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FORD MOTOR COMPANY has tied 
together aerospace technology with 
digital computers in a many pronged 
attack to improve automobile safety. 
Ford's latest safety facilities , a new 
Reliability Laboratory, and a Safety 
Research Center, push experimental 
technology forward significantly, 
bringing to a climax more than ten 
years of extensive safety testing at Ford. 
Besides these new space age facilities , 
Ford reliability and safety research 
continues in each of the company's 
basic manufacturing divisions . 
Speaking generally, automobile 
safety falls into two interrelated but 
distinct areas. The first is how to 
make cars and trucks more reliable 
and controllable to avoid accidents 
in the first place . The second is 
how to protect the driver and the 
passengers from what is called 
second collision. This is when the 
occupants are thrown forward 
and strike the interior fixtures of the 
car itself after the impact occurs. 

@ 1968 AMPEX CORPORATION 

to Improve 
Safety 



RELIABILITY LABORATORY: 

Fifteen Million Test Miles per Year 

Ford's new (1966) Reliability Laboratory con­

tains some of the latest and most sophisti­

cated equipment to recreate exactly the day­

in, day-out use of everything from the small­

est chassis parts to the giant tandem highway 

tractor/ trailer combinations. The new multi­

mil l ion dollar facility represents the third step 

in the hi story of reliabi l ity testing that grew 

up with the automotive industry. 

Automotive testing began when Henry 

Fo rd and other automotive pioneers furtively 

drove their first cars under the cover of night 

in the deserted streets of small Michigan and 

Indiana towns. This grew into testing on the 

proving ground, and most recently in relia­

b il ity laboratories. Just around the corner is 

testing by mathematical models in large com­

puters. 

Ford's Reliability Laboratory offers two 

basic advantages over proving ground testing. 

It significantly cuts down test time and gives 

better information about how long the indi-

Ampex AR-200 instrumentation recorder 
in rear of Ford Econoline test instru­
mentation van. The van connects to the 
test vehicle via an " umbilical cord." 

vidual parts and overall vehicle will last. 

Every pre-production model of a Ford vehicle 

must meet a grueli ng proving grou nd dura­

bility run, equivalent to 100,000 customer 

miles for many of the components. The job 

of th e proving ground itse lf has been gradual­

ly shifting. It is being used more and more to 

show how well simulated testing in the labo­

ratory mirrors actual usage by drivers. 

The step beyond the Reliability Laboratory 

is running tests by computers using mathe­

matical models. Ford is right at the thresh­

hold of testing by compu ter analysis now. In 

1965, it insta lled a giant Philco 212 scientif ic 

computer. In late 1966, an extensive time­

sharing system was added . This is one of the 

largest, if not the largest, non-government 

computer facility in the world, according to 

William A. McConnell, director of Systems 

Research for Ford's Engineering Staff. Ford 's 

time-sharing system was the first major ap­

plication of this concept in U.S. industry. It 

can make the giant capability of th e comput­

ing center avai I able to Ford engineers th rough­

out North America, Britain and Germany. 

1921 Leland Lincoln touring car. 

Data reduction equipment with 
14-channe/ Ampex CP-100 
instrumentation recorder for use 
with tandem axle road testing. 

RELIABILITY TESTING : Months are 

Compressed into Days or Weeks 

Ford's laboratory testing is done on individual 

chassis components (frame, brakes, suspen­

sion, and steering) as well as the complete 

vehicle (chassis, power train, body, and elec­

trical components) as it operates in a total 

system. 

The new generation of equipment differs 

from ear li er equipment in that it can be pro­

grammed to recreate real-life road environ­

ments. Any situation that can be measured 

and recorded, Ford's test and development 

engineers can duplicate in the laboratory with 

amazing accuracy. Th e important thing is to 

recreate the random quality of actual custo­

mer usage, as rep resented by up and down, 

back and forth, twi st ing and torqueing of the 

road surface. 

Th e first step is to instrument the car or 

truck and send it over a road representing the 

test conditions. Accelerometers, strain gauges, 

temperature transducers, and related measur­

ing devices are mounted on the wheels, tires, 

) 

Crash simulator in Ford's Automotive 
Safety Research Center uses a track 120 

feet lon g. Results of the impact on 
dummies from the main collision forces 

are recorded on the Ampex FR-1800 instru ­
mentation recorder in the background. 

---
~ mmm -
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Ford engineers examine a 1967 Ford after it has impacted a 200-ton concrete barrier at 30 mph. 

USED FOA RECOROIHG FORCES. 
STRESS .rGCEL.£RATl()H 
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Ford road recording system uses an Ampex AR-200 to record forces, stress, 
acceleration, velocities and displacement throughout the vehicle . 

brakes, suspension components, and body 
structure to determine the magnitude and 
direction of the stress and vibrational forces 
applied by the road . These signals are re­
corded on 14-channel Ampex AR-200 mobile 
instrumentation recorders, either at Dearborn , 
Michigan or Ford's Desert Test Center in King­
man, Arizona. The recorder is mounted in the 
car along with transducer, power supplies and 
signal conditioning equipment. 

Recording is done at H's ips which pro­
vides up to six hours of recording. Signals are 
recorded using the FM mode which means 
that even very slow moving vibrations (down 
to de) can be recorded while still maintain­
ing good amplitude stability. As many as fifty 
or sixty different variables with tens of thou­
sands of data points may be recorded in sev­
eral test runs on a single reel of tape. Twelve 
channels are used for data, one for voice or 
time code, and one for control voltages to 
turn on analytical devices euring playback at 
significant portions of the data. 

Prior to using magnetic tape recording, 
vehicle mounted paper tape recorders (oscil­
lographs) and galvanometers were used. Mag-

netic tape has speeded up data analysis and 
increased significantly the amount of data 
that can be captured in each test. 

Back in the laboratory these recordings 
are played back for several types of analysis. 
One method is to control hydraulic rams 
which recreate with great accuracy the actual 
road motions. From this test, Ford engineers 
study suspension dynamics, vehicle noise, 
and vibration characteristics. Because mag­
netic tape can be replayed as many times as 
needed without signal degradation, a particu­
lar road condition can be repeated over and 
over again. In this way, many design alterna­
tives can be evaluated in a much shorter time 
than on the track, and far more efficiently. 

Other types of analysis is commonly done 
using meters, oscilloscopes, and graphic re­
corders. By speeding up the playback recorder 
(an Ampex CP-100) to 15 ips, low frequency 
vibrations can be compressed into a mini­
mum linear space and still be within the band­
pass of a strip chart recorder. For more de­
tailed studies th e tapes are played back into 
an analog computer which pulls out only 
those portions of the road test which stress 

the chassis mounts. Frequently, the recorder 
is run at an even higher speed, up to 60 ips, 
to take full advantage of the high input rate 
of the computer. By speeding up the data on 
playback and using only the peaks, Ford can 
compress laboratory time to a fraction of 
road time. For example, it takes about twelve 
weeks to evaluate spring durability on a prov­
ing ground. In the laboratory, it can be cut 
to only one day. 

Similar vibration and stress studies are done 
in Ford's Tractor Division. Here an Ampex 
CP-100 instrumentation recorder is mounted 
on tractors to acquire actual field data on 
structural members and other components. 

Sound level and noise analysis studies are 
also carried out in the Reliability Laboratory. 
Tests are run both in the laboratory and on 
the proving grounds. Recording is done using 
four Ampex 600 series professional audio 
recorders. Analysis consists of spectrum and 
power density studies, and audible tests with 
loudspeakers. Ford's claim to be the quietest 
car on the road owes its validity to the 
perimental work done by the noise anal 
group. 



AUTOMOTIVE SAFETY 

RESEARCH CENTER 

The second new research facility at Ford is 

concerned with occupant protection, and 

with human performance factors that can 

help avoid accidents. 
Experimental crashes are a key part of an 

impact dynamics study. Currently, Ford crash 

tests seven to ten vehicles outdoors every 

week, in addition to dozens of indoor impact 

tests on components. Ford has been crash 

testing vehicles since the early 1950's. It has 

now carried this type of test to a high level 

of sophistication. 
Jn some of the experimental crashes the 

test vehicles are connected to an instrumen­

tation van by an umbilical cord through which 

the data is carried for recording on Ampex 

CP-100 magnetic tape recorders in the van. 

Borrowing from Ford's Philco Division ex­

perience with various aerospace programs, 

telemetry is being used in several tests. Telem­

etry (literally, remote metering or measuring) 

allows data to be transmitted by radio from 

vehicle out on the proving grounds to an 

pex FR-1800L instrumentation recorder in 

he lab. 
Crash vehicles are usually occupied by one 

or more 165-pound dummies that approxi­

mate the size of an adult male. Smaller dum­

mies representing female adults and children 

are also used. These dummies, costing several 

thousand dollars each can be opened for in­

stallation of sensitive measuring and telem­

etry instruments. 
Similar impact tests of vehicle components 

take place in the Dynamic Test Laboratory. 

Principal tools here are the pendulum, the 

inclined sled, and a new crash simulator. 

Adult and child dummies, mounted on the 

120-foot crash simulator, are thrown forward 

by a massive ram to see how new ideas and 

materials can make car and truck interiors 

safer. Accelerometers on the dummies, dash 

board, and steering column measure the g 

forces and loads at imp act. Up to 36 trans­

ducer signals are time division multiplexed, 

then sent by telemetry to three channels of 

the Ampex FR-1 SOOL recorder. A ti me code, 

recorded on another channel is a!so used to 

synchronize with high speed motion picture 

cameras that records visual data on the test. 

Recording speed is 60 ips. For data analy­

sis, 71/2 ips is used to match the lower band­

pass of graphic recorders. Additional analysis 

-ione using oscilloscopes, analog, and digi­

computers, depending on the type and 

quantity of data. 

~ 

Ampex 601-2 audio recorder in rear of Mustang test car 
during sound leve l testing. 

1924 Model L Lincoln limousine with body by Fleetwood. 

I 
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FRENCH 
TELEVISION: 

REMOTE COVERAGE: The Gallic Flare 
Th e French excel in remote coverage. Some 
10 percent of total production time users re­
mote pickup. Here is where the Gallic flair is 
most obvious. Coverage of sporting events, 
for example, is frequently turned into a near 
virtuoso exercise with cameras catching the 
action dynamically from every angle. French 
crews have installed cameras in helicopters, 
motorcycles, automobi les, vans - in fact, al­
most any kind of conveyance that can mount 
a camera to bring back important scenes from 
soccer, rugby, auto racing, or skiing. 

Similarly in remote coverage of news, im­
mediacy with multi-camera pickup and on­
th e-spot videotape recording is the key to 
French coverage. At the 1967 Paris Air Show, 
the French staged an impromptu demonstra-

The first color program in France, the 
Marcel Amont Show, broadcast October 1, 1967 
on ORTF Channel 2. 

A LTHOUGH outwardly similar to television in other countries, French te levision 
i'\ mixes just a pinch of Gallic seasoning into its television programs and production. 
Even one of the test patterns could only be French: in its center a shape ly woman 
blowing a trumpet stands proudly astride a lunging white stallion. Television in France 
is operated by the Government. No commercial advertising is carried. Dramat~c and 
news programming is designed to appeal to a mature audience, but popular material , 
sports, and ch ildren 's programming have an important place, too. 

tion of their remote propensities. Television 
newsmen took an Ampex VR-3000 back-pack 
videotape recorder aloft in a borrowed Soviet 
helicopter (on display at the show) to prepare 
an insert for that evening's news program. 

ORTF: Two Channels, VHF and UHF. French 
television goes under the formal name of 
ORTF (Office of Radio and Television, France). 
It is very much the official voice of France. 
The ORTF functions as part of the French 
Secretary of State for Information. It has a com­
mittee overseeing television programming, on 
which sit representatives from the ministries 
of cultural affairs, foreign affairs, economic 
affairs, justice, interio r, public hea lth , plus 
journalists and public representatives. 

Total budget for the ORTF is $200 million. 
Television gets 42 percent or $82 million. In­
come is derived from a licensing fee of $17 
paid by set owners. There are about eight 
million television sets in France, plus an es­
timated quarter of a million additional un­
licensed sets. Group viewing is still very com­
mon in rural areas. (Radios total nine million . 
The radio only fee is $5.) 

ORTF broadcasts on two channels, in the 
evenings on weekdays and beginning about 
noon on weekends. Channel 1 uses an 819-
line standard in the VHF band. Channel 2 uses 
the new European standard of 625 lines in ti­
UHF band. Total broadcast hours on Cha 
1 average about 77 hours a week, not inclu -
ing schoo l broadcasts in the morning. Chan-

• 



nel 2 averages about 35 hours a week. Chan­

nel 2 tends to put on more popular program­

ming, with many feature movies. 

Channe l 1 will continue to operate on 819 

lines for another ten years or so. Typical of 

the Ga lli c spirit, the French originally picked 

819 lines because it produces a much sharper 

and cleaner picture than other standards. 

Al l programming and transmission origin­

ates in Paris (except for a 15-minute local news 

program on regional stations). From there it 

is carried via microwave to 100 primary trans­

mitters and more than 1,000 secondary trans­

mitters throughout the country. Each of these 

stations beams into adjoining areas on several 

frequencies so that nearly every vi llage in 

France is covered by television. 

About one-third of the programs on Chan­

nel 1 are live and two-thirds are recorded. 

Recorded material divides about equally be­

tween film and tape. On Channe l 2, more 

material is recorded. About one-third of the 

recorded material is on video tape, the re­

mainder on film, much of it feature movies. 

ORTF's unique circular Radio and Television Center, located on Avenue du 

President Kennedy near the River Seine in Paris. 

Director of outside reportage, M. Censous, in one of the ORTF camera vans. 

PROGRAMS: Diversity with Cultural Empha­
sis. ORTF attempts to have a wide diversity 

of programming with an emphas is on cultural 

programming for mature audiences. It in­

cludes classical and avant garde drama, popu­

lar variety programs, news and news maga­

zines, excellent science programs, and chil­

dren's programs. In addition, educational 

broadcasting cove ring all school leve ls is put 

out during the morning. An ambitious ORTF 

adu lt educational project broadcasts five to 

six hour courses once a week. The 1967-68 

course, aimed at assemb ly workers and elec­

tronic technicians, cove rs transistors and co ior 

television. Preprinted program and course 

material are carried in the French magazine, 

Television. 
Because of the language difference, Ameri­

can programs are not as common in France as 

in Britain, although Bonanza and The Un­
touchables-Le lncorruptibles-(with dubbed 

dialog) have been current ly running as regu­

lar series. In genera l, French television does 

not have as many repetitive se ri es as the Uni-

Recorder station at ORTF facility in 
Paris with Editec equipped Ampex 
VR-2000 high band videotape recorder, 
one of eight VR-2000's now in opera­
tion. Four additional VR-2000's will 
be installed soon. 
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One of the two new vans especially built by 
ORTF for use at the Winter Olympics in Gren­
oble in February 1968. Recorders are Ampex high 
band VR-2000. ORTF also used at Grenoble an 
Ampex HS-100 slow/stop motion disc recorder, 
two VR·650's (VR-660) in small vans, and four 
VR-2000's in a studio. The United States network 
ABC, had a similar complement of the portable 
equipment for its coverage. 

At the Paris Air Show (June 1967), an Ampex 
VR-3000 back-pack recorder worked in con;unc­
tion with an ORTF television camera in a heli­
copter to produce an insert for an evening news 
program. 

ted States and Great Britain. The emphasis is 
more on dramatic programming complete in 
one or possibly two evenings. American 
movies are standard fare on Channel 2. 

NEWS BROADCASTS: In Depth with Many 
Remo tes. News broadcasting in depth char­
acterizes French television. It's quite common 
to have not just one or two, but four or more 
newsmen on a 30 or 45-minute program. The 
news is usually broadcast live with several 
taped inserts from remote vehicles. The ORTF 
news service uses five small Citroen vans, 
two equipped with Ampex VR-650 recorders 
and cameras, which record news events in 
the Paris area for immediate playback and 
three vans equipped with UHF cameras. Five 
additional VR-650's have been ordered to 
expand this service in Paris and throughout 
France. 

Political debate, second nature to the aver­
age Frenchman, has not been a feature of 
French television until recently. An edict has 
now been passed by the French Parliament 
that Government and opposition political 
parties will share television time equally be­
fore elections. Also, a new program called 
Face to Face (much like our Meet the Press) 
has stimulated a great deal of fresh viewer 
interest. 

THE SMALL WHITE SQUARE: Signals Adult 
Programs. A good example of the French flair 
in te levision both in instant news and remote 
coverage, was a kind of " Candid Camera" 
program several years ago which documented 
the activities of the ladies of the street. This 
program caused quite a stir. In fact, it resulted 
in a successful lawsuit against the Govern­
ment for invasion of privacy. Shortly after­
wards, the famous small white square started 
appearing in the lower right hand corner of 
the screen to indicate controversia l or adults 
only programs. A second use of inserts is a 
small "2" on Channel 1 when a program is 
about to start on the second channel. 

Above: Inte rior of videotape mobil van equipped 
with an Ampex VR-1000 recorder. 



Below: Contro l conso le at ORTF News and Dis­
tribution Center in Paris . 

Scene from the f irst episode o f a new 18th century 
se ries, Lagardere, based on a popular histo rica l novel. 

ADVERTISING : Only National Associations. 
On both channels, national advertising from 
t rade associations is carried, of the type -
drink more milk, eat more bread. Recently 
the press reported two different groups in­
terested in setting up a third channe l which 
wou ld derive its income from the sale of ad­
vertising time. It remains to be seen whether 
either of these schemes wi ll actually deve lop, 
although there has been talk for several years 
about accepting commercia l advertising on 
the second channel to increase ORTF revenue. 

COLOR BROADCASTING : SECAM System. 
Color broadcasting began on ORTF in No­
vember 1967 on Channel 2. It uses the SECAM 
color system (also adopted by the Soviet 
Union and severa·I East European countries) 
which stands for " Sequential and Memory." 
Earlier, ORTF had been sending out experi­
mental SECAM broadcasts for some time. Ini­
tially about 20 hours a week are in co lor, or 
about 60 percent of total program time on 
Channel 2. 

About 25 to 30 percent of this color is 
produced and broadcast on tape using the 
eight high band Ampex VR-2000's located in 
Paris. ORTF color production facilities in­
clude four color studios, two outside broad­
cast vans and 12 Telecine chains (16/35 mm), 
which provide 25 to 30 percent of the co lor 
programs. The SECAM co lor system has per­
mitted ORTF to microwave color programs 
over a distance of 6,000 Kilometers (about 
3,700 miles). Color transcoding from SECAM 
to PAL, and vice-versa, is commonly done, 
especially for the use within the Eurovision 
network. 

INTERNATIONAL PROGRAMMING: Produced 
For French Speaking Areas. France has always 
been active in promoting French cultu re via 
telev ision . About ten hours a week of foreign 
programming in French comes out of ORTF 
studios for use in Luxembourg, Belgium, and 
other French speaking areas such as former 
colonies, French Canada and parts of the Mid­
d le East. ORTF will also supp ly technical and 
production advisors on request to help set up 
a television system. 

At Expo 67 in Montreal , French television 
programming was an important part of the 
exhibit in the French pavilion. The ORTF 
brought over a color television studio includ­
ing a high band Ampex VR-2000 recorder to 
tape remote coverage at the Fair and for color 
program demonstrations. 

VIDEO STUDIO FACILITIES : Fifteen of Various 
Sizes in Paris. According to Michel Oudin, 
Video Production Director for ORTF, " We 
have some 15 studious of varying sizes for 
tel eproduction within the Paris area." The 
largest is 900 square meters. Twelve of these 
are monochrome, three are color. A co lor 
studio is also located in the ORTF research 

department whi ch has been experi men ting 
with color transmission and eva luati ng co lor 
recorders for several years. 

Each studio is equipped with four o r more 
cameras, and a full range of contro l, monitor­
ing, and recording equipment. EightVR-2000's 
are insta ll ed for stud io use in the Cognacg­
Jay Cente r; four add iti onal ones are being 
added now. Other equ ipment in the Buttes 
de Chaumont Center includes 15 VR-1000C's. 
ORTF uses the VR-2000's especia lly fo r its 
high band monochrome and color recording. 

A typical one-hour program wi ll have 30 
or 40 mechanical spl ices. Two of the eight 
VR-2000's are equipped with Editec which is 
being increasingly used for sp l ice-free elec­
tronic splicing. 

REMOTE RECORDING FACILITIES: Small and 
Large Vans. About 10 percent of all produc­
tion is done outside by 11 vans or other ve­
hicles. About half of this is news and sports, 
the other half for insert into dramatic pro­
grams. ORTF now has five videotape vans, 
three equipped with low band videotape re­
corders (such as the VR-1000) and two wi th 
the helica l scan Ampex VR-650 recorders. Five 
more VR-650's are on order now to step up 
the coverage of news, accidents, parades, and 
other fast breaking events. In addition , sev­
eral small vans with monochrome and color 
cameras and microwave equipmen t t ransm it 
back to the studios for recording or live 
broadcast. 

For the Winter Olympics at Grenob le in 
1968, two fully equipped color vans with 
high band VR-2000 recorders have been con­
structed . 

FILM FACILITIES: Ten Studios plus Complete 
Processing Equipment. ORTF film facilities 
consist of ten production studios w ith 30 
operator crews for film production and 80 
crews for news reporting. Film faci liti es in­
clude all conventiona l production equipment, 
plus complete development and sp li cing labs, 
a post synch roni zation studio and a preview 
studio. 

300 350 400 600 650 700 300 350 400 600 650 700 

1111 1111 11111 1111111 ~111111 11111111 1111 1111 11111 1111111 11111111 ~mm 
450 500 550 750 600 650 450 500 550 7SO 600 650 

llllll llllll lllllll B 11 llllll llllll lllllll ~I I • 
R.T.F. 

300 350 400 

1111 1111 11111 
45D SOD S50 7SO 6DD 65D 4SO SOD SSD 

9 



10 

Ampex Research Developments 

DATA RECORDING 
WITH THE LASER 
By Samuel Bou sky, Ampex Corporation 

INTRODUCTION 
Present day technology is forcing an increas­

ing need for data storage at greater band­

width and for data retrieva l in shorter access 

tim e. Th e answer to both appears to be a re­

quirement to reduce the spatial storage area 

per bit on th e reco rding med ium ; or in other 

words, to increase th e data packing density 

in terms of bits per square inch. A typi ca l high 

qual ity magnet ic data reco rder capab le of 6 

megahertz (MHz) bandwidth and better than 

40-dB signal-to-noi se ratio (SNR) utilizes an 

0.0100-i nch track width, 0.0025-i nch space 

between tracks (guard band), and an 0.00016-

inch (4-m icron) bit length. Such a sys tem is 

capab le of spatially storing about 0.5 mega­

bits/ inch2 of tape surface. New equipment of 

about the sa me bandw idth and SNR, now be­

ing read ied for product statu s, has increased 

the packing density to 1.3 megabits/ inch2. 

Recent work at Ampex in electron beam 

record ing on high resolution photograph ic 

fi lm has shown that SNR of 40 dB can be 

attai ned with round spots of about .0002-inch 

(5-m icron) diameter. Allowin g a guard band 

width equa l to a spot d iameter, th e spatial 

packi ng density would th en be 12.5 megabits 

per inch2 o r about an order of magnitude 

grea ter than attainab le in magnetic reco rdin g. 

Data reco rding with light on photographic 

film is almost as o ld as photography itself. 

The ability to reco rd at large bandwidth with 

sma ll spots has been li mited by ava ilable li ght 

sources and source brightness. Th e advent of 

th e CW laser suddenly changed thi s situation 

and made ava ilab le not on ly sources of signi ­

ficant brightness but also ou tput li ght beams 

of good monochromicity and co llimation. 

Lase r sources permit th e attainment of optical 

systems operating at the diffraction lim it. Thus 

very small spots of light of th e extremely high 

bri gh tn ess necessa ry fo r large bandwidth and 

high packi ng densi ty, are now attainab le. 

Whil e th e lase r has opened new vistas in 

data reco rding it has brought w ith it problems 

of i ts own. The techn ica l areas req uire ca re­

ful eva luation befo re such instrumentation 

ca n enter into reli able product statu s. Th e 

more important problem areas include: spot 

formation, scanning, modu lat ion , reco rdin g, 

and readout. 

THE RECORDING SPOT 
The th eoretical basi s fo r the formati on of dif­

fract ion limited spots was worked out about 

100 yea rs ago. Th e impetus fo r thi s analysis 

was provided by th e problems in as tronomy 

wherei n co lli mated light (sta rlight) of uniform 

intensity distribution fill ed a finite aperture 

to form a spot (s tar image). Such a spot is an 

" Airy d isc," th at is, a bright central maximum 

surrounded by a se ries of dimini shing con­

centri c rings as shown in Figure 1. Th e x and 

y coordinates are spatial , the z coo rdinate is 

li ght intensity. Th e size of the spot is deter­

mined by the f nu mber of the op tical system, 

that is, foca l length divided by aperture. The 

size is defined as th e diameter of th e first 

dark ring. 
The li ght from a laser source does not have 

uniform intensity di stribution across th e beam 

bu t is idea lly gauss ian. Th e spot w hich is 

fo rm ed also has gauss ian di stribution and 

th erefore has no dark ri ngs for specifying 

spot lim its. A mo re practica l definition in 

laser wo rk is to define th e spot size at th e 

points w here th e in tensity fall s to 10% of 

max imum. Thu s even though th e di stribution 

is not of ideal gau ss ian shape, the size defi­

nition is pract ica l. 
Th e envelope of the ray bundle forming a 

diffraction limited spot may be rep resented 

by a hyperbo la of revo lution as shown in 

Figure 2. Th e effective spot diamete r de (a t 

the waist) is given by: 

k AF 
d = Ud =--

e A 

where f is th e working f number at the lens 

(o r focal length , F, divided by beam aper ture, 

A), 1' is th e wave length of li ght, and k is a 

constant depending on intensi ty di stribution 

and method of def ining spot size. If size is 

specifi ed at the 10% points, th en k = 1.33 

for an Airy di sc and 1.27 for a gaussian input 

beam the size of w hich in turn is speci fied at 

th e e-2 points. 
In a scann ing system, however, the spo t is 

in motion. Th e recordi ng medium observes 

an in tegrated effect of spot d istribut ion in th e 

direction o f scan. The cumulated exposure 

in th e cente r increases thu s reducing th e ef­

fective spot size (i.e., the 10% poi nts shifted 

closer togeth er). On th e other hand, the spot 

size may be increased i f the lens aperture is 

not suffi ciently larger than the input beam 

size to avo id excess ive cutti ng of th e distri­

bution skirts. Consi deration must also be 

given to dep th of focus when working with 

small spots. Th e foca l dep th is proportional 

to the square of the spot size. A spot as sma ll 

as 40 µinches may increase by about 10% in 

a di stan ce of 20 µin ches whereas a spot of 

200 µinches has a foca l depth of 5000 µinches 

for a comparable change. 

The li ght power in the spot required to ef­

fect a reco rd ing exposure depends upon spot 

size, reco rding bandwidth, and sensitivity of 

th e medium. Spectrographi c type film s at 50 

megahertz bandwidth req uire about 0.1 to 2 

milliwatts in a 200 µinch (5-mi cron) spot to 
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develop a dens ity of 1.0. Present direct print­

out photochrom ic materia ls on th e sa me ba­

sis would require 2 to 5 watts of li ght power. 

SCANNING 
The most effective present meth od for w ide­

band record ing is that of successive scans 

across the width of th e recording film w hile 

it moves lengthwise. Each scan line may in ­

clude severa l thousand spots o r bits ; a 5-mi­

cron (200-µi nch) spot wou ld produce over 

10,000 spots per scan line on 70-mm film, 

and ove r 22,000 on 5-inch fi lm . 

Severa l electri ca l methods for producing 

scan line deflections of li ght beams have re­

cently been demonstrated on a laboratory 

basis. These include electro-optica l methods 

emp loying changes of refractive index o r 

birefringent switchi ng, acoust ic interact ion 

w ith li ght, and interferrometric techniques. 

A ll such methods are present ly limited to a 

few hundred spot diameters deflection ; none 

seems yet feasib le fo r thousands of spot de­

fl ection s. 
Mechanical scann ing methods presently 

show th e greatest promise. Such scann ing is 

effected by mechani ca l rotation and ma 

classif ied into th ree fundamental ca te 

based upon the locat ion w ithin th e 

fo rmi ng ray bundle that scanning deflection 

is introduced . Th e method fo und to be the 



most capable of long scan lines at large band­
width with th e least optica l and mechani ca l 
scan line di stortion is entrant scanning, in 
which the ray bundle enters a fixed lens in 
such a way that th e bundle always passes 
throu gh th e lens pupil w hile the entrant 
bundle scans throu gh an arc. A typ ica l sys tem 
capable of SO-MHz bandwidth on 70-m m film 
may employ an octagona l mirror rotating at 
67,000 rpm and supported on air lubricated 
bearings to insure positional accuracy. 

MODULATION 
A success ful meth od of modulating lase r 
beams utili zes the l inea r electro-opti ca l effect 
of suitable crysta lline mater ials. Suitab le con­
figurat ions of such crys tal s w ill produce a 
rotation of li ght po lar ization w ith applied 
vo ltage as a beam traverses the crystal. The 
polarization rotation may be made linearly 
proportional to appli ed voltage. To convert 
to an intensity change requires passage of the 
output beam through a polarizer. Thi s latter 
convers ion, however, is not li near but fo ll ows 
a si ne-squared function. By biasing the mod­
ulator crysta ls at th e midpoint of the sine­
squared curve, a reg ion of adequate lineari ty 
for data reco rding may be obtained. Figure 

<hows the harmoni c distortion introduced 
'1e modulator as a function of peak signal 

amplitude normalized to the half-wave vo lt­
age. Modulation of 60% , w hich co rresponds 
to a factor o f four from minimum to maxi ­
mum li ght, introduces 4% di stortion. 

In a Lithium N iobate modulator deve loped 
at Ampex, co rrection circuits in the driving 
amp li fier maintai n total harmonic di stortion 
to w ithin 1 'h % for the 4 :1 intensi ty range. 
Thi s modulator takes 130 vo lts to cove r th e 
4:1 range, is fl at w ithin ±1/i dB from de to 
6 M Hz, and requires driving power of 0.4 
watts per megahertz o f bandwidth. Th e mod­
ula to r has been driven at bandw idths of over 
100 M Hz. Th e state o f th e art o f electro-opti c 
modu lato rs is such that they are no longer a 
limitation in reco rder des ign . 

RECORDING 
In th e data reco rding process we consider 
the sto rage of electr ica l signal information for 
later retr ieva l and linea r conve rsion to sub­
stantially identi cal electri ca l signal informa­
ti on. Th e recording medium (photographi c 
film) is, however, not linea r. A typi cal tran s­
fer characteri sti c for photographic film is the 
D - Log E curve (i.e., density, ve rsus log ex­
posure) as shown in Figure 4. Th e strai ght line 
porti on of thi s curve may be represented by: 

D = Y log E 

' y is the slope o f the straight line po r­
tion. Now i f we cons ider the exposure E to 
be proportional to the input signal e;, and 
th e tran smittance T of the reco rding to be 
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proportional to th e readout signal e0 and 
since: 

th en: 

1 
D = log ­

T 

1 y 
- = E 
T 

and we may w rite: 

e; E y y 
- = k - = k E•E = k E + i 

en T 

From which it is apparent that to make e
0 

linea rl y related to e;, y must be - 1. The 
negative va lue of Y dictates that th e reco rd­
ing be a posi tive rather than a nega tive pro­
cess. Th e curve of Fi gure 4 represents a nega­
tive process which wou ld require making a 
print to attain a positive. Th e record / readout 
process has higher quality if th e reco rding is 
made on a direct positi ve f i lm. 

Th e size o f the spot limits the spatia l band­
wid th of th e recording medium. Th e spatial 
bandwidth is measured in line pairs per milli ­
meter (o r cycles/mm). Figure S shows the 
modulation transfer factor for square wave 
response o f the product of spatial frequency 
and spot size. Thu s at a modu lati on tran sfe r 
of 70% (3-dB attenuation) the d0 f 5 product is 
470. Thi s shows that a 10-micron spot wou ld 
be down 3 dB at a spati al frequency of 47 
line pairs/ mm. Th e reciproca l of th e d

0 
fs 

product (times 1000) gives the number of 
spot diameters per cycl e for a given attenua­
tion . Thu s at 3-dB attenuation there are 2.1 
(i.e., 1000/470) spots per cycle. Th ese basi c 
relationships are important in reco rding sys­
tem design. 

It is also important that a high degree of 
uniformity in spot size, shape, and intensity 
be maintained during recording. Th ese fac­
tors are affected by variations in the amount 
of li ght reilec ted during the scan, by varia­
tions in the angle at w hi ch th e spot arrives at 
th e fi lm, by th e thickness of the emulsion 
laye r, and by the precision of film posit ioning 
at th e focal surface. 
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FIGURE 5. Square Wave Aperture Response 

READOUT 
Recorded data, to be of valu e, must be capa­
ble of retri eva l. Considerab le work on data 
readout by line tracking has been done by 
electron beam and many of the techniques 
deve loped are appli cab le to lase r beam read­
out. Bes ides the abi lity to lock-on and track 
the reco rd ed line du ring readout, errors ca used 
by changes in th e film due to process ing, 
errors caused by va riations in film transport, 
and errors caused by optica l inaccuracies 
must be handled by the line tracking sys tem. 
Thi s requires means fo r small rapid spot de­
fl ect ions both in th e longitudinal and tran s­
verse direction s. 

Certain electro-optical materia ls such as 
Lithium Niobate, Barium Sodium Niobate, etc. 
enab le beam deflections through 3 to S spot 
diameters to be made at megahertz rates. In 
the film travel direct ion, however, defl ections 
of perhaps 30 to SO spot diameters at much 
lower bandwidth are required to maintain 
synchroni zat ion between th e tran sport se rvo 
and scan line position. Thi s can be obtai ned 
by electromechanica l means. A comb ination 
of th e two is indicated. 

In order to maintain data cont inuity during 
readout, a smal l amount of data overlap can 
be provided at th e line start and end, but 
then a swi tching funct ion is required simi lar 
to that employed in magnetic recording. In 
lase r readout however, two switching opera­
ti ons pe r line are required . One photode­
tector observes th e start and a li tt le more 
than the first half of each line, w hile another 
observes a littl e more than th e remaining half 
and the end of th e li ne. Switching between 
them th en takes p lace in one direction at th e 
line center and the other direction at th e 
line end. Techniques for time base co rrect ion 
through th e use of pi lo ts and delay lines can 
be employed which are similar to those used 
in magnetic reco rdin g. 

CONCLUSION 
Th e added avai lability of li ght coherency 
from a laser permits the use of a new dimen­
sion in laser readout. Specia l techniques of 
data reco rding and readout uti liz ing th e inter­
ference of li ght similar to that emp loyed in 
holography is already showing great promise 
in faster data access, data analysis, and data 
process ing. Instrum entation for data storage, 
retrieval, and analys is by lase r beam is still in 
its infancy but it appears destined to occupy 
a significant position in future systems. 
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The ELOO Europa I Vehicle 
d uring the first phase of th e 
F6/1 Launch from Woomera 
Range in Aust ralia. 

IN ITALY, th e descendents of Galileo and 
Schiaparelli are carrying on th e rich tradi­

tion of advanced research in ast ronomy and 
as trophys ics. Today, Italy is engaged in sev­
eral major and a host of small er space re­
search projects. It has created its own nation­
al program, the Sa n Marco SatP.llite Project. 
For the multi-national ESRO and ELDO space 
programs, Italy d es igns and instrum ents th e 
sa tellites. It was among the first nation s to 
coope rate with the United States on seve ral 
important programs, parti cularl y on commu­

nications satellites. 
Italian space research is not coord inated by 

a single agency. Instead, private companies, 
government agencies, and universities work 
together in a cooperative effort. In th e private 
sector, LABEN in Milan (Labo ratory for Elec­
tronics and Nucleonics), suppli es on-board 
and ground PCM telemetry equipment and 
reduces data from th e ELDO program. For its 
data reduction, LABEN has developed a tele­
metry processing sys tem using an Ampex 
FR-1200 reco rder and two TM-7 digital tape 
transports. Final output of th e sys tem is a 
tape containing tes t data in a computer ready 

format. 

ITALIAN SPACE PROGRAM : 
National and International 
Italy 's trad ition in spa ce research goes back 
many cen turi es : in 1966 th e ci ty of Florence 

ce leb rated the SOOth annive rsary of Galileo's 
birth. Whil e boasting Galileo's geniu s, Italy 
also takes pride in the work of other scienti sts 
and astronomers. Schiaparelli discovered th e 
"channels" of Mars. Cass ini and Fontana first 

observed th e stripes of Venus. 
Italian resea rch is now goi ng forward in 

many areas: sa tellite design, launching, or­
bital and re-entry physics, telemetry, balloon 
flights, weightlessness, ce les tial mechani cs, 
so lar wind and plasma, radio propagation, 
auto modulation in the ionosph ere, commu­
ni ca tion s th eo ry, a joint study with th e Mt. 
Wil son Observatory on so lar corona, radio 
telescopes, and op ti ca l tracking of satellites. 

Besides its extens ive cooperation in multi­
national space programs, Italy has mounted 
its own San Marco Project, an equatorial or­
biting sa tellite. This ambi ti ous effo rt is ca rri ed 
on as a joint venture with the United States 
space agency, NASA, and the Italian Commis­
sion for Space Resea rch. Primary sc ientfic mi s­
sion is a unique method of measuring upper 
atmosph ere density at th e edge of space. 

San Marco I was successfu lly launched in 
1964, by a NASA trained Itali an crew at W al­
lops Island, Virginia, on a Scout solid propel­
lant rocket. Italy launched San Marco II in 
April 1967 (aga in wi th Italian crews using a 
Scout vehicle) from a sea platform located off 
the coast of Kenya. It sco red three signifi ca nt 
firsts in sa tellite research: the first equato rial 
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launching, th e first equatorial orbit, and t e 
first launching from sea. San Marco C, to be 
launched from this si te in late 1969 or 1970, 
will carry both Italian and NASA experim ents 
to measure atmospheric density. 

ELDO AND ESRO PROGRAMS : 
Multi-national Cooperation 
ELDO, th e European Launch er Deve lopment 
Organization, was created in 1962 wh en seven 
nations banded togeth er to built a three-s tage 
launcher for heavy sa tellites. Great Britain is 
responsible for th e Ii rst stage, the Blue Streak 
rocke t; France the second stage; and the Fed­
eral Republic of Germany the third stage. 
Belgium suppli es th e ground faciliti es; Th e 
Netherlands the long-range telemetry ; Au s­
tralia th e launching site at Woomera. Italy's 
role is to build and instrument the sa tellites 

and related ground telemetry equipment. 

Th e ELDO launcher (to be operational in 
1969) is ca lled Europa I. It will place a sa tel­
lite weighing about 1320 pound s in a circular 
orbit at an altitude of 344 mil es. Bei ng able to 
launch heavy sa tellites is important to Europe, 
particularly in its development program for 
telecommunications sa tellites. 

ESRO, th e European Space Research Or­
ganizati on, was se t up by ten countr; 
1962: Belgium, Denmark, France, Ger , 
Italy, the Netherlands, Spain , Sweden, Switz-



LABEN PCM Data Reduction Sys tem- Model DR1-EL-- which 
uses o ne Ampex FR -1200 instrum entation recorde r and 

two Ampex TM-7 digital tape memories. 

Techn ic ian completes ins tallation o f LABEN PCM Telemetry 
En coder in the Sa tellit e of th e ELDO Europa I Vehicle. 

erland, and Great Britain . Italy is contributing 
scientific instrumentation and parti cipating 
in work on th e first ESRO satellites. Projects 
include the ESRO I, a polar ionospheric satel­
lite, and ESRO II, an astronomy satellite. ESRO 
II w as fired in May 1967 by a Scout vehicle 
from the Pa cifi c Mi ss il e Range in California, 
but fail ed to orbit. ESRO A will go up in 1968. 
ESRO C (TD-1 ), a stellar sa tellite, will be 
launched by a Thor-Delta rocket. Th ese will 
be followed by additional sc ientific satellites 

ELDO DATA: LABEN Telemetry and 
Reduction Systems 
The first phase of th e ELDO program is to 
develop a launch vehicle, launch communi ­
cation s and tracking technology; the second 
to orbit a sa tellite. After several stati c tes ts, 
th e first tes t launch was made in M ay 1966, 
at th e Woomera Tes t Range in Au stralia. 

This launching w as a tes t of th e first stage 
Blue Streak rocket. Th e other two stages and 
the satellite itse lf were tes t dummies. In th e 
tes t sa tellite (manufactured in Ital y) on th e 
f irst launch LABEN installed a PCM sys tem, 
Model TL-64, to gain operati onal experi ence 
and tes t its check-out system, Model DCO­
EL. Thi s sa me check-out sys tem w as used on 
t -Ro II launching. 

e next vehicle was stati c tes ted in No­
vember 1966. LABEN suppli ed a TL-64 PCM 

Th e fairin gs o n the base 
of the tower at W oomera 
Range in Australia . 

Th e Sa tellite of the ELDO 
Europa I Vehicle with two 
LABEN Vibratio n Analyze rs. 

telemetry package, a vi bration analyzer, th e 
VA-66, and a check-out sys tem, DCO-EL. Data 
from th e stati c test was brought to LABEN for 
initi al data analys is. Using an ea rli er version 
o f its data redu ction sys tem, LABEN played 
these tapes back on an Ampex FR-1200 re­
corder, th en converted th e data to punched 
tapes, a time con suming operati on. 

For data from th e foll ow -on sa tellites, 
LABEN's new reducti o n sys tem (M odel DR1 -
EL) adds two Ampex TM-7 digital tran sports 
whi ch permit simultaneou s process ing of all 
parameters. With thi s sys tem, PCM data is 
analyzed by pl ay ing back th e tapes on the 
FR-1200 through LABEN Si gnal Conditi oning 
equi pment (M odel EL 13S) onto th e first TM-7. 
Th e se rial PCM data and th e clock informa­
tion are reco rded togeth er with range timing 
info rmati on w hi ch is dernded and converted 
in BCD format by means o f th e LAB EN Tim­
ing Code Translato r M odel EL235. 

The res ulting tape is in a digital fo rmat 
with out inter- reco rd gaps in it. Tim e corre­
lated PCM data ca n be ph o tograph ed for a 
quick look at thi s stage. Then it is played 
back from the first TM-7 th ro ugh th e LABEN 
Telemetry Processo r o nto a second TM-7 in 
computer compatible fo rmat. Thi s process ing 
phase is accom pli shed thro ugh a star t-s top 
operation o f th e two TM-7's, to all ow the 
gapped fo rmat tape to be produced w itho ut 
an interposed Telemetry Processo r M emory. 

Special tape speeds were provided on the 
TM-7's to allow such a "syn chronous produ c­
tion " of a computer compatibl e tape. It is 
remarkabl e that an operative performan ce of 
th e two TM-7 stri ctl y within th e specifi cation 
charteri sti c is reques ted for thi s synchronous 
generation mode. The results were complete­
ly sati sfactory after two data processings. 

Preliminary analys is o f the data from future 
tes ts w ill be req uired w ithin two w eeks after 
launch. According to th e Data Red1_1ction team 
at LABEN, " M agneti c tape recording, analog 
and di gital conve rsio n, and digital recording 
in computer fo rm at permit us to meet thi s 
schedule. On future orbital flights the in­
creas ing quantity o f data involved will be 
handled by th e hi gher performan ce and th e 
greater fl ex ibility o ffered by th e new LABEN 
PCM Data Reducti on Sys tem (M odel DR2-EL) 
now under development. Thi s new system 
includes a LABEN 4096x24 M agneti c Core 
M emo ry Sys tem in its Telemetry Processor." 

As in seve ral o th er European co untri es, 
Italy's LABEN has been able to look ahead and 
use some state-of-the-a rt developments in 
electro ni cs and space techno logy. In th e PCM 
Telemetry supplied fo r the second launch, 
th e M odel TL-66, conventional printed circuit 
boa rds are used in th e analog secti on, but 
integ rated circuits are used in th e digital sec­
ti on. Lates t LABEN PCM electroni cs, Model 
M L-67, uses integrated circui try throughout. 
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Technical Information: 

MANUFACTURING FERRITE CORES 

By R. Bravo, A. Horowitz, and D . W ebste r 

Compil ed by M. R. Mraz and G. H . As hbridge 

Supp lyi ng co in cident cu rrent ferrite memo ry co res 
for compute rs and related devices poses a broad 
range of technical problems. Not o nly have pro­
duction schedul es steadily increased fo r these de­
vices in the past few yea rs, but also the demand 
for faster and larger memo ri es has led to sharp re­
ductions in the co re's physical size. Each part has 
to be manufactured to close dimensional toler­
ances and must meet stringent elec tri ca l req uire­
ments for seve ral parameters. Thus it is apparent 
that many technologica l innovations have been re­
quired to permit mass production of seve ral di s­
tinct core types each of which requi res th e close 
co ntro l of severa l process va ri ab les. 

POWDER PREPARATION 
As in any cerami c process, the first consideration 
is powde r p rocessing. The precise nature of the 
electrical response required in the final product 
preclud es any devia tion in a powder manufactur­
in g procedure. Th ere are about a dozen critical 
steps in powder processing alone, which p laces a 
heavy responsibi l ity o n manufacturin g. Fortunately, 
the cost of raw material s is low, and t ight scree n­
in g fo r high qua l ity powde r (98% purity) can be 
economi ca lly maintained. The fact that each core 
co nsum es a ve ry small amount of ferrite powder 
makes it economi ca ll y feas ibl e to fabricate the 
powder in re lative ly small batch sizes. Fo r exa mpl e, 
one no rmal sized production powder batch wi ll 
produce between two and three milli o n ferrite 
co res of the commonly used 0.030- in ch o.d. and 
0.022-inch o.d. sizes. The re lati vely sma ll size of 
the powde r batch also makes it feasible to have a 
co re product line consist in g o f a va ri ety of co res 
each requiring a different powder preparat io n 
p rocess. Thi s fl exibility of ope rati o n then all ows 
co res w ith a va ri ety of e lect rica l requirements and 
dimensiona l configurations to be fabricated econ­
om ica ll y. A lso, the w ide va ri ety of memory co res 
fabricated for different computer requirements 
makes it more advantageous to have f lex ibility of 
ope ration , in contrast to a sin gle powde r process, 
sin ce as e lectri ca l requirements change, and as the 
size of th e co re changes, each subseq uent ope ra­
tion is affected . 

Figure 1 is a typ ical fl ow chart for the ferr ite 
memory core fabrication process. In actua l opera­
tion some of the steps ind icated in the flow chart 
are o mitted and in so me cases others are added. 
Typical calc inin g temperatures are between 450 
and 700°C for lime peri ods between one and two 
hours. Reacting tempe ratures va ry between around 
700 and 1100°C for app roxim ately two hours. Press 
densities are between 3 and 4 grams per cubic 
centimeter. Sinterin g temperatures fo r both firin g 
and ref i r in g are opti mi zed to obtain the best co m­
promise of co re properties. 

Stri ct in-process co ntrol is required in the fo ll ow­
ing major areas: 1) chemi ca l and physica l proper­
ties of the raw material, 2) mixing an d grindin g 
time, 3) ca lcinin g tim e- temperature relati o nsh ips, 
4) screened sieve size for agg lome rate size, and 

5) bi nde r an d lubri can t additions. 
Ferrites are ce rami c ferromagnetic materials 

with the genera l co mposit ion MO Fe2 0 3 where M 
is any of seve ral metal s such as iron, man ganese, 
magn es ium, ni cke l, zinc, coppe r, cobalt, l ithium 
o r (more generall y) so me mi xture of these . D uring 
the fabrication process the fe rrit es are crysta llized 
into the spi nel st ru cture which is determined pri­
maril y by th e oxygen io n lattice. Thi s crys tal stru c­
ture can be thou ght of as the closest poss ib le pack­
ing of laye rs of oxygen ions with the metallic ions 
fittin g in at ei th er o f th e two kinds of interstices. 
Raw materia l purity is a necessity. A slight content 
shift in o ne of the constituents causes diffi cu lty in 
find in g the correct fi ring temperature, and makes 
it imposs ib le to obtain the elect r ica l properties 
required . Physica l properti es also mu st be accu r­
ately contro ll ed to ensure co rrect gra in stru cture 
du rin g subsequ en t sintering and firi ng. 

After raw mate ri al inspection , th e nex t step in 
the powder prepartion procedure co nsists of an 
accu rate weigh in g of th e va ri ous metalli c com­
pounds required in the material formu lation. Then , 
mixin g is accompl ished either wet o r dry, to assure 
a hom ogeneo us prod uct throughout the operat io n. 
Ca lcinin g is perfo rmed to compl ete the reduction 
and dehydration of raw materi als, and to begin 
the first stages of spinel fo rmatio n. Afte r ca lcinin g, 
the pow der is mi xed togeth er with so lutions of 
sui tabl e binders and lub ricants to form pressable 
granul es. Screening th ese agg lomerates lo size 
compl etes the powde r p reparat ion. The screened 
size of the pa rt icles, as wel l as th e apparent den­
sity and powder f low characteristics va ry from o ne 
co re type lo another as we ll as fro m o ne co re size 
to ano ther. 

PR ESSING 
Figure 2 shows how the dimens ions of ferrit e co res 
have been redu ced as fabri ca tion and wir in g tech­
niqu es become mo re sophis ti ca ted. Actua ll y, th e 
fi rst modern fer rit e was fab ri ca ted in 1946 with 
memory co res arri vi ng o n the scene about 1951 
with outside di ameters of 0.180 in ch or larger. A 
majo r portion of present day produc ti on is con­
ce rned with co res whose dimens io ns are 0.030 
inches o. d . by 0.020 inches i .d. and 0.022 inch es 
o .d . by 0.014 inches i.d . Co res with dimens ions 
0.018 in ches o.d . by 0.012 inches i.d. are beg innin g 
lo appear in large quantiti es and one major manu­
facturer has 0.012 inches o.d . by 0.0075 inches i.d. 
co res in mass production . The densi ty of the un­
f ired co re has a great influence o n the optimum 
fir in g tempe rature fo r th e co re and a va riati on in 
pressed density makes it ex tremely difficult to find 
the proper sinler in g tempera ture for th e co re. Re l­
ati ve ly fixed mechanical to lerances o n p ress in g 
height and indi vid ual core weight have a grea ter 
and greater percentage effect o n pressed density 
va riations as co res get smaller and small er. Press­
in g to lerances o n present co re types must be ca re­
ful ly monitored to ±0.0003 inches in height and 
±0.010 mg in we ight. 
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One major prob lem in press in g is high quality 
tooling. Tun gsten ca rbide tooling is a necess ity, 
but it does not lend itse lf easily to the thin walls 
required by core sizes, and the resultin g st rict 
dimen siona l tolerances. Uniform density of th e 
carbid e- tool material is a criti ca l fac to r. Ur ' 
lunately, the hi ghest density carbide does no 
the bes t mechani ca l st ren gth. A co mprom i, 
required to ensure adequate too ling life and to 
maintain dimensional tolerances. Holdi ng good 
concen lricity of the pressed co re is also essential. 
Another requirement which ex tends ca rbi de- tool 
fabrication time is that good surface finishes on 
i.d. and o.d. must be maintain ed. This is required 
to eliminate mu ch of th e pun ch brea kage, stick­
ing, binding o r se iz in g that no rm all y plague hi gh 
vo lume press ope ration . 

During o perat ion, the presses must be exten­
sive ly monitored . Every 20 minutes, the ope rator 
checks rando m sa mpl es o f co res fo r height and 
we ight, to ensure that dimensions are be in g held 
within specified limits. A vi sual mi croscop ic check 
is also made to inspec t fo r fla sh, burrs, o r any un­
usua l co re conditions. I t is essenti al that monitor­
ing equipment be maintained w ith periodic in­
spections. Any devia tion o f the equipment toler­
ances cou ld lead to the rejection of milli o ns of 
cores fo r mechani cal or e lectri ca l reasons. The 
p ress in g operatio n requires the full support of a 
tool se rv ice department, specifically expe rienced 
in maintai nin g this high ca l iber of toolin g and 
equipment. 

FIRING 
The last step is the heat treatment (firing). Firing 
produ ces a dense fe rrit e with the required elec­
trical characte ri stics. The time and temperature 
cycl e in firing ca n inf luence the spi nel phase re­
lati onships, stoi chiometr ic rati os, grain size and 
shape, internal strains and density of the device. 
A ll of these parameters wi ll affect the magnetic 
properti es of the fired co res. 

Typical ly, co res are fired in ei th er peri odic o r 
auto matic tun nel kilns . Peri od ic kilns requirP the 
p resence o f an ope rato r to insert co res at 
trance and to remove them from the exit. o-
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matic tunnel ki ln s utili ze limit switches and special 
rams to auto mati ca lly cyc le the co re contain ers 
through the kiln . The kiln choice is essentially 
contro ll ed by the fir i ng cycle requirements of the 
co re. Thi s, in turn, is de termined by th e core size 
and the particu lar ferrite co mpos iti o n involved . 
Most co res are fired at relatively hi gh tempera­
tures fo r long periods o f tim e. The majo rity of 
cores present ly manufactured by Ampex are au to­
matical ly fired at rates in excess of 2 milli o n co res 
per day per furnace. 

Prec ise co nt ro l of furnace temperatures and 
rate o f produ ct travel , must be maintain ed, since 
these facto rs determine th e ove rall temperature 
profile that the core expe ri ences. A normal ther­
mal cycle cons ists of a temperature pl ateau, a 
temperature decrease, and finall y, a rap id quench. 
The qu ench takes pl ace in 30 minutes and locks- in 
the necessary e lect rica l parameters o f the co re. 
Severe res tri cti o ns are thus imposed o n the con­
tai ners ca rryin g th e ferrites through the furnace in 
o rde r to p revent a hi gh temperature reac tion 

rob lem and breakage of the co ntain ers due to 
m al shock. 
, ctual ope ration o f the hi gh production fur­

naces begins w ith test firin gs. Since the no rmal 
temperature profile has been speci fied in adva nce, 
the ope rato r has only to make sli ght adj ustments 
in th e hi gh hea t and quench temperatures to pro­
du ce a hi gh y ie ld produ ct. Peri od ic e lectrical tes t 
read ings are made to est imate the fired co re quali­
ty once fu ll production o peration has taken place. 
Tes t equipment has been devised for thi s purpose 
which evaluates the fired product distributi on, and 
prov ides a gui de for possible furnace environm ent 
corrections. Thi s piece o f equipment is used for 
all core types and it is used to qui ck ly relay large 
quantiti es of info rmati o n to the o perator as well 
as to the engin ee rin g sta ff. Wh en th e core batch 
has achi eved opt imi zed yields, th e operator co n­
centrates o n loading techniqu es and takin g sample 
dimensio nal checks o n the fired co res. Wh en a 
large batch atta ins a hi gh y ie ld qui ck ly, the ope r­
ator w ill usually no t be required to make any 
chan ges durin g its run . 

TESTING 
Th e test operation follows three main steps: 1) 
pre-grade testing, 2) hi gh speed co re grad in g, 3) 
acceptabl e quality leve l tes tin g. 
Pre-Grade Testing. Sampl es o f co res rece ived di ­
rect ly fro m th e firing kilns in fire lo ts (a group of 
co res pressed from the same mate ri al batch and 
fired simultan eously in th e sa me co ntainer) are 
hand-tested on stati c tes t eq uipment to de termin e 
w hether th e fire lot has a hi gh eno ugh potential 
yie ld to warrant high speed grading. A minimum 
of 20 cores fro m each fire lo t is individually tes ted 
o n a pre-grade tes t station. The test is co nducted 
in accordance w ith a specifi c sto rage core test 
specification and all data concerning specifi ed 

it charac teris ti cs in o rder to gua rantee that 
are reprodu cibl e. 
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Results of th e pre-grade tes ting are analyzed by 
a core test su pervi so r who determ ines the esti­
mated y ie ld and then decides on th e basis of the 
expected y ield and the production req u irements 
whether the fire lot should rece ive furth er tes ting. 
Accepted fire lots are th en cleaned and sized be­
fo re hi gh speed grading. Cores rej ected by th e 
pre-grade tes t are returned to the firin g kiln area 
for additiona l f irin g o r des truction . 

High Speed Core Grading. Fire lots accepted in 
the pre-grade test are then subj ected to a hi gh 
speed gradin g operation. The purpose o f high 
speed grading is to make ce rta.in that all co res ac­
cepted by the high speed graders meet all of the 
specification va lues. Dr ive current se ttings and 
core ou tput di scriminati on leve l se ttings on the 
high speed grader are at the discretion of the test 
superviso r. In general , these se ttin gs are at values 
higher than the test specification in o rder to be 
ce rtain that grad er no ise leve ls do not al low rej ec t 
co res to be transferred to the " accept" bo ttl e. 

As further insurance, the tes t supervisor peri od­
icall y sa mpl es extracts fro m the " accept" bottl e. 
Samp les are tes ted o n a se mi -auto matic station 
during the grading of each fire lot. If an inter­
mediate sa mple contains rej ected co res, gradi ng 
is immed iate ly stopped and the grad er drive cur­
rent se ttings or the output leve l di scrimination 
sett in gs are ti ghtened. All cores from the "accept" 
bottl e are th en rep laced in the grad er input hop­
per. I t is important that every co re from eve ry 
pre-grade accept fire lot passes throu gh a hi gh 
speed grading stat ion and that the cores in the 
accept bottl e be capabl e of pass in g the require­
ments of th e Acceptable Quality Leve l (AQL) speci­
ficati o n. Rejected co res are returned to th e firing 
kiln area for additiona l firing o r destru ction . 

Acceptable Quality Level Testing. In AQL testing, 
co res are indi vidual ly tes ted at semi -automatic 
test stations o n a special tes t ji g. The operator 
v isually observes the core output characteristics 
on an oscill oscope screen. Al l of the cores in the 
AQL sa mple must be tes ted for each characte ri stic 
contained in th e tes t specifica tion , which includes 
at leas t dV,, dVz, t,, and t,,. In general, thi s wi ll 
include more than one set of dri ve condit ions at 
more than one temperature. Core fire lots ac­
cepted o n the bas is of the AQL test are transferred 
to the mechanica l in spection area for tes ts. M ech­
ani ca l tests are made to check the inside and out­
si de diameters of th e co res and to perfo rm co re 
fracture strength tes ts. 

All fire lots accepted on the basis of th e m ech­
anica l tests are then weighed to determine th e 
actual quantity of co res present. The co res are 
then transferred by fire lot to production contro l 
for packaging and shipping. Core fire lo ts rejected 
by the AQL tes t are returned to th e hi gh speed 
grading area for a tightened grading operation. If 
the anti cipated y ield is not satisfactory, then the 
rej ected fire lo t must be returned to the firing 
kiln area fo r additional firing or destruction. 
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When you buy tape for your own recording uses, be sure it's the Same goes for all the magnetic tape we make for you. 

kind of tape you 'd choose if you were a professional. SPECIAL TRIAL OFFER 

What do the pros look for? Quality. Consistency. Dependability. We want you to try our tape on your system and we know that it 

They recognize that the least expensive element of tape recording will help if we sweeten the deal a little. So here's your spoonful of 

is the tape. Buying cut-rate tape can blow the sound investment sugar : A coupon with each 7" reel of Ampex general-purpose or 

you 've made in all your equipment. low-noise tape in the new 300-Series box entitles you to buy your 

Ampex has been the quality standard for tape recording since we choice of any one of nine exciting pre-recorded tapes at less than 

perfected it in 1947. Men who make a living doing half-price : $3.50. And the blank tape inside that Ampex 

what you do for fun know that we demand the very I AMPEX I box entitles you to create hours of great sound. Mono 

top performance from our recording equipment . or stereo. Available wherever people demand the best. 
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