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The F-111's wings are adjustable. Its pilot sets 
them to ex tend almost straight outward for 
takeoff. For high-speed flight, he swings them 
back to a swep t-wing position. F-111's have flown 
Mach 2.5 at high altitude, Mach 1.2 during low 
on-the-deck maneuvers, and have landed at 
a speed of about 121 miles per ho ur . The F-117 
is produced by the Fort Worth Division of 
General Dynamics. 

uses first computerized 
maintenance checkout 

I\.. I OVEMBER 9, 1966 an unconventional air-
1 '~ craft dashed 150 nautical miles at low 
altitudes at supersonic speeds. This was the 
longest low level flight ever made at super
sonic speeds up to that time. Half the time it 
flew in an automatic mode with the aircraft 
under electronic control , compensating for 
uneven terrain that included mountains as 
high as 8700 feet. 

In the air the F-111 is most decidedly an un
conventional aircraft. The most obvious differ
ence is the variable-sweep wing. The F-111's 
wings are adjusted by the pilot for maximum 
efficiency. At takeoff the wings are extended 
straight outward for maximum lift. For high 
speed flight of Mach 2.5 (two and one-half the 
speed of sound) at high altitudes the wings 

are moved back to form the swept wing angle 
characteristic of supersonic fighter aircraft. 

On the ground the unconventional F-111 
provides unconventional maintenance and 
service problems. In answer to these prob
lems, an automatic support system called 
CENPAC (Central Processor and Controller) 
was developed by the Defense, Space and 
Special Systems group of Burroughs Corpor
ation . The CENPAC System was conceived for 
use in the Air Force F-111A armament and 
electronic shops. It represents the first digital 
computer application for automatic checkout 
of avionics electronics packages for a pro
duction air-borne system. Checkout program 
source is provided by two Ampex ATM-13 
magnetic tape transports. 

ON THE COVER: Charles Babbage completed this segm en t o f his Difference Machine in 1833. Earlier calculators were primitive adding machines. 
Babbage's was the prototype of today's digital computers. (This and th e o ther drawings in this issue of ea rl y computing devices are reproduced 
from the collection of Planning Research Corporation.) 
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F-111: Wings that Move. The F-111 is a two
seat multipurpose fighter primarily developed 
and produced by the Fort Worth Division of 
Genera l Dynamics. Severa l versions of the 
F-111 include the F-111A,a fighter version used 

•he Tactical Air Command, the FB-111A, a 
1ber version to be used by the Strategic 

Air Command, and the F-111C, a strike air
craft used by the Royal Australian Air Force. 

The most revolutionary feature of the F-111 
is the use of variab le-sweep wings to ensure 
optimum performance throughout the entire 
speed range. Specifications ca ll for a maxi
mum speed of about Mach 2.S, capabi lity of 
supersonic speed at sea level, and short take
off and landing capabi liti es from rough air
fields. To provide this performance, the wings 
can be moved in flight through sweep ang les 
from 16 to 72.S degrees. With wings ex
tended virtually straight out at 16 degrees, the 
F-111 can make slow takeoffs and landings 
(at about 121 miles per hour). Tucking the 
wings back 72.5 degrees into a delta shape 
reduces drag to a minimum. This enables the 
aircraft to fly at Mach 2.5 or at supersonic 
speeds (over Mach 1) during low "on-the
deck" maneuvers. The wing can be posi
tioned at any intermediate point to perform 
any specified mission with peak efficiency. 

A terrain-following radar set (TFR) all ows 
the F-111 to penetrate defenses by control
ling the aircraft automatically (or manuall y) 
over the terrain at low altitudes. At super
sonic speeds, clay or night, the F-111 can fol
low the contour of the earth 's surface to 
minimize detection. The TFR system checks 

'f and if anything does not function prop-
1t wi ll automatica lly cause the aircraft to 

climb for safety at higher altitudes. 

CENPAC (Central Processor and Controller) 
developed and produced by Burroughs 
Defense, Space and Special Systems 
Group , provides automatic computerized 
checkout procedures for the Air Force's 
F-111 sweep-wing fighter/bomber. 
Important features of the system arc 
two Ampex ATM-13 magnetic tape units 
(s hown al left and right), a control 
console (uppe r cen ter), paper tap e reader 
(felt cen ter), keyboard (right cen ter) and 
Burroughs 084 computer (lower right ). 

AVIONICS: The Aircraft's Electronic Control 
Systems. Integrated av io ni cs systems on board 
the F-111 insure operational effectiveness for 
training and combat. Communications, navi
gation, terrain following, and other system 
capabilities are included in the avionics des
ignated Mark I (Mark II will further improve 
navigation and weapon delivery by incorpor
ati ng advanced development and state-of-the
art techniques). The F-111 crew may select 
combinations of avionics subsystems that best 
suit the mission requirements. Included in 
the cho ice are four basic subsystems: primary 
flight instrumentation, mi ss ion and traffic co n
trol , fire power contro l, and penetration aids. 

F-111 AVIONICS MAINTENANCE: A New Re
quirement. The F-111 had to meet perhaps 
the most stringent maintainability and relia
bility requirements ever laid down by the 
Air Force for a manned aerial weapon system. 
The F-111 maintenance approach is to keep 
ground maintenance time and equipment at 
a minimum. 

Flight line maintenance is performed by 
using self testers which are built into the air
craft subsystems. These subsystems are mod
ular and can be removed and replaced if 
defective. Most subsystems are located in the 
lower sections of the aircraft and provide 
easy access and service. 

CENPAC: A New Shop Approach to Auto
matic Checkout Systems. Burroughs Corpor
ation developed the central control computer 
for th e automated support system, CENPAC, 
in response to General Dynamic's stringent 
maintainability and reliability requirements 
for the F-111. As the CENPAC system was 
phased into the Air Force F-111 testing pro
cedures it was proven that it could provide 
an even faster than anticipated avionic sys tem 
turnaround time. 

CENPAC is limited initially to check out of 
airborne line rep laceable units (LRU's) and 
modu les. Its job is to send test programs to 
the test stat ions which in turn app ly test 
stimuli to many of the F-111 's avionics sub
systems. These programs contain test se
quences that activate and ana lyze the aircraft 
subsystems. Up to ten test stations may be 
controlled by the CENPAC System at the same 
time, providing an abi lity to simu ltaneously 
test a variety of aircraft subsystems or mod
ules. Airfields serv icing F-111 's will have at 
least one CENPAC System, but CENPAC is 
also designed to be easily moved from air
field to ai rfielcl. Components were chosen 
not only for their performance and reliability, 
but for their compactness and low weight. 

Th e principle elements of CENPAC are a 
punched tape reader, a contro l panel, provi
sions for a teletypewriter, a digital computer 
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and two ATM-13 magnetic tape units. The 
initial program material is entered by the op
tical eight-channel punched tape reader. The 
operator communicates with CENPAC through 
the teletypewriter. 

The heart of the CENPAC System is a com
pact, rugged, efficient 084 Computer made 
by Burroughs Corporation. It is a synchron
ous, parallel stored program machine which 
uses fixed or floating point programmable 
binary arithmetic. The computer includes a 
working memory packaged in four modules 
of 4096 words of 25 bits each. It is a homog
enous, destructive readout, random access 
type. 

The computer is dependent on two ATM-13 
magnetic tape drives for the program material. 
Designed for airborne and fie ld use, Ampex's 
ATM-13 was chosen for CENPAC for its sma ll , 
rugged conf iguration and its reliable perfor
mance in field and mobile environments. It 
is the on ly unit of its type capable of record
ing blocks of digita l data suitable for conven
tional computer format with no need for in
termediate processing. 

For CENPAC use, the Ampex ATM-13's op
erate at a standard tape speed of 75 inches 
per second in both forward and reverse di
rections. Although the units will read tapes 
of different packing densities, information 
stored in the CENPAC is set at 800 bits per 
inch. Usab le tape life is greatly extended 
through the use of vacuum column chambers 
and a unique capstan drive in contact with 
on ly the base side of the tape. 

The test programs are compiled onto a my
lar punched tape and entered into the CEN
PAC through the punched tape reader (not 
actively used during actua l test procedures). 
These programs are stored on both ATM-13's 
in the system. The computer's working mem-

The ATM-13, one of the Ampex high environ
ment series, is a lightweight, closed-loop digital 
tape drive employing a variation of the Ampex 
single capstan tape drive and patented electronic 
servo control. Two vacuum chambers (under
neath the two tape reels) provide uniform ten
sion to hold the tape in constant contact with 
the capstan drive, ensuring positive head-to-tape 
contact. The ATM-13 is the only unit of its type 
capable of recording blocks of digital data suit
ahle for conventional computer format. 

ory is replenished from the magnetic 
bulk storage. The two ATM-13's work together 
to supp ly test routines and sub-routines al
most instantaneously upon demand. As one 
ATM-13 is supplying the computer with a test 
prog ram, the other is readying itself for the 
next series of program transfers, thus reduc
ing access time. The 084 computer provides 
the test stations with the test routines and 
makes se lf checks on the system's operation 
and program material for errors. Test stations 
may work in conjunction with external test 
equipment. Fault determination and proce
dural decisions are made at the individual 
test stations. 

CENPAC'S FUTURE ROLE 
CENPAC's genera l purpose design provides 
flexibility for expansion. The expanded CEN
PAC System has the capabi lity of being com
pletely independent as both a processing and 
testing system. Applications such as inventory 
predictions and control, failure data storage 
and analysis, and high level testing on air
borne digital computers can be accomplished 
with additiona l programming. And app li ca
tions need not be restricted to F-111 fighter 
aircraft, for commercia l airlines wi ll find the 
CENPAC System just as attractive as the mili
tary did. Likewise, other transportation such 
as rai l roads and trucking companies wil l p 
that the aircraft industry isn't the only in 
try requiring fast, up-to-elate, computerized 
maintenance. • 



Student at Brentwood Schoof is one of 5000 Laking 
part in an experimental program of instruction 
by computer around the country. Students /incl 
the terminals easy to operate, requiring only that 
th ey type their name and number to identify 

'r pre-determined lesson plan according lo 
ious performance. Initial studies have shown 

improvement in learning by children, particular
ly in areas requiring reinforcement of concept
ual information. Students find the method more 
fun and more interesting than traditional meth
ods and use the computer an average of 5-10 
minutes daily. 

Computer-assisted instruction permits a teacher 
to spend more time with the individual student 
because much of the time-consuming drill re
quired by subjects can be performed by the ma
chine rather than the teacher. The machine is 
used to reinforce concepts iMroduced by the 
teacher. The second-grader above from East Palo 

's Brentwood School is helped with his efe
ary mathematics lesson by William Ryben

s y, project director of the Stanford-Ravenswood 
Computer-As>istecl Instruction Project. 

Computer-Assisted Instruction: 

Major research program at Stanford University is exploring 
sophisticated new forms of computer-assisted instruction which 
may someday revolutionize the educational process. 

EDUCATION TODAY: A Basic Process in a 
State of Flux. Perhaps the most difficul t prob
lem facing concerned educators today is how 
to best educate the student according to his 
individual abilities, particularly at a time when 
the student popu lation is dramatica lly grow
ing. Educators are increasingly hard put to keep 
pace with rapid change. On the one hand, 
student population is quickly outdistancing 
the supp ly of qua l ified teachers, classroom 
faci l ities, and the tax dollars needed to match 
that growth. On the other hand, the demand 
today by students and parents is for more " in
dividualized" instruction based on programs 
and techniques personally tailored to a stu
dent's unique learning abilities. Current mass 
instructional methods using standardized 
course materials, large classes, uniform cur
ricula, too few teachers, crowded classrooms 
and other factory methods designed to move 
students through the educational plant are 
not only increasing ly unpopular but are im
practical. For education, as the fundamenta l 
means of constantly regenerating a democra
tic society, will be of value to that society 
only as long as the process remains dedicated 
to the growth of the individual. Collective 
education, as an alternative, will produce a 
collective, and ultimately stagnant, society. 

Every educator would like to be able to 
offer individual instruction to every student. 
The classic tutorial system, where every stu
dent is matched to a suitable private tutor 
tuned to the student's particu lar style, inter
ests and abi l ities, has long been regarded as 
an educational ideal since Aristotle tutored 
Alexander the Great. Since th en, the wealthy 
and the aristocratic who could afford it have 
long preferred the tutorial method to public 
education, which is necessari ly geared to the 
common denominator of the majority. Oxford 
and Cambridge colleges, for example, are to
day regarded by many as academic ideals not 
only for the quality or variety of their pro
grams but becau se they have remained true 
to the teacher-student tutorial system. 

Grant's Arithmetical Calculator ( IBBO) 

The tutorial system, however, is more dream 
than reality in a mass society. Teachers cannot 
handle large class loads without sl ighting the 
individual. Programs must be designed to ac
commodate average students, and therefore 
teachers find it difficu lt to provide for slow or 
bright students, or for a creative approach 
within those programs. Teachers, attracted to 
less frustrating or higher paying industries, are 
in critical supply. Costs are .up and taxpayers 
are increas ingly reluctant to share those costs. 

Th e recent information exp losion generated 
by expanding scientific research has made it 
difficult for teachers to assimilate, evaluate 
and disseminate knowledge. The problems are 
deep and many. Education-and society-is 
in a state of crisis. 

COMPUTER-ASSISTED EDUCATION : Technol
ogy Frees Teaching Time to Boost Instru ction. 
While the computer is sometimes thought of 
as a mere gadget, diabo lica l ly designed to rob 
people of their individual ity, the reverse ten
dency appears to be taking shape in computer
assisted instruction. Farsighted educators are 
coming to think of the computer as a valuab le 
too l that may one clay be one means of help
to free the educational process from the tyr
anny of rigid mass techniques, and return it 
to individual tutorial efforts. 

A sophisticated, nationwi9e computer teach
ing sys tem currently in experimental use by 
the Institute for Mathematica l Studies in the 
Social Sciences at Stanford University is driv-
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ing towards a return to individual instruction 
by making the most of a computer's unique 
assets. The computer offers large information 
storage capacity, near-instant recall, and the 
ability to deliver this information quickly and 
clearly to large numbers of students at the 
same time, and at great distances. Time shar
ing techniques permit information to be 
shared at a number of remote rioints via tele
phone lines. Fast recall al lows virtually simul
taneous operation at many locations. Efficient 
core memories hold vast amounts of informa
tion-instantly available-that a faculty of 
teachers couldn't possibly assimilate. 

The computer becomes an impartia l, and 
highly efficient, "teacher" which is program
med, in a sense, like a human teacher has 
been programmed with information more 
tediously derived from the traditional educa
tional process. Both furiction as information 
sources. The computer, however, is tireless 
and always on call and ideally suited for rou
tine, time consuming teaching uses. The hu
man teacher, relieved of these duties, can 
thus spend more time on more pressing prob
lems with his students, particularly in devel
oping the much sought after teacher/ student 
relationship. He can become a manager of the 
learning situation, rather than function as an 
information storage and retrieval device. 

Computer-assisted instruction is not design
ed to replace the teacher or to impersonalize 
instruction, but to re-establish him in the role 
of learning guide instead of lecturer. His ma
terial may be geared more directly to the indi
vidual student's abilities rather than to a class 
average. Repetitious exercises required in dis
ciplines such as reading, mathematics and 
languages can be handled as efficiently by a 
computer. The teacher can then devote his 
time to individual tutoring. 

COMPUTER-STUDENT INTERACTION: Three 
Information Approaches According to Need. 
Computer-assisted instruction efforts attempt
ed so far by Stanford have been in three 
areas: drill-and-practice, tutorial, and dialog 
systems. Each is designed to handle particular 
teaching needs in an appropriate discipline 
according to the kind of information required 
by the curricu lum. 

Drill-and-Practice. The most-used form of 
computer-aided instruction, the drill-and
practice technique, is designed to comp le
ment the teacher's program plans. It is partic
ularly pertinent in learning areas such as ele
mentary mathematics, spe lling, reading and 
languages, where it is necessary to memorize 
large amounts of repetitive information. This 
system does not "teach" but merely reinforces 
what the teacher is stressing, functioning as a 
review tool. 

After a teacher introduces lesson material in 
the usual book, blackboard and lecture meth
od, the computer is used to provide a review 
of those basic concepts and ski ll s. The student 

Programming of the instructional system is accomplished at a single keyboard adjacent to the PDP-10 
computer. Systems analyst Martin Clinton, standing, and computer operator Bob Winn study a horse 
displayed on a Philco READ display tube. Visual material was used in an experimental art class for 
young students, which may be incorporated in the program later. 

is seated at a teletype and types in his name. 
The computer then prints out a se lected les
son plan which has been pre-determined by 
the teacher based on the student's past efforts 
(wh ich the machine has scored and memo
rized). The machine asks simple questions 
which the student responds to by typing the 
correct answer. The machine then indicates 
whether the answers are correct, scores the 
effort, and informs the student of his progress. 

The particular advantage of the drill-and
practice system-the most wide ly used so far 
-is that the teacher is eased from much of 
the routine of reinforced learning and can de
vote more time to other matters. The machine, 
and not the teacher, follows a particular prob
lem at the student's own pace until he has 
grasped it. "Teaching" matches the student's 
speed and ability. Brighter students can re
ce ive more advanced material. Significantly, 
instead of the student being placed on one 
track at the start of schoo l and held there the 
rest of the year, a student can be instantly 
reclassified if the machine indicates that he is 
doing better work than previously indicated. 

Stanford is current ly doing extensive work 
in this area through funds granted by Federal 
agencies. Through telephone line hookup, 
some 5,000 students are connected national
ly to a centra l Stanford computer for daily 
compute r-assisted instruction. More than 60 
schoo ls in California, Kentucky, Mississippi, 
Tennessee, Ohio, Washington, D.C., and Iowa 
are using the system, each school using from 
1 to 30 teletype readout machines. Students 

like the system and use the machine from 5 
to 20 minutes daily, according to the su · 
matter. Initial reports indicate that lean 
has improved in many areas. 

Although the drill-and-practice system does 
not use the real-time branching capabi lity of 
a more flexible computer tutorial system, in
dividualization is accomplished through later 
computer update where the performance of 
each student is examined and the appropriate 
material is selected based on previous per
formance records. 

Tutorial System: The tutorial system is more 
flexible than drill-and-practice since it is de
signed to introduce co ncepts which in some 
ways wil l approximate the action a private 
tutor would take with an indi vidua l studen t. 
A rich branching structure allows immediate, 
real-time instru ctiona l decisions to be made 
on what material is to be presented next, 
based on the student's last response or upon 
an eva luation of some subset of his total re
sponse history. 

As currently developed, structured subjects 
such as reading and mathematics are handled 
by tutorial systems. For example, the student 
may proceed from a machine-given hypothe
sis to a given proof through any one of sev
era l paths. The computer tutorial system will 
eva luate the validity of the inference the stu
dent makes from a logical path. The computer 
wi ll not show a prefence for any one path, 
but will check the soundness of each 
along the path and tell the student if he s 
made any mistakes in logic. Thus, the com-



puter acts as a private tutor w hi ch keeps pace 
"th the student's abi li ty in a rea l-t ime situa-

The teacher, aga in, is ab le to spend more 
,,,,e w i th any individual student having prob

lems with his subject material. 

Dialog System. Ideally, a computer should be 
ab le to understand spoken or written ques
tions and answer back as wel l as a teacher. 
This sys tem, however, is still in the develop
mental stage. Essentia lly, the techniqu e ca ll s 
fo r nothing less than havi ng the student ask 
a question, have the computer understand th e 
meaning of that question, and respond ac
cordi ngly with a reasonab le answer. 

While technical prob lems remain in this 
area, it is no teworthy that educa tors are stri v
ing toward an ideal dialog situation where the 
computer functi o ns as a nea r-human parti ci
pant, and are not content to rema in with a 
simple, one-sided instru ctional conversation. 

COMPUTER- TERMINAL NETWORK: Core 
Memory Provides Large Information Capacity. 
Th e large sca le, nationwide computer infor
mation sys tem managed by Stanford necessa r
ily requires a large memory capacity and a 
fast compute r for a high degree of modular 
f lexibility to se rvice a large information net
work efficien tl y. The hea rt of the system is a 

Nationwide study program for computer-assis ted 
instruction is managed by Stanford University's 
Insti tute fo r Mathematical Studies in the Socia l 
Sciences. Heart of the system is a Digital Equip
ment Corporation PDP-10 computer, using a 
large capacity, six unit RC core memory supplied 
by Ampex Corp. (left foreground). The memory 

' Vides fas t word access time and large sto rage 
.city, necessary to a large scale information 

rem. The memory may be expanded as needs 
grow. 

PLEASE TYPE YOUR NUMBER AND NAME. 
21 

TELETYPE PRINTOUT: 
Condensed version of an 
actual drill-and-practice 
elementary mathematics 
lesson, left, is typical of 
those being taken daily by 
several thousand students 
around the country. To begin 
his lesson , the student types 
his first name and number, 
and is then identified by the 
computer and matched to 

PLEASE TRY AGAIN. 
121 AMPEX READOUT 

DRILL NUMBER L201023 

ADD 
7 + 2 = 9 

6 + 4 = 11 
NO, TRY AGAIN 
6 + 4 = 12 
NO, ANSWER IS 10, TRY AGAIN 
6 + 4 = 10 

2 + 5 = 3 
NO, TRY AGAIN 

2 + 5 = 7 

4 + 5 = 
TIME IS UP, TRY AGAIN 
4 + 5 = 9 

3 + 7 = 10 

END OF DRILL NUMBER L201023 
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his pre-assigned lesson plan. 
Each answer is evaluated as 
the student takes his drill. 
He is informed of his errors 
and the problem is repeated. 
If the second response is 
also incorrect, the correct 
answer is typed to the 
swdent and the problem is 
again reprinted. If no error 
is made he is presented 
with another problem . 

16 PROBLEMS WITH 81 PERCENT CORRECT 
IN 158 SECONDS. 

When the student has 
finished, he is given the 
date, his score, elapsed time 
in seconds, and a personal 
goodbye. The computer 
signs off, updates his record 
and determines the student's 
next drill from among the 
series previously selected 
by his teacher. 

GOOD-BYE, AMPEX. 
PLEASE TEAR OFF ON THE DOTTED LINE. 

Digital Equipment Corporation PDP-10 centra l 
process computer w ith a memory capacity of 
196,608 36-b it words and a 1.0 microsecond 
memory cyc le tim e. The extensive memory 
is comprised of six Ampex Model RG co re 
memori es to provide fast word access time 
and w ide capac ity ran ge. The modular ex
pandab le memori es provide access to stored 
data in 350 nanoseconds and have a capacity 
o f more than 5 million bits. Memory units 
with ferri te co res we re se lec ted because of 
th eir large capaci ty and mod ular approach, 
permitting expan sion and upgrading of the 
system w hen needed to serve a growing na
tional student body. Th e sys tem also uses two 
IBM 2314 disc packs . 

The PDP-10 is connected to a PDP-8 at the 
Insti tute for Mathematical Studies in th e So
cial Science Labo rato ry at Sta nfo rd , and is 
also connected by a private high-speed data 
telephone line to ano th er PDP-8 in the nea rby 
Brentwood CA I Laborato ry of th e Ravenswood 
Hi gh School Di stri ct in East Palo A lto. Al
thou gh th e PDP-8's are computers, they are 
no t used as processors. They monitor th e flow 
of info rmation between th e PDP-10 and th e 
student station teletypes. The PDP-8 comput
ers are respon sible fo r character-code co n
vers ion, act ing as line connectors and buffers 
for all teletype informati o n received from and 
sen t to th e individua l student stations over 
ord inary te lephone lines. 

THE COMPUTER AS FACULTY: Electronic 
Teaching Assistants Approaching Tenure. 
Computer -assisted instru ction has already 
leaped quick ly from a pedagogica l dream to 
a wo rking model. Whil e still in th e experi
mental stage, Stanford 's program is ac ti vely 
teaching rea l subjec t matter to rea l students 
at schoo ls 2,500 mil es di stant. Some 200 ter
minal s arc al ready on line and new schoo ls 
and termin als are added almost daily. Prelim
inary reports indi ca te that th e technique is a 
rea l help in better-ed ucating children and a 
boon to overworked teachers. Results have 
been particu lar ly impressive with culturally 
disadvantaged studen ts in rural areas. 

While technology still needs ref inement as 
the system become more sophi sti ca ted, it is 
fe lt th at th e biggest problem st ill to be so lved 
l ies in deve loping proper teaching curri cula 
co mpatibl e with th e latest direction in ed u
ca tion al philosoph y. In other words, techno l
ogy is ahead of pedagogy-more needs to be 
lea rn ed about how students lea rn and what 
th ey should lea rn . 

Th e bigges t obstacle to wide-sca le comput
er-ass isted instruction is a question o f cos t. 
Th e techno logy is ava ilable. The ques ti o n is 
whether or no t socie ty w ill be w illing to in
vest in that technology to provide more in
dividualized instru ction , or w hethe r i t wi ll 
subject it s children to increasi ngl y impersona l 
co ll ective teaching methods. • 

7 



8 

Autofluoroscope 

and 

Digital Recording 

Perform 

C linical Studies 

THE MEDICAL CENTER at Loma Linda Uni
versity near San Bernardino, California is 

using nuclear medicine in its Radiology De
partment to study the size, shape, and func
tioning of human organs. The purpose is to 
determine whether any symptoms of cancer 
or abnorma lity are present. Radioisotopes are 
introduced into the body and detected by a 
device ca lled an Autofluoroscope. This device 
is a type of scintillation camera which views 
the entire radioisotope distribution at one 
time. By this method dynamic processes can 
be followed and organs visual ized in the 
body while reducing the time required by a 
factor of ten. The system consists of scint illa
tion detectors, a data transfer system and a 
data recording system. Serving as a fast access 
memory is an Ampex TM-7 digital tape mem
ory which reco rds frames of information in 
a standard computer format. Once recorded , 
the information can be repeated as many 
tim es as desired to recreate the procedure 
(without further patient dosage) for visua l ex
amination on the Autofluoroscope or for de
tailed computer analysis at the University's 
computer facility. 

NUCLEAR MEDICINE: Clinical Uses at Loma 
Linda University. Two years ago the Depart
ment of Radiology at Loma Linda University 
opened a new section for nuclear medicine 
which is now under the direction of Dr. Carl 
Jansen . This section sees an increasing num
ber of patients referred by physicians with in 
the medical center complex as well as the 
entire Los Angel es metropolitan area. Clinica l 
studies are carried on routinely with the brain, 
lungs, lymph glands, heart, spleen, kidney, and 
many bone and joint structures. 

Basically nuclea r medicine, which came in
to its own in the late 1950's, uses radioactive 
isotopes to diagnose and locate tumors, and 
study functions of body organs. All procedures 
in nuclear medicine depend on the knowledge 

Nuclear Medicine 
at Loma Linda University 

Yoke assembly positioned above the patient in preparation fo r a lung procedure. Autol/uoroscope 
provides both visual and quantitative capabili ties in either static or dynamic studies . Because entire 
radioisotope distribution is viewed at one time, th e tim e to do th e study is reduced as compared 
with rec tilinear scans. 

that some recognizable difference ex ists be
tween normal and abnormal ti ss ues in the 
way in which they accumulate specific radio
active substances. A substance is chosen for 
use with a particular organ because is is known 
that it interacts with that organ. 

Substances are taken up by the organs or 
bones by a biological or chemica l process 
and become loca li zed in that area. For exam
p le, radioactive iodine is synthesized by the 
thyroid into a hormone. The degree in which 
it is synthesized varies in normal and abnor
mal tissue. The lungs are usually studied by 
injecting macro-aggregated albumin. This sub
stance is tagged or identified by 1-131 (radio
active iodine) which causes a short tempor
ary blocking of some capi ll aries. This means 
that a picture can be taken of the radiation 

pattern caused by these temporarily blocked 
capi llari es in the lungs. 

Radioisotope detection in the body com
plements X-ray fluoroscopy. Both give a pic
ture, but an X-ray is a photograph or a tele
vision picture of areas not blocked by a fluid 
or liquid . Isotopes on the other hand actually 
give off li ght energy (protons) as part of their 
radiation. In lung studies, for example, an 
X-ray displays the aerated distribution of air, 
whereas nuclear medicine shows the blood 
supp ly and any blockage of the blood vesse ls 
and capillaries within the lung structure. 

A recent device (1963) makes use of severa l 
new techniques in nuclear medicine. This is 
the Autofluoroscope developed by Drs. / 

Bender and M. Blau of the Roswell Park 
morial Institute in Buffalo, New York. The 



• 

Autofluoroscope is manufactured by Baird 
Atomic Corporation of Cambridge, Massachu
se tts. It is adding a new d imension in radio/ 
pharmaceutical visualization and quantitation. 

TYPICAL PROCEDURE: Less Than One Hour 
With New Isotopes. A typica l procedure in 
nuclear medicine lasts less than an hour. Dur
ing this period, patient exposure to radiation 
averages about 15 minutes. Isotopes with 
shorter half l ives soon to be availab le wi l l re
reduce the time required for some of these 
procedures. For examp le, with one type of 
isotope, it now takes eight minutes to get the 
one thousand counts needed to give an ade-

'e samp l ing of the radiation. Newer iso
s wil l give a greater count in the same 

unit of time, requiring only about 30 seconds 

LUNG AUTOFLUOROCRAM POSTERIOR V IEW 
Notice the smooth peripheral border on the left 
lung as contrasted with the scalloped, irregular 
border on the right. These are areas of decreased 
blood flow typically seen in pulmonary emboli. 

THYROID AUTOFLUOROCRAM ANTER IOR 
VIEW 
Normal thyroid gland taken with the pin hole 
collimator. It is not unusual to have a little 
asymmetry between the two lobes. 

BRAIN AUTOFLUOROCRAM 
Normal posterior and left lateral views. 

for one thousand counts. These will be easier 
to use and have less effect on the patient. 

A typical procedure invo lves positioning 
the Autofluoroscope camera to take seve ral 
views from different ang les. Brain and lung 
studies usually have four views. Liver, lymph, 
kidney and the heart usually have three views. 
The area photographed on the pa t ient is six 
by nine inches or, by using a pin-ho le type 
camera (as shown in the accompanying pho
tographs), can be as large as 17 to 18 inches. 

AUTOFLUOROSCOPE : Detector, Data Trans
fer, and Data Recording. The Autofluoroscope 
developed by Drs. Bender and Blau uses a 
scintil lation camera specifica l ly designed for 
quantitative imaging. Scinti Ila ti on cameras 
have the principle advantage of viewing the 
entire radioisotope distribution within an or
gan or area of the body at one time without 
scanning. Because of this, examination time 
can be reduced by a factor of ten while still 
maintaining comparable accuracy and allow
ing dynamic processes to be followed while 
they are taking p lace. 

The Autofluoroscope detector is made up 
of a mosaic of 294 sodium-iodine crysta ls 
three-eighths of an inch in d iameter and two 
inches long. These are packed in the mosa ic 
in a six by nine inch array with a one-cen t i
meter separat ion between centers. Each of the 
crysta ls making up the mosaic can sense 1000 
diffe rent leve ls of photon radiatio n given off 
by a radioisotope in the body. Arrang ing this 
mosa ic into a 13 by 21 array enab les any one 
point within the array to be unique ly ident i
fied in loca t ion. 

Levels of rad iation are stored in two separ
ate 14 by 21 array core memories (two are 
used for quant i tat ive d iffe rentia l read ings). 
For reco rd ing on the Ampex TM-7 tape mem
ory, about five frames for each of the v iews 
taken of that particular procedu re are sam
pled. A typical procedure for a brain or lung 
would have four views with f ive frames re
corded on the TM-7 of each view. Dynamic 
studies of the kidney may need as many as a 
hundred or two hundred frames to study how 
adequately the kidney clears the radioactive 
substance. These longer studies wi l l benefit 
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Baird-Atomic Autofluoroscope at Loma Linda University, California. 
At left is the yoke positioning assembly with scintillation counter 
and detector system. At right the computer console contains count
ing and display system, four-channel chart recorder, and an Ampex 
TM-7 digital tape drive which serves as a fast access memory to re
create procedures immediately afterwards or for later computer 
analysis without further radiation dosage to patient. 

Control panel of the Autofluoroscope computer console. Section 
with Nixie tube readout at top is used to locate recorded frames for 
a particular patient from a three-digit code recorded on the Ampex 
TM-7 along with the data. 

Playback of a procedure recorded on the Ampex TM-7 digital tape 
drive. CRT at top displays the output from the 294 element matrix 
contained in the detector system as recorded on the tape drive. 

greatly from the shorter half life isotopes now 
coming into more common use. 

The output of the core memory is contin
uously presented to two identical cathode 
ray tube display devices on the Autofluoro
scope. The upper one is used for a Polaroid 
camera, the lower one for a visual display. 
During the procedure, the data is sampled 
on command and recorded on the Ampex 
TM-7 digital tape memory. This sampling takes 
about 33 milliseconds, which is not a signifi
cant loss of continuous visual data. Data is 
recorded on the tape in a standard computer 
format. Included in the Autofluoroscope is a 
four-channel strip chart recorder on which 
three selected channels can be disp layed. 
These are either replayed from the TM-7 digi
tal tape or can be displayed on-line during 
the procedure. 

THE ADVANTAGES OF DIGITAL MAGNETIC 
TAPE: Recreate the Study Without AdditionaJ 
Dosage. The advantage of having a digita l 
magnetic tape memory in the Autofluoroscope 
system is its ability to replay the study 
mediately afterward or at any later tim 
visual and quantitative reconstruction. f!. 1-
tional dosage to the patient is not required. 
It is quite common to repeat portions from 
each study immediately afterwards while the 
patient 1s still present so a physician can con
firm the success of the procedure. A single 
reel of tape on the TM-7 can store about 7000 
frames. Tapes are slored indefinitely Lu main
tain records for individual patient history as 
well as departmental research. 

According to Dr. Jansen, " Adding a fast 
access tape memory like the TM-7 to this type 
of system has given us a flexibility we have 
needed for some time. Not only can we re
play the procedures at any time and as many 
times as we would like, we are able to do a 
detailed analysis with cross correlations and 
related studies by computer programs being 
developed now. " 

FUTURE TRENDS: More Computer Analysis. 
Detailed computer study is the next logical 
step in the nuclear medicine field, which Dr. 
Jansen points out, is really in its infancy even 
though it has made immense strides in its 
short history. Some of the other possible 
future procedures will be gas studies in the 
lungs (using Xenon gas) to measure ratios be
tween blood supply (perfusion) and air sup
ply ventilation (diffusion ) in the lungs. A 
regional or localized studies of certain 
fie areas of the lung will be likely carrie 
in the very near future at Loma Linda. • 



Integrated Magnetic 
Logic Circuits 
by C. H. Heckler, Jr ., Ampex Corporation 

INTRODUCTIO N 

Interest in magnetic logic dates from the early 
days of the electronic digital computer, when 
a variety of logic devices and circuits were 
investi gated in many of the university, gov
ernment and industrial laboratories. Thi s in
teres t was sustained by the need for devices 
having greater reliability, lower power con
sumption, higher component-packing density 
and greater tolerance to severe environments 
than the vacuum tube circuits which were 
then in use. Because of the large numbers of 
devices needed to implement digital sys tems, 
cost reduction was an additional motivation 
for these investigations. 

The first of the investigations involving 
magnetic logic elements to be reported in th e 
literature was the work of the Harvard Com
putation Laborato ry.' Th e logic circuits re
ported by Wang and Woo of that laboratory 
were of the core-diode type. In the early 

~-diode circuits, the magnetic cores (tor
.s) were made from up to 40 wraps of thin 

tapes (0.0010 inch thick) of a 50% . iron-50% 
nickel magnetic alloy. This material exhibits 
a square hys teres is loop as shown in Fig. 1. 
The cores were wound with three windings, 
totaling up to 100 turns. The output and input 
windings of adjacent cores were coupled to
gether through diodes as shown in Fig. 2. The 
diodes provided the necessary isolation be
tween stages during information transfer. In 
magneti c logic circuits, information is stored 
without power consumption between clock 
pulses by the magnetic state of th e cores. In 

B 

H 

Br 

FIGURE 1: Square Hysteresis Loop 

Ampex Research Developments 

co re-diode circuits th e states are +B, for a 
logic ONE and - B, for a logic ZERO. This class 
of circuit has been refined and highly devel
oped to provide all necessary logic functions 
for the synthesis of genera l logic sys tems. 

With the development of the transistor the 
diodes in th e coupling loop have been re
placed by transistors to produce th e core
transistor class of ci rcuits as shown in Fig. 3. 
This type of circuit has been modified to take 
several forms and has also been highly de
veloped. 

The development of the square loop ferrite 
memory core made feasible th e random-ac
cess main-frame memory for digital comput
ers which stimulated the development of a 
number of sq uare-loop ferrite materia ls. Be
ca use these ferrite materials were able to be 
formed into a variety of shapes they have been 
used to produce magnetic logic elements of 
complex geometry known collectively as mul
tiaperture or multipath devices. Some of the 
devices included in this group are the Trans
fluxer,2 the MAD,J the BIAX4, and the Laddi c.5 
Along with the development of complex fer
rite structures a new class of logic circuits 
was developed,* the core-wire or all-magnetic 
circuits shown in Fig. 4. The great attraction 
of thi s class of circuits lies in their inherent 
high reliability. In addition, their requirement 
for windings having only a small number of 

*It should be noted that all·magnetic circuits are re· 
al izoble using simple toroids; however, the greater 
effort has been concentroted on circuits utilizing the 
multipath structures. 

Odd Clock Pulse 

turns permits simplified circuit fabrication. 
For thi s class of circuits th e only known fail
ure mechanisms are fracturing of the mag
netic element and opening of conductor con
nections. 

INTEGRATED MAGNETIC CIRCU ITS 

The integrated magnetic circuits being devel
oped by Ampex for the Langley Research 
Center of NASA are of the all-magnetic class 
of circuits and so are inherently highly re
liable. The multipath structures being devel
oped for these circuits differ from other mul
tipath structures in several important ways. 
Two different magnetic mater ials are com
bined in each integrated structu re, one ma
terial of low coercive force and one of high 
coe rci ve force. 6 The low-coercive-force ma
terial is used for se lected magnetic paths . The 
high-coerci ve- force material has been devel
oped to have partial-set-state magnetic char
acteris tics which are specially tailored to the 
requirements of all-magnetic logic circuits. 

These characte ristics are different from those 
of th e materials developed for memory ap
plications . 

Partial-Set-State Characteristics. The thresh
olds of the magnetic material determine the 
operation of all-magnetic logic circuits. The 
special materials developed for all-magnetic 
circuits7 and used in the bimaterial multipath 
structures have large partial-set-state thresh
olds. The thresho ld is that va lue of drive cur
rent which causes a magnetic element to start 

Even Clock Pulse 

FIGURE 2: Basic Core-Diode Circuit 
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Odd Clock Pulse Even Clock Pulse 

FIGURE 3: Basic Core-Transistor Circuit 

Odd Clear Even Clear 

Odd Clock Pulse Even Clock Pulse 

FIGURE 4: Basic All-Magnetic Circuit 

to change its magneti c state. Wh en an ele
ment is in the clear or reference stale (-8 ,) 
the threshold measured is the we ll-cleared 
threshold . Wh en an element is not in either 
the reference o r the fully swi tched (+B,) state, 
the thresho lds measured are the parti al-set
state thresho ld s. Th ese thresholds are shown 
in Fig. 5. Th e partial-set-state thresholds vary 
w ith both the amount of flux preset and th e 
direction of th e applied cu rrent. Wh en a 
stru cture is partiall y se t to some flux leve l, 
for example, to th e leve l indi ca ted by "A" in 
the figure, th e thresho ld measured by apply
ing current in th e direction to increase flux 
(THrsl is larger than the well -c lea red th resh
o ld . The threshold measured by app lyi ng cur
rent in the direction to decrease flux (TH,,c) is 
always signifi ca ntly less th an th e well-cleared 
threshold, a behavior which is not under
stood. When th e thresho lds for different va lues 
of partially set flux are plotted they form a 
graph ca ll ed a pro file as shown in Fi g. 6. Such 
graphs are useful in eva luating magneti c ma
terial s for logic elements. It is important for 
integrated logic circuit operation th at the 
average va lue of the set and clear-direction 
thresho lds is greater than th e we ll-cleared 
threshold. In typical memory materials, both 
of the partia l-set-s tate thresholds are lower 
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FIGURE 5: Partial Set State Characteristics 

than those in Fig . 6. Th e set-direction thresh
old of th e memory materi als drops below th e 
we ll-cleared threshold and the clea r-d irection 
thresho ld approaches a value o f half th e we ll 
cleared threshold. 

Bimateria l Multipath Stru ctures. The present 
integra ted stru ctures under development are 
fo r a ring counter, whi ch is a special ized 
form of a shift reg ister. Two types of stru c
tures are shown in Figures 7 and 8. Two stru c
tures of th e sa me type are interconnected to 
form an 8-stage ring counter. 

As shown in Figu res 7 and 8 the output 
aperture of each stage of an integrated stru c
tu re contains th e low-coercive-force material. 
The stru ctu re is con tinuous ac ross the inter
face between the two materials, the bond 
being fo rm ed during th e si nter ing process. 
The method by which the bimaterial stru c
tures are formed is best expla ined usi ng th e 
tes t structure shown in Fi gure 9. The prepara
tion of th e powder follows standard ce rami c 
processing up to the point of binder addition. 
A thermoplastic binder solution is added to 
and th en mixed with th e ferrite powde r to 
form a slurry. This materia l is then dried, 
broken up and passed through a screen to 
form a powder with particl es of the desired 
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FIGURE 6: Proflte of thresholds for different values ol 
partially set flux. 

size. The powder is placed in a heated die 
and pressed into small rectangles of uniform 
thickness. Square ho les are punched in these 
rectangl es. Th e squares punched from th e 
low-coercive-fo rce mater ial are inse rted into 
the square ho les in th e high-coe rcive-fo rce 
material. The rectangl es with inse rts in place 
are returned to the heated die and with the 
app l ica ti on of pressure bonded togeth er. Th e 
bi materi al punching b lank is th en inserted in
to a second die set and the test structure as 
outlined by th e dashed line in Figure 9 is 
punched out. The structures are sintered at 
a temperature of approximate ly 1300 degrees 
Celsius to form rigid con tinu ous structures 
having th e desired magneti c properti es in 
each magnetic path . Several criti ca l process
ing problems that had to be so lved in order 
to obtain useful bimater ial structures were: 
form ation of a good bond between th e two 
different material s, differential shrinkage, 
warping o f the stru ctures and excess ive dif
fusion of the atoms of one materi al into the 
other. 

Integrated Circuit Operation. The magnetic 
states used in th e integrated multipath s' 
ture to represent a logic ONE and ZERO 
fer from those used in th e core-d iode and 



FIGURES 7 and 8 : Integrated Structures 

co re-transis tor circui ts since th e magnetic 
state of th e several paths in a stage will 
necessaril y be different. Th e state of the mag
net ic path shown in Figure 10, however, is of 
centra l importance. In th e ZERO state thi s 
signal path remains in th e clear state, i. e., at 
- B,. For a ONE this path is se t to a demag
neti zed state, which corresponds to the flux 
in Leg A being half swi tched from the clear 
state. Wh en this signal path is in the Z ERO 
state th e output aperture is " blocked" and 
flux cannot be switched around the output 
aperture to induce a transfer current in th e 
coupling loop. When th e signal path is in the 
ONE state, the output aperture is " unblocked" 
and flux is switched around the output aper
ture upon application of a clock pulse, induc
ing a transfe r current in the coupling loop. 
Thi s coupling loop current th en se ts the sig
nal path of th e next sta ge to a ONE state. 

For ring counte r ope ration the last stage is 
coupled to the first stage. All stages except 
one are in th e Z ERO state, th e remai ning 
stage is in a ONE state. The single ONE flux 
pattern is prog ressive ly tra nsferred from stage 
to stage under contro l of the clock pulses. 

"! r log ic fun ctions are accomplished by 
.ing the tran sfer of a ONE pattern condi 

ti onal on the presence of additiona l signa l 
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FIGURE 9: Forming the Bi-material Test Structure 
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FIGURE 10: Signal Path of Integrated Structure 

tran sfer currents at the input to a stage. Addi
tional logic circu its are being developed so 
that an integrated stru ctu re may be designed 
to form a small arithmetic unit. Methods of 
formin g the required conducto r patterns as 
part of the processing o f th e stru cture are also 
under inves ti ga tion so that complete inte
grated circuits may be fabricated by a batch 
type process. 

CONCLUSIONS 

Integrated magneti c logic circuits have evolved 
from the magnetic log ic circuits conce ived 
and investigated in th e early days of th e elec
tronic digital computer. Because these ci rcuits 
are of the all-magnetic class th ey require no 
semi conductor elements and requ ire simp le 
wi ndings containing on ly a few turn s each. 
Through th e combi ning of different and es
pecia ll y tailored materials in th e var ious mag
netic paths improved circuit performance is 
provided. The further development o f inte
grated magne tic circuits is expected to pro
duce a new standard of high reliability logic 
circui ts. Such high reliabi lity circuits w ill find 
app li ca tion in sys tems w here fai lures ca nnot 
be to lerated either from financial or humani
tarian considera ti ons. With man 's accelerat-

ing reli ance on automated systems, it is to be 
expected that the cost of sys tem failure will 
increas ingl y be measured by th e extent of 
human jeopardy. 
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Fel t's "Compt ometer" (1886) 

Technical Information: STAYING AHEAD OF THE GAME ... CORE MEMORY TRENDS 

Th e trend in ferrite-core memo ries ove r the yea rs 
has bee n towa rd greater speeds at lowe r costs per 
bit . These memo ri es have fro m tim e to tim e bee n 
threate ned by other storage techniqu es that prom
ised to be cheape r and fa ster, but th ey have al
wa ys managed to ho ld their place. 

Cores are again bei ng challenged , and th e threa t 
thi s tim e is, in so me ways, more se ri ous than eve r 
befo re. It 's therefo re w ise to take a loo k at what's 
bee n done and w hat may be do ne in the future. 

Th e inc reases in core memori es' ope ratin g speed 
have been due primaril y to dec reases in th e size 
o f th e individua l co res. Th e ea rli es t memo ri es 
used co res mo re than 100 mils in ou tsid e diam ete r 
-"nea rl y th e size of Cheerios, " as one expe rt has 
put it. Th en ca me a se ri es of red uction s in stan
dard co re sizes to 80 mil s, to 50 and 30 mils, and 
fina l ly to th e 22 and 18 mil s w idely used today, as 
shown below. I t's perhaps worth not in g that each 
new standard core could almost pass through th e 
ho le in its predecesso r. 

0 cg©@ 
Thi s process has been accompanied by a co r

respo nd ing dec rease in swi tching time- fro m the 
seve ral mi croseco nds of the o ld 100-m il co res to 
as littl e as 140 nanoseco nds today. Th is, in turn , 
has been followed by a decrease in mem o ry cycle 
t ime-always greater than sw it ch ing t ime beca use 
of no ise problem s, cu rrent r ise tim es, and delays 
in peripheral ci rcuits. 

Adva nces in speed have been pa rall eled by cu ts 
in pri ces fac ilitated by the declining cos ts of se mi
co ndu ctors and o th er co mponen ts. And adva nces 
in co mponent design have permitted refin ements 
in th e design of circu its and whol e sys tem s, again 
reducin g costs. Deve lopment of automa tic w irin g 
equi pmen t fo r threadin g a maze o f wires through 
th ousands o f co res and utili za tion of low-cos t la
bor in such places as Hon g Kong and Taiwa n have 
also helped drop pri ces . 

Economy vs. speed. For mode rate sto ra ge capaci
t ies, th e mos t economi ca l sys tem co nfi gurati on is 
co in cident-cu rrent or three-di mensio nal o rganiza
tion . Thi s arrangement, now used in the grea t ma
jority o f co re memori es, is inexpensive because it 
requires the minimum number of dri ve rs and de
coders. O th er co nfiguration s ca n provi de more 
speed than 3- 0 , but they're always more expensive. 

Of th e two basic types of 3-0 memo ry in co m
m o n use, o ne has four wires th ro ugh each co re , 
and the o th er has three. In both des igns, th e co re's 
magneti c hys teres is loo p mu st be so nea rl y square 
that th e co re is full y swi tched by currents ca rried 
in th e sa me direc ti o n by two se lec ti on wi res pass
ing through it , but is undi stu rbed by either one of 
th e currents alone. With thi s coincident-current 
scheme, the core array itself perform s part o f the 
address decod in g, thu s minimizing circuit cos ts. 
In stead o f loca ting a specifi c core in a plane, ex
ternal decoders locate two lin es of co res that in 
tersec t at the add ress. A sin gle se t of dri ve r cir
cuit s steers current thro ugh all co res in the data 

by Roy H . Norman 
Ampex Corporation, Culver City, California 

Re printed , wit h permission, from the October 28 , 1968 issue of Electronics . Copyright 1968 by McGrow- Hill, Inc. 

wo rd, w hi ch are strung on a single se lec tion wire. 
A typica l design stores 4,096 words of 32 bits 

each. It uses 32 p lanes each o f 4,096 cores in a 
64-by -64 array threaded wi th 128 se lec ti on w ires 
- 64 in each directi on. Corresponding se lec ti on 
wi res in all th e planes are con nected to each other 
and are dri ven by a si ngle dri ve r circuit. 

In the fo ur-wire design , two o th er wi res are 
threaded thro ugh all cores in each plane, as in 
Fi g. 2, but are no t interconn ec ted between planes. 
The swi tching of any core in the p lane from a ·1 
to a 0 generates a pulse that o ne of these wires 
ca rr ies out to the sense amp lifier se rvi ng that 
plane. Th e other wi re ca rr ies a cu rrent equal but 
opposite to o ne of the two half-select cu rrent s. 
Th is cu rren t ca n thu s inhibit the act ion of these
lection wires o n a co re and keep it in th e 0 state. 

The sense and inhibit functions are combined 
in a sin gle wire in th e three-wire design becau se 
the two ope rati ons need neve r be perfo rm ed at 
th e same tim e. However, thi s set up requires more 
co mpl ex circuit s and is th ere fo re so mewhat mo re 
expensive than the four-wire sys tem. Th is cos t, 
though, is at least partia lly offse t by th e savings 
involved in threadin g o nly three wi res. 

With each red ucti on in co re size have co me pre
dictions that threadin g fou r wi res through eve ry 
co re in an array wi ll be impra ctical. With 18-mi l 
co res now co ming into use, thi s predi ction see ms 
more reali sti c than eve r. I f th e prophets are right 
for once, the fa ster, small er co res wil l make th e 
three-wire design the o nl y pract ica l 3-0 form. 

The simplest co re- memo ry organiza tion is th e 
two-dime nsio nal o r lin ea r se lec t form , in which 
th e co res are arranged in a sin gle pl ane ar ray wit h 
wo rd wires and b it w ires at ri ght ang les to one 
another, as in Fig. 3. In data storage, curre nts on 
any one wo rd wi re and on the bit wires co mb ine 
at th e intersec ti ons to swi tch co res th at are to 
sto re 1's or to preven t swi tchin g at co res that are 
to store O's. For reado ut, a singl e, larger cu rrent 
on a word lin e - rather than the co incidence o f 
two Lurrenb->wit d1 e> al l the co res o n the wi re. 
Thu s currents greate r than the no rmal fu ll switch
ing current ca n be used. Th e ove rdri ve makes fo r 
ve ry fas t switching, but at a hi gh cos t because all 
th e address decoding must be ex ternal. 

A compromi se betwee n th e eco nom y of 3- 0 
and the speed of 2-0 is found in an arrangement 
that has co me to be kn own as 21/2-0 (see Fig. 4). 
O riginated in 1951, it remai ned dormant until 
rather recent ly, w hen 3- 0 co re memories began 
to reach w hat may be thei r ultimate l imi tations. 

Thi s app roach has a leve l of add ress decoding 
in th e bit dimensio n. Like the 2- 0 memory, one 
wire threads the co res in a parti cular word, and 
a bit wire passes th ro ugh each of these cores at 
ri ght angles to th e word w ire. But in a typica l ar
rangement, the sa me word wire threads the cores 
for two words, and each b it wire loops arou nd in 
a U shape to thread co rrespon ding cores in both 
words. Co in cid ent cu rren ts in the word an d b it 
lines, as in a 3- 0 memo ry, switch one o r the 
ot her of th ese co res, the bit current's direction 

determin in g the co re that switches. In th e other 
co re , the two currents oppose o ne ano ther. When 
sto rin g a 0, th e b it cu rrent is simpl y not turned 
on. A se nse wi re threads all th e bits co mm o n to 
one doub led bit line. 

Si nce the bit current dri ve rs contro l w hether or 
not a pa rt icular co re sw itch es, the 3- 0 memory's 
inhibit drivers and w indings aren ' t needed. Th ei r 
absence red uces no ise and pulse ove rl ap, and 
these are the prime fac to rs co ntr ibuting to th e 
2112-D orga ni za t ion's speed. 

Bu lk co re memo ries co ntain perhaps 10 tim es as 
mu ch data as co mputer main memories and run 
typ icall y at o ne- third the speed. In these memo
ries , the cos t of the co re array predominates over 
the cost of th e elec tronics; th erefore, they arc usu
al ly built in th e 21/2 -0 con figu ration bu t w ith o nl y 
two wi res. The b it and sen se wires are co mmon. 

The d ri ve circuits in a 2'/, -0 memory requi re 
lowe r vo ltages than do those in a 3-0 memo ry, so 
that large-sca le integration wi ll be eas ier to ap
p ly to 2'/2 -0. O n th e othe r hand , if the cos• 
elect ro ni c ci rcui ts con tinu es to decrease as i 
in the pas t, th e cos t differen tial between th e 
arrangements shou ld dimini sh. 

Although no co mpetin g tech nology has yet 
disp laced ferr it e-co re memo ries as the primary 
storage element in high-speed memori es, thin 
magn eti c films pose a definit e threat wit h thei r 
speed, and monolithic integ rated ci rcuits are be
ing heralded as future chall engers. 

Th in film s are ve ry fa st beca use they swi tch by 
magn eti c domain rotation in stead o f by domai n 
wa ll mo tion as in so lid co res. A sin gle planar 
thin-film element has an o pen flu x path in mos t 
designs, which tend s to make th e film demagne
ti ze it se lf, alth o ugh thi s is not true in at leas t two 
proposed designs. Co upl ed film stru ctures have f lux 
path s that are closed except fo r two ve ry small air 
gaps at th e end s of the element. And plat ed w ires 
usuall y have co mpl etel y closed flu x path s. 

But most o f these design s depend on the film 's 
magn et ic ani so tropy-its higher re lu ctance in o ne 
direc tion in the plane of th e fi lm that at right 
angles to that d irec ti on. In th e " hard " axis, the 
film has no magnetic threshold - its hys teresis 
loop isn' t sq uare - so that coinci dent -cu rrent o r
ga ni za ti on isn ' t poss ibl e. Th e cos t sav ings of a 3-0 
o rga ni za ti o n in fer rite co res are th erefore not 
rea li zab le in thin fi lm s. But film s may be fa ster. 

Advoca tes of semiconductor technology claim 
that prices on bot h bipo lar and metal ox id e se mi
co nducto r circui ts will >uun reach a point com 
petitive with core pri ces. Maybe so, but mono
lithi c arrays are still se llin g fo r about a dollar a 
bit, co mpared with a ni ckel a bit fo r milli on-bit 
ferrit e-core arrays. For another thin g, co res are 
bei ng made today w ith yie lds of 60% o r 70%, and 
co re-s tacks can be rewo rked if necessa ry, w here
as mono l it hi c arrays are unreworkab le and stil l 
have yie lds of o nl y a few percent. 

A ll thi s suggests that IC's mu st underg 
o rd er-of- ma gni tude improve ment in this ared e
fore th ey ca n co mpete se ri o usly wit h co res. 



Holl erit h's Accounting M ach in e ( 1890) 
Ro m an Abacus 

TYPICAL 
X- WINDING 

BITS IN ONE WORD 

TYPICAL 
Y- WINDING 

SENSE OR 
INHIBIT 
WINDINGS 
(ONE PER 
PLANE) 

FI GURE 1. In depth. Jn the most common memory organi
zation. 3-0 , two sides of a stack are addressed to locate a 
vert ical column of cores containing the stored data. 

N- BIT DECODER 

N- BIT ADDRE SS 
FI GURE 3. Fast plane. The simplest memory organization 
addresses one side of an array and brings data out at right 
angles to the addressing. The scheme is fast but expensive. 

FIGURE 2. Sense and inhibit. Two addit ional wires in a 3-0 
stack sense a core's swi tching when reading a 1 and inhibit 
its switching when writing a O. 

BIT - WINDINGS 

EITHER OF TWO 
CORES SELECTED 
DEPENDING ON 
DIRECTION OF 
CURRENTS 

WORD-WINDINGS--- - _,., 

FI GURE 4. Compromise. The so-called 2Vi -D arrangement 
combines the speed of 2-0 with the economy of 3-D. 
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Ampex 
unmatchable& 

Unmatchable Performance 
and Versatility-Ampex of
fers off-the-shelf memories 
with the widest range of 
cents-per-bit-per-nanosecond 
choices. From character buffer 
through central memory to ex
tended core memory, there is 
an Ampex standard product to 
satisfy your needs. 

3DM-2000 Memory: 800 nsec access; 2 
µsec full cycle ; 32,768 cap. , expa ndable 
to 131,072 wds. to 76 bits; 5.25"H x 19"W 
x 2l"D . 

AMPEX 

Unmatchable Reliability 
-Ampex memory systems are 
subjected to a consistently 
high level of quality control 
from raw core materials 
through final systems check
out. Core compositions, stack 
design parameters, and sys
tems worst-case circuit design 
characteristics are all arrived 
at through computer-aided 
analysis. Ampex memories are 
manufactured in accordance 
with quality standards based 
on years of experience with 
thousands of memories. This 
complete capability has en
abled Ampex to utilize the 
more reliable 3D memory or
ganization in a 650-nanosec
ond memory. 

Unmatchable Packaging 
-Ampex memory packaging 

RG Memory: 350 nsec access ; 900 nsec 
full cycle ; 16K x 40 b it capacity ; 5.25"H 
x 19"W x 2l "D . 

represents the optimum com- Unmatchable Experience 
bination of bit density and -Since 1954 Ampex has de
maintainability. Five-million- livered thousands of mem
bit Ampex memories fit in as ories incorporating a complete 
little as 27 inches of standard · range of cycle-times and ca-
19-inch rack space with every pacities, to an ever-growing 
printed circuit card module list of clients. 
instantly available. 
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