herd

H. W. Chang D. Johnson

E. P. Clarke G. W. King

J. L. Craft E. W. Prusik

W. J. Deerhake E. T. Rowe

J. A. Duffy W. B. Strohm

I. T. Ellis T. T. Tanimoto
H. G. Ferrusi G. O. Tarnawsky

George Shiner was the Project Engineer for the Rome Air
Development Center.
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