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Oak Park and River Forest Random Access Audia System 

Education appears to be at a threshhold now - a threshhold in communications. 
As at any turning point in a science or endeavor, it is frequently a small group of pioneers 

who first cross the threshhold into the new area. 

Oak Park and River Forest High School (Oak Park, Illinois) is one of these pioneers 
in educational communications. This forward-looking school has just installed the first true 
random access audio communications system. 

Its job is to do two important things : help students learn better, and help teachers teach better. 

COVER: Four of the five pentagon shaped carrels at Oak Park and River Forest High 
School, Oak Park, Illinois . System will be expanded later to 75 carrels, then lo 200. @1968 AMPEX CORPORATION 



AUTOMATED SYSTEMS: Freeing the 
Teacher to Work with the Students 
Automated systems are sometimes looked on 
as impersonal methods of teachin g. Th e truth 
is that automated learning actuall y works out 
to be more human than some traditional ap
proaches. It creates more time fo r personal 
attention and teacher-student interplay. It 
frees the teacher to inspire and moti va te, to 
bring out principl es and uses of knowl edge 
instead o f dealing onl y w ith bare facts and 
routine techniques. It spreads out th e efforts 
of those teachers who can present know ledge 
bes t by record ing them so that many mo re 
students can benefit from their talents. 

Most teachers want to have mo re tim e to 
spend with their students. However, they are 
quick to admit that th ey frequ ently end up 
spending a good deal of their tim e simply 
presenting knowl edge. 

Th e ro le of the new random-access system 
is to help th e teacher shuck off some of the 
burdens of repetiti ve presentation. Unques
. ' nab ly, many types of knowl edge are bes t 

med by repetiti ve presentation . Th e new 
sys tem not only helps th e teacher do thi s, but 
add s another dimension. It indi vidualizes in 
stru ction by letting the student get w hat he 
wants w hen he needs it. Once rece ived, he 
ca n proceed at his own pace and even repea t 
part of th e lesson if he does n' t understand it. 
Thi s isn' t poss ible during a lecture and some
times isn' t possible or des irab le even in a 
class room. 

To th ose w ho look at this as being a re
pl acement fo r the teacher, we would draw at
tention to the invention of th e pr inting press 
and the firs t mass produced books. The didac
t icists of that age we re ce rta in that if books 
were eas ily ava il able they would degrade 
lea rn ing. The key to lea rnin g, th ey pointed 
out, was the dialogue between teacher and 
stud ent, o r next bes t, a small group in a So
cratic dialogue. The book was seen as a threat 
to lea rnin g. 

In po int o f fact, neither th e book no r th e 
many communi ca tion s too ls that cam e later 
are a threat to th e teacher. Th ey are simply 
tool s that free the teacher to spend mo re 
tim e in indi vidual contact w ith th e student. 
Th ey don ' t replace th e teacher- th ey re-place 
him in a ro le mo re va luab le to schoo l and 
community. 

Subjects to be included ini tia lly in the sys-
1 are vocational guidance, math ematics, 

.cnce, dri ve r ed ucat ion, languages, Engli sh, 
d rama, music, and hi story. New materia l ca n 
be added at any tim e. 

RANDOM ACCESS AUDIO SYSTEM: 
Heart of Instructional Resources Center 
Random access is a meth od o f sto ring pro
grams and data by w hi ch any item can be 
brought forth immed iately. The new audio 
sys tem at Oak Park and River Fo res t High 
Schoo l is the first tru e random access audio 
information retri eva l sys tem in th e United 
States. It can be ca ll ed a tru e random access 
sys tem because each student in 25 locati ons 
can select any one of 224 reco rd ed program s 
and have it available for li steni ng in hi s own 
ea rphones in less th an 59 second s. Progra m 
length can be up to 15 m inutes long, w hi <:h 
turn s out to be abou t a maxi mum length for 
th e ave rage attention span w hen a student is 
lea rnin g by repetiti ve presentati on. 

O th er sys tems permi tti ng random se lec
ti on of materi al are limited because a student 

may have to come into th e middle of a pro
gram if ano th er stud ent has already reques ted 
it. With thi s new sys tem, each stud ent re
ce ives prog rams from the beg inning. 

Key to th e Ampex sys tem at Oak Park and 
Ri ve r Fores t are high speed dupli ca tion tech
no logy and new bin loop tape transports. 
Th ese, in combinati on w ith a small high
speed computer, du pli ca te a 15- minute pro
gram in 30 second s. Thi s means th at even if 
some o th er stu dent has j ust reques ted a pro
gram, the max imum wa iting ti me would be 
59 seconds (that is, 29 seconds fo r the o th er 
stu dent's materia l to be du pli ca ted, plus 30 
seconds for hi s). Th is is th e max imum wa iting 
t ime w heth er one studen t o r all students re
quest the sa me p rog ram. 
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Student with head set (earphones and microphone) listening to a program in a carrel. 
Desk allows student to take notes and refer to books or other course material. 
A second head set jack is provided so that two students can listen at the same time. 

The present installation is the first step 
of a scheduled three-phase instructional re
source center recently engineered and in
stalled by Ampex in the Oak Park and River 
Forest High School. Future phases will extend 
the system to 200 receiving locations and in
clude random access video instructional ma
terial. 

Students respond very favorably to this 
type of equipment. It's similar to the type of 
programmed descriptions found in science 
museums where a student can press a button 
and hear a presentation on what a particular 
demonstration means. Students of today's 
generation are used to receiving information 
via audio and video sources so that it seems 
very natural to them to be using modern 
communications tools in school. 

REQUESTING A PROGRAM : 
Like a Library with Unlimited Copies 
of Each Title 
In operation, the student selects the program 
he wants to hear on a twelve-button key
board, similar to those used on the new 
TOUCH TONE® telephones. The computer 
routes his request to the master tape recorder 
which replays the selection at high speed (120 
in /sec). A recorder connected to the student's 
own carrel receives the selection and dupli
cates it at high speed. A full 15-minute pro
gram is copied within 30 seconds. After the 
lesson has been copied the student can listen 
to it immediately, and the master recorder is 
free to duplicate it again for another student 
or duplicate any other lesson. Unlike a con-

ventional library, no lesson is ever checked 
out when a student needs it. 

Since the master program is stored in a 
reproducible form , unlimited copies can be 
made to take care of any number of students. 
Each student gets his own individual lesson 
to listen to. He can even plug-in his own re
corder and copy the lesson for later use at 
home if he wishes. 

SYSTEM COMPONENTS 
Student Carrels. Students receive and listen 
to their material without bothering others in 
pentagon shaped carrels. In Phase One, there 
are five carrels, each with five student posi
tions. This will soon be increased by ten ad
ditional carrels, for a total of 75 positions, 
then later to 200 positions. I l luminated push 
buttons select program material and control 
program replay, student record and play, 
standby, and recue. Program recording is con
trolled only by the computer, but an indicator 
light in the carrel shows when the system is 
in this mode. Each student has earphones, a 
microphone (for language instruction or in
tercom) , an instruction card, and directory 
of programs. 

The system is quite immune to pranksters 
or improper operation because the student 
does not operate the equipment directly. All 
student requests go from the carrel keyboards 
to the computer which controls the entire 
system. The computer will reject an improper 
request or input. Because of this hands-off 
operation, students can't damage the system. 

The student selects mode of operation (program 
number, play, stop, recue at beginning) by push 
buttons. Sys tem is immune to pranksters because 
the studen t doesn ' t operate the equipment di 
rectly. All commands are routed by a computer 
which controls the entire system. 

Keyboard control units can also be put in 
classrooms or auditoriums to connect into 
the system for group listening. Remote loca
tions, including sick students at home or other 
schools, can connect into the system via five 
telephone interfaces. A TOUCH TONE® tele
phone is all that is required at a remote loca
tion to draw on the library of recorded ma
terial. 

Supervisor Console. Unattended operation of 
the system is possib le, since it is entirely au
tomatic. For supervisory operation, the super
visor's console provides the most sophisticate 
control available. Audio for each stud 
passes through the console and may be moni
tored. A complete intercom allows the super
visor to interrupt a program and talk with the 
student directly. For trouble shooting an aux
iliary keyboard /display unit on the console 
al lows the supervisor to take over control of 
any student buffer, share control with the 
student, or completely disable a given posi
tion. The computer teletype, located on the 
conso le, also logs out each requested pro
gram number with the position that requested 
it. This can be expanded to log out the stu
dent number, if desired. 

Computer Control. The computer is the nerve 
center of the entire system. Its program has 
a log of audio program numbers and student 
carrel numbers. The student can also inse rt 
his own number into the system in order to 
identify himse lf for logging and testing. 

The computer selects the proper program 
track and connects it via an audio switcher to 
the carrel recorder to duplicate th e lesson at 
high speed. The computer can also test the 
condition of the entire system each day using 
basic diagnostic programs. One of the test 
programs cycles every program source in all 
student positions and logs out on the teletvpe 
any defective path s. This is important since 
nearly 6000 possible path s exist with the pres
ent 224 programs and 25 student carrels. 
defective paths or units located with t 
diagnostic program are identified on the 
computer teletype for action. 
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Tape bin in Master Reproducer has 250 feet of 
1-inch tap e with 32 tracks. Tape loops are made 
on a similar master recorder at 3 inch /s econd. 
Bin is then trans ferred to Master Reproducer for 
duplication at 120 inch/se cond onto student re
corders connected to each carrel. 

Master Recorder. Master programs are re
co rd ed off-lin e on a master loop recorder 
which has 32 tracks on o ne-i nch tape. This 
unit is manually contro ll ed and records pro
grams at 3 inch /sec from any regu lar input 
source such as a microphone, tape recorder, 
phonograph or radio. The tracks on the mas
ter recorder have sepa rate erase and record 
heads so that each track is recorded inde
pendentl y of the othe r tracks and may be 
recorded, edited, or updated at any time. 

For the hi ghest quality in master recording, 
material wi ll be recorded f irst on a standa rd 
orofessional recorder (Ampex AG-440 or the 

:::;-500) at 71/2 inch/sec and transferred onto 
Che tape loop on th e master recorder. 

Master Reproducers. It is the seven master 
program reproducers that bring the high ac
cess speed and flexibility of th e Oak Park 
River and Forest system. These are 32-track 
one-in ch bin-loop units. Afte r a tape is made 
on the master recorder, the bin is placed on 
the master reproducer. Here it is p layed at 
120 inch /sec to duplicate material for th e 
ca rrel units. 

Si nce these are loop recorders, the tape 
doesn't have to be rewound before the next 
program can be duplicated. Programs are 
available from the beginning immed iate ly af
ter a transfer is done. No time is lost in re
versi ng the tape as in a co nvent iona l ree l to 
ree l recorder. Each master reproducer ca n 
transfer a single program to a sing le ca rrel 
recorder, a single program to all carre l re
corders, or all 32 programs simultaneously to 
all ca rrel recorders. 

Carrel Recorders. The student recorde r/ re
producers connected to each carrel are iden
t ica l mechanically to the master reproducers, 
except they are half-inch dual track. They 
ope rate at 120 inch /sec when receiving a pro
gram from the master recorder, then p lay it 
back to the student for li stening at 3 inch /sec. 
-·ansfer time is 30 seconds for a 15-minute 

ogram. Th e student can li sten to the pro
gram as many times as he wants or record it 
on h is own personal tape recorde r. Track one 

Technical supervisor at master control console, used when attended operation 
ins tead of the fully automatic control is desi red. All student controls are duplicated 

he re so that th e supervisor can take over or share control. Teletype at left logs 
out program numbers and is used during diagnostic pro grams for readout . 

contains program material for playback. Track 
two is for recording th e student's own voice. 

PHASE TWO: Addition of Video 
Phase Two of the system wi ll provide v ideo in 
conjunct ion with audio. The existing contro l 
logic and computer wi ll switch video inputs 
from a television ca mera, one videotape re
corde r, and three film / sl ide chains. Television 
monitors can be added to the student carre ls 
at any time in the space already provided. 
The present sys tem is designed to accommo
date random access video in the fina l phase. 
Equipmen t for thi s purpose is now under de
ve lopment at Ampex. 

FUTURE PLANS : 
Automatic Student Testing 
By add ing a minor amount of computer pro
gramming, the system as it stands now can 
pe rform automated testing and scoring of 
students. The computer totals the score and 
pri nts out the requ ired data. A tape pu nch 
may also be emp loyed to create a tape with 
which the computer can later provide stat is
tical data and class cu rves. 
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FRANCE HOLDS MEMBERSHIP CARD NO. 3 IN THE SPACE CLUB 

In November 1965, France was awarded membership Number 3 in the world's most 
exclusive assemblage, the costly space age club. She now mixes company with the 
United States and the Soviet Union (in a class by themselves ), plus the United 
Kingdom , Canada, Italy, Japan , and ESRO (European Space Research Organization ). 

November 1965 was the date of France's first sate llite launching (the A-1) powered 
by a Diamant rocket from a site deep in the Sahara Desert in Algeria. This was 
followed by FR-1 in December launched from the Western Test Range in California 
on a NASA Scout vehicle. Then , in January 1966, France nudged securely into position 
Number 3 when her D-1 A satellite lofted into a perfect orbit from the Sahara site. 

Helping to keep track of where these space travellers are and capture what they are 
measuring for French scientists below are some 35 Ampex magnetic tape recorders 
located in six worldwide tracking stations and an operations center near Paris. 

Telemetry a1id cummanc.1 antennd usec.1 uy CNES receives signals in the 
136-138 MHz band, and transmits commands in the 148-150 MHz band. 



olid propellant Dragon sounding rocket on its 
launching pad. This is one of an extensive range 
of space probes launched by France. 

FRENCH SPACE AGENCY: Oversees a 
Joint Government/ Industry Effort 
Th e main government agency responsible for 
France's space program is the National Center 
for Space Studies, or CNES, created in 1962. 
The CNES has three basic jobs: to develop 
and guide scientific aerospace and resea rch ; 
to prepare programs and in su re their execu
tion, either in its own facilities or through 
research contracts w ith indust rial firms· and 
to coordinate international cooperati~ n in 
space programs in conjunction with the Min
istry of Foreign Affairs. CNES also works w ith 
French universities to develop training pro
grams and promote interest in space sc iences 
and technology. 

France's space program is modest by com
parison with programs in the United States 
and Soviet Union. Currently, France spends 
only about 1 % of the U.S. expenditure and 
plans no manned space project. Its budget 
rose from $18 million in 1961 to nearly $120 
million in 1968. 

FRENCH NATIONAL PROGRAMS: 
Launch Vehicles, Probes, Satellites 
and Balloons 

Launch Vehicles. The Diamant (diamond) 
launchers are the latest in a se ri es of rockets 
named after precious stones. Continuing the 
success of Diamant 1 and 2, numbers 3 and 
4 placed the D-1C and D-1D sate llites into 
orbit in February 1967. Diamant B, next in the 
ser ies, has a bi-liquid propulsion stage that 
will develop 35 ton s of thrust. Diamant B has 
been se lected for the Vempa test vehicle by 
ELDO, European Laun cher Development Or
ganization, for its Europa II rocket. The first of 
four schedul ed launchings will be made from 
France's Space Center in Guyan during 1969. 

Sounding Rockets. France has launched an 
extens ive range of sound ing rockets for scien
tific teams, both French and foreign. They 
have gathered va luab le information in parti-

Data reduction center at 
Bretigny, where four FR-1400's 
are used to reproduce tapes from 
French telemetry stations. 

cle and cosmic ray physics, astrophysics, and 
ionospheric physics. Launchings have been 
made with th e so lid propel lant rockets Belier, 
Centaure, Dragon, and Rubis . Two other solid 
propelled rockets are being developed, Dau
phin and Eridan. Liquid propel lant rockets 
include Veronique A.G.I., Veronique 61, and 
Vesta. 

The last three rocket firings were in Nor
way in October 1966 (part icles in the aurora 
borealis zone and th e electric field), Argen
tina in November 1966 (spectral analysis in 
the ultraviolet band during total so lar eclipse), 
and Terre Adelie (four Dragon launch ings for 
geophys ical phenomena). 

Satellites. France's first sate llite, the A-1, lifted 
off from the Hammaguir Firing Range in the 
Sahara in November 1965. Thi s was an 88 
pound experimental capsule made of fibre
glass. It remain ed aloft for about two weeks 
in an elliptical east/west orbit with an apogee 
of 1,121 miles and a perigee of 83 miles. Its 
primary mission was to test the · three-stage 
Diamant vehicle. A lthough the launch was 
successfu l, the A-1 's radio transmission mal
functioned. 

France's second sa tellite, the FR-1 , was 
launched by a NASA Scout rocket from the 
Western Test Range in California on Decem
ber 6, 1965. This is a French-built scien tific 
sate llite developed under a cooperative agree
ment with the United States. It stud ied the 
propagation of very low frequency radio 
waves in var ious regions of the ionosphere, 
plus the earth's magnetosphere and electron 
densities. It weighed 160 pounds, including 
th e 23-pound separation stage. It was placed 
in a circular polar orbit at an altitude of 490 
miles. Planned life was three months, but it 
operated for a much longer period. 

The D-1A, nicknamed Diapason, was th e 
third French sate llite, and the first of the D-1 
ser ies of scient ifi c sate llites. It was placed in 
orbit by a Diamant launcher from the Ham
maguir base on February 17, 1966. It was sue-
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Testing laboratory at CNES Space Center at Bre
tigny where two of its seven Ampex FR-1200 
recorders are used for vibration tests of satellite 
and space probe components. 

cessful in all respects. It weighs 42 pounds 
and is orbiting the earth every 118 minutes 
on an ell iptica l path with an apogee of 1696 
miles and a perigee of 312 miles. Diapason 
helped develop orbit computing methods and 
made preliminary studies on navigation and 
geodetic satellites. The geodetic sate l lites 
Diademe I {D-1C) and Diademe II (D-1D), 
launched in February 1967 from Hammaguir, 
are adding to the data al ready gathered. 
France has been active since 1964 in geodetic 
studies, when it made photographic observa
tions from five points in a homogeneous geo
detic system (linking France and North Africa) 
of Echo I. 

Balloons. Free balloons, the simplest of space 
vehicles, give astrophysicists a vast field of re
search without requiring cost ly rockets or 
satellites. CNES produces and launches hy
drogen-inflated . Po lyethy lene balloons with 
volumes ranging from 1,000 to 100,000 cubic 
meters. The largest carry a load of 125 kg 
(275 lbs) to nearly 40 km (25 miles). 

PENDING PROGRAMS: D-2, Eole, 
Symphonie, and Roseau 
Design for France's second series of scientific 
satel l ites, the D-2, was begun in 1965. Launch
ing is planned for 1969. The first will carry 
five experiments, primarily concerned with 

The Oiademe I (0-1C), a geodetic satellite that 
was launched along with Oiademe II in February 
1967. Purpose of these satelli tes is trajecto ry mea
surement and high-precision geodesy from three 
lasPr sta tions in France, No rth Africa and Greece. 

solar physics. Orbit wi l l be elliptical at 450 to 
900 km, inclined 45 ° with respect to the 
equator. Data will be transmitted in real time 
and also stored on board for transmi ss ion on 
command from the ground network. 

Another prog ram ca l led project Eole com
bines a satel l ite and a fleet of 500 ba l loons 
to study wind systems and design a model 
simulating atmospheric currents. The sa tellite 
col lects data and locates the positions of the 
bal loons, stores this information in an on
board memory, and then retransmits it to the 
ground stations on command. Balloons will 
be lau nched in the southern hemisphere be
tweeen the equator and the 55th para l lel. The 
satellite will be placed in a circu lar orbit at 
800 km (500 miles), with a 50° inclination. 
Besides the scientific data, Project Eole will 
deve lop operational data on locating bal loons 
by the satel l ite, gravity gradient stabilization, 
onboard memories (150 k bits), balloon pon
toons, and real time data processing. The pro
gram wi ll be carried out in cooperation with 
the United States National Aeronautics and 
Space Administration. 

Two other satel l ite programs are under de
ve lopment, the Symphonie satellite with the 
Federa l Republic of Germany, and the Roseau 
sate l lite with the Soviet Union. Symphonie 
is a telecommunications satellite handling 
sound and television broadcasting, telephone 

Telemetry station at Bretigny with an Ampex 
FR-1BOOL and FR-1400 data recorders. Other sta 
tions in the French ground network also use 
FR-1400 recorders. 

links, and data transmission. It is planned for 
launch usi ng a Europa II rocket from the 
Guyan Space Center in 1971. Roseau includes 
two phases, a lunar satellite and an earth sat
ellite, to be launched by Soviet rockets. The 
lunar satellite will study lunar surface and at
mosphere, the earth satellite will scan the 
magnetosphere and its boundari es . A follow
on project, agreed to in 1967, will inves tigate 
solar plasma, th e magnetosphere and the 
plasmasphere. 

INTERNATIONAL PROGRAMS: 
Multinational and Bilateral 
France cooperates actively in both of the mul
ti-national European space programs, ELDO 
and ESRO. ELDO, the European Launcher De
velopment Organization, was created by sev
en nations in 1962 to build a three-stage 
launcher (Europa I), able to place an 800-kg 
(1750 lbs) satel lite in a low orbit. Europa II is 
now under development. France supplies the 
second stage, the Coralie. It is also preparing 
a launch installation in Guyan and is in charge 
of the suborbital in-flight tests of the perigee 
and apogee motors (th e PAS system). 

ESRO, the European Space Research 0 
nization is a nine nation group. Cooperat 
is carried on through a techno logy center in 
the Netherlands, a data center in Germany, a 



unching range in Sweden and a research 
ooratory in Italy. Satellite programs include 

ESRO I and 11, Heos, TD-1 and TD-2. ESRO 
11, an astronomy satellite, was fired from the 
Western Test Range in California by a NASA 
Scout rocket, but failed to orbit. French in
dustry, based on the experience gained from 
France's national programs, has been granted 
more than 40% of the contracts awarded by 
ESRO. 

CNES also represents France in the European 
Conference on Telecommunications Satellites 
(CETSJ, the yearly meeting of the European 
Space Conference, the World Committee for 
Space Research (COSPAR) and the Interna
tional Telecommunications Satellite Commit
tee (INTELSAT). 

Bilateral cooperation includes projects with 
Greece, Mexico, the Soviet Union, Germany, 
Argentina, Canada, Spain, Great Britain, India, 
Iceland, Norway, and Pakistan. France has al
ways maintained a close working relationship 
with the United States. NASA launched the 
French FR satellite. CNES's agreement with 
NASA also provides training for French per
sonnel in the United States. Future coopera
tion is planned through an agreement with 
CNES for the Eole meteorological satellite. 

GROUND STATIONS AND CONTROL 
~ENTER : Africa, Canary Islands, Guyan, 

dnd France 
In 1965, France set up a network of tracking 
(Diane), and telemetry/ telecommand stations 
(Iris). Three telemetry and telecommand sta
tions are located in Africa: Pretoria (South 
Africa), Brazaville (Congo), and Ouagadougou 
(Upper Volta). Recently, a telemetry and tele
command station was added in the Canary 
Is lands. The new space center in Guyan also 
has a tracking station. The network operated 
during the 1966 launch of the Diapason satel
lite and has proved its successful operation 
on several missions since then. All stations 
are linked to the Bretigny Space Center. Tapes 
from the stations are processed here, then 
digital data analysis is done to calculate satel
lite trajectory and the scientific experiments. 
Much of the equipment used for calculation 
is of French manufacture. 

Working to record location and scientific 
data in each of these tracking stations are 
two Ampex FR-1400 instrumentation record
ers. One is a one-inch 14-channel version, 
and the other a half-inch seven-channel ver
sion. Fourteen-track versions are used to re
cord data from space probes. The seven-track 
machines are used for data from satellites. 

Data formats for the probes are normally 
FM/ FM, PAM/FM, and PDM/ FM which are 

ultiplexed for transmission to the stations. 
e satellite format is normally FM/ FM, PAM/ 

FM, and PFM or pulse frequency modulation. 
The more recent satellites and most of the 

A Benson-France X-Y plotter in operation at the Bretigny center 
uses an Ampex TM-4 digital tape transport. 

Diapason (D-1A) satellite in a simulation chamber 
at th e Space Cente r in Bretigny. 

future ones will use PCM with the word for
mat depending on the type of experiment to 
be run. 

At the CNES operations control center lo
cated in Bretigny near Paris, some 24 addi
tional Ampex instrumentation recorders help 
with the reduction of telemetered data and 
also in the development of satellite and instru
mentation packages. These recorders include 
an FR-1600, an FR-1800, seven FR-1400's, six 
FR-1200's, and one each CP-100, FL-300 and 
FR-600. In addition an Ampex TM-4 is used 
with a Benson-France X-Y plotter. 

At the space operations center, the data 

reduction section uses four of the FR-1400's 
to reduce te lemetry from the tracking sta
tions. Two of the recorders are ha lf- inch 7-
track, the other two are one-inch 14-track. 
Two of these machines (one seven and one 
14-track) are used to take a quick look at the 
data with a simple graphic recorder. The other 
two feed into a complex demodulator sys
tem set up with the various types of elec
tronics to match the telell")etry formats used 
for the data. At the output of this demodula
tor system an analog-to-digita l converter ar
ranges the data in digital format for final re
duction on the center's IBM 360/65 computer. 
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HEAD-TO-TAPE 
INTERFACE 
By M. Wildmann, Ampex Corporation 

INTRODUCTION. Sliding contact between 
magnetic heads and tape is present in all tape 
recorders in exi stence today. This sl iding con
tact is probably the one feature which has 
least changed since the introduction of tape 
recorders. It is also probably the area which 
gives the most concern to tape recorder de
signers and manufacturers, and the most dif
ficulty to tape recorder users. 

MECHANICAL CONSIDERATIONS. A bearing 
can be defi ned as an in terface between two 
surfaces in relative motion. If we accept such 
a definit ion of a bearing, the head-to-tape in
terface in a recorder is obvious ly a bearing. 
In order to reduce wear and friction in bear
ings, two methods are employed: 1) provide 
low shear strength material between the two 
surfaces, such as oi l in an oil bearing, or 2) 
rep lace th e sl iding contact by a ro ll ing con
tact, such as is done wi th ball beari ngs. 

Unfortunately, neither of these so lu tions 
is direct ly app li cable to the head-to-tape in
terface. Th e introduction of a lubricant be
tween the head and tape wil l result in separ
ation between them. The resulting spacing 
losses can not usually be to lerated, particu
larly if the recorded wave length is short. The 
recording process itself requires re lative mo
tion between the fixed fie ld in the head and 
the magnetic surface of the tape. Rolling con
tact between the two is therefore obviously 
out of the question. The head-to-tape inter
face is thus a particu lar interface in w h ich 
in timate contact between th e two surfaces, 
and relative motion between them have to 
exist at th e same time. 

To get a better understanding of how the 
interface under considerat ion rea lly behaves, 
it is useful to refer to Figure 1, w hi ch shows 
a head drawn to scale in the vici nity of the 
head gap with the tape in contact. From this 
figure it is apparent (when drawn to sca le) 
that the tape does not appear to be a ve ry 
flexible membrane. Four major parameters de
scri bing this interface wi ll now be examined. 

Pressure Between Head and Tape. The aver
age pressure between head and tape ca n be 
determined by examining th e tape itself as a 
free body and by neg lect ing bending stiffn ess 
effects in the tape. The bending stiffn ess ef
fects are usual ly sma ll. A free body diagram 
is presented in Figure 2, show ing the tape 
with a total wrap angle 8, and average gauge 
pressure p. Th e rad ius of curvature is R, the 
tension per unit wid th is T. In orde r to ba l
ance forces in the vertical direction, the in
tegra l of the ve rti ca l component of the pres-
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FIGURE 1. Head and Tape in Vicinity of Head Gap 

sure over the tape must be equa l to the ver
tical component of the tension, or: 

1~/~ cos <I> d <I• = 2T sin 8 /2 

/2 

.'. p = T/ R 

We th us arrive at the wel l known result that 
the pressure between the tape and the head 
is equa l to the tension per unit w idth divided 
by the radius of curvature. It should be noted 
that this pressure is independent of the wrap 
angle. 

Surface Asperities. Th e pressure between the 
head and tape just determined is the average 
pressure between the two surfaces. However, 
w hen two so lid surfaces are in contact, thi s 
idea l pressure can never be reached. Because 
of surface roughness on both members, only 
some points on th e surfaces w ill be in con
tact, and the entire load between th e two 
w ill be borne by these asperities. The high 
poi nts of the asperiti es w ill thus deform until 
an actua l area in contact wi ll be suff icient to 
carry the load. Th is actual area is a function 
of both the geometry of the surface asperiti es 
and th e ultimate strength of the material in 
contact. 

In the head- to-tape interface, it is impor
tant to keep the surface asperiti es smal l. Th is 
will distribute the load among as many sur
face asperiti es as possible and, even more 
important, not introduce undue head-to-tape 
separation . 

Fluid Lubricant Between Head and Tape. If 
the fluid film between the two surfaces is 
thick enough so that none or only a few of 
the asperi ti es actually touch each other, the 
pressure in the fluid is given by the expres
sion derived above. A lubri cant which is 
almost always present between th e head and 

FIGURE 2. Tape with Constant Pressure p 

the tape is the ambient air in which the tape 
recorder is operating. Air is not usually con
sidered a lubricant. However, the main char
acteristic of any lubricant is viscos ity. A ir, 
though much less viscous than liquid lubri
ca nts, sti ll has sufficient viscos ity to act as a 
lubri cant w hen the separation between th e 
two surfaces to be lubri cated is sma ll . 

Such is the case in the head-to-tape intr 
face. The radius of the head, the speed of t. 

tape, the tension of the tape are determined. 
If we assume that the transport is operating 
in air, then the air dragged into the interface 
wi ll give a separat ion of: 

h = 4.1x10-G R (U/T)% 

where h is the separation in inches, T the 
tape tension in pounds per inch of w idth , U 
the tape ve locity in inches per second, and 
R the head radi us in inches. Very few heads 
are actu al ly cylind ri ca l in shape, but in many 
heads ii- sharp co rn er is provided at the edges 
of th e head. In thi s case the head-tape separ
ation provided by the air fi lm can be ap
proximated by 

h = 4.1x 10-G r'h R% (U/T)% 

where r is the radius at the edge of the head, 
and R is the average radi us between the tape 
and the head. Both geometri es are shown in 
Figure 3. 

It is obvious from the two form ulas above 
that a small radiu s at th e edge of the head 
wi ll resu lt in a sma ll separation between the 
head and th e tape. This is the main reason 
that a sharp co rner is provided in the so
ca l led apex heads. Exam ination of the formu
las also shows that head-to-tape separat ion 
increases with speed. Thi s th e the wel l known 
increase in spacing Joss encou ntered in tape 
transports at high speeds. 

Elasti c Deformation of the Tape. The effects 
examined so far have assumed that, except 
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FIGURE 3. Cylindrical and "Apex" Heads 

for small surface asperities, the tape con
forms exact ly to the shape of the head. How
ever, tape is initially flat and has to be de
formed in order to conform to the curvature 
of the head. If a flat plate-and from an elas
ticity point of view, tape is a plate under 
tension in one direction-is bent, deforma
tions normal to the direction of bending oc-

' · Thi s, usually referred to as anticlastic 
.rvature, is shown schematical ly in Figure 4. 
This curvature results in a bending of the 

tape away from the head at the edge of the 
tape and of a forcing of the tape into con
tact with the head on each side of the tape, 
sli ghtly inward from the edge. This area of 
maximum contact pressure occurs at a dis
tance approximately equal to y'Rt from the 
edge of th e tape (t is the thi ckness of the 
tape, R the head radiu s). For a tape thickness 
of 1.4 mil s and a head radiu s of 0.3 inch, this 
di stan ce is about 0.020 inch. Most of the head 
and tape wear w ill thus occur in this region , 
and the usually encountered head wear, near 
but not right at the edge of the tape, is due 
to th is effect. 

The four items exami ned in detail shou ld 
give the reader an understanding of some of 
the mechan ical considerations to be taken 
into account in head-tape interface study. 
However, th e effects ca n not usually be sep
arated because th ey interact in various pro
portions in most head s. Thus, the entire load 
between the head and the tape may not be 
carri ed by the surface asperities since a cer
tain amount of air lubrication is always pres
ent. At the same tim e, due to the anticlastic 
effects occurring at the edge, a major part of 
the load may be carried by the edges, so that 
the pressure under the tape is not exact ly the 

~ derived above. 

MATERIAL CONSIDERATIONS. It is impor
tant to understand the mechanical aspects of 

Air Supply 

FIGURE 4. Section Across Tape Showing 
Anticlasllc Curvature 

Al• 
Lubricated 
Region 

FIGURE 5. Noncontact Head 

the head-to-tape interface so that the forces 
act ing between the two surfaces can be deter
mined and the effect of ambient air be ascer
tained. However, a major part of the interface 
is the interaction of the materials comi ng into 
contact. Thi s is sim ilar to the problem of two 
surfaces sliding in contact without lubricant. 
Unfortunately, this does not lend itself to 
analys is as do the mechanical aspects of the 
interface. Again, this is similar to the behavior 
of two so lid surfaces sliding in contact, where 
after severa l centuries of studies in this field, 
no complete understanding of two simp le 
materials in contact has yet been obtained. 
Study of this interface is therefore reduced 
to an emp iri ca l study of the behavior of ma
terials in contact, and the present ly used 
heads and tapes have been designed on the 
basis of continuously accum ulati ng empirical 
data. Such accumulation is, of course, helped 
by data on surfaces in contact gained in other 
areas where friction and wear studies have 
been condu cted . 

A program presently in progress at Ampex 
measures the wear rate of head materials 
under closely contro ll ed environmental con
ditions, i.e. , controlled temperature and hu
midity, as wel l as contro lled operating con
ditions such as tape ten sion and speed. Data 
thus obtained has shown that the wear rate 
of most materials is: 1) a linea r function of 
speed provided no air lubri cat ion effect is 
present; 2) a function of tension and of tem
perature which depends on the type of tape 
and head material ; and, 3) a very strong func
tion of humidity. High humidity always re
sults in high wear rates. At low humidity the 
wear rate may be low but, instead of ab radin g 
of th e surfaces, smearing tends to occur. This 
results in the so-cal led gap smear, in w hi ch 
the head becomes inoperative due to short
ing of the magnetic gap. 

The results described app ly to closely con
trolled laboratory conditions with presently 
availab le commercial tape. With different 
tapes, and if oxide is allowed to accumulate, 
conditi ons can be drastically changed. It 
shou ld be remembered that iron oxide par
ticles are very hard and therefore very ab ra
sive. A commonly used lapp ing compound, 
known as " jeweler's rouge," is nothing but 
iron oxide. 

Most tapes presently in use contain a lub
ricant within th e binder. The effectiveness of 
thi s lu bricant probably arises from the fact 
that it provides a low shear strength material 
between the asperiti es of the two surfaces in 
contact. Removal of this low strength material 
will thus occur before the asperities on the 
head or tape are deformed. After removal of 
thi s lubri cant, the normal wear process con
tinues until some more lubri cant is exposed. 
This effect red uces wear but does not com
pletely eliminate head wear and depends on 
some tape wear to supply lubricant. 

NON-CONTACT HEADS. Some wear will al
ways occur when two surfaces are in contact. 
One way of eliminating this contact and wear 
is to purposely introduce lubricating air be
tween the head and the tape. Heads, w here 
this is done with external ly pressurized air, 
have been fabricated and are shown sche
matically in Figure 5. 

Head -to-tape separation cou ld also be ob
tained without external ly supp lied air by use 
of the effect previously described. Such sep
aration would, however, be a function of the 
tape speed and tension. With an externa l 
supply, the supply pressure can be adjusted 
to make the separat ion independent of speed 
and tension. 

With the configuration shown in Figure 5, 
it has been possible to provide separation s 
of as li ttle as 5 microinches between head 
and tape with no measurable wear. Such sep
arations are intolerab le for extreme ly short 
wavelengths. However, wi th more efficient 
head des ign and higher output tapes possibly 
availab le in the future, such separations may 
be tolerable and sti ll result in an accep tabl e 
signal-to-noise ratio. In other appl ications 
where the long weari ng characteris ti cs of such 
a head are of prime importance, such an 
approach may be idea lly suited. 

CONCLUSION. Head-to-tape interface pres
ent in al l tape reco rders is fair ly we ll under
stood from a mechanical point of view. The 
materials problems associated with this inter
face are presently amenable only to empirical 
study, but w ith programs now in progress suf
ficient data may be available to at least predict 
w hat the effects of environmental changes will 
be. For some special app li cations where head 
wear is a major consideration, a non-contact 
head approach may be acceptable. 
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In our April 1967 issue, we described how Nebraska had set up a far reaching educational 

television network. Since then, we have learned about three other states that have chosen to bring 

similar statewide organization to their ETV efforts: New York, Georgia, and Delaware. 

WHY STATEWIDE ETV: 
Better Education for Everyone 
Each state network has followed a slightl y 
different path in adapt ing televis ion to its 
need s. But the ultimate goa l is the sa me: to 
bring the best poss ible education to all citi
zens in the state. Program s are broadcast for 
all leve ls of schoo l and co ll ege education, 
plu s in-se rvice training for teachers, the bu si
ness community, and public serv ice agencies. 

Successfu l educational television is made 
up of two basic ingred ients: good teaching 
material s and a flexibl e means of getti ng 
these materials to al l schools so they can use 
them when th ey need them. Videotape re
cordi ng has helped fill both these basic need s. 

For th e highest qua l ity master reco rding, al l 
the networks have chosen broadcast quality 
(quadruplex head) Ampex VR-2000, VR-1200, 
or VR-1000 videotape reco rders to produce 
their lesson material s. For di stribution , these 
recorders play back the material with the 
highest fide lity for direc t broadcast over th e 
air o r duplication onto closed circuit video
tape recorders (helica l scan) for local rep lay. 

Videotape reco rding simplifi es production 
of lesson material. It all ows scenes to be re
p layed and corrected immediatel y to be sure 
the material has th e right b lend of good 
teaching and good presentation. Editing elec
tronicall y further simplifies production allow
ing segments from many different sources 
(s lides, film, sti ll pictures) to be put together 
into a unified w hole. Updating either picture 
o r sou nd can be done easi ly, so that material 
is always current. 

Once captured in recorded form (whether 
loca lly produced or se lected from outside 
sources), programming can be broadcas t re
peatedl y during the week to match th e dif
fering class sched ules in schoo ls throughout 
the state. An added degree of flexibility is the 
ease w ith w hich individual schools can use 
th eir own lower cost videotape recorders to 
record a program from the state network and 
replay it to meet their needs. Thi s is especial
ly true in hi gh schools, where schedules are 
more complex and each class may have sev
eral section s. Schools also produce their own 
loca lly or iented p rog ramming, benefitting 
from some of th e sa me production capab ili 
ti es now built into the low cost helical scan 
reco rders that the networks have in th e studio 

machines. 
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One of four Ampex VR-2000 video tape re
corders used for monochrome and color 
transmissions at the Network Operations 
Center in Albany, New York. 

QUALITY AND PROFESSIONALISM: 
Need for Broadcast Quality Standards 
Th e need for profess ional ism and high quality 
is recognized by all state network s. Georgia's 
state superintendent of ed ucat ion , Jack P. 
Nix, sums it up thi s way: " Today's children 
have television as commonp lace at home; 
th ey enjoy it ; they believe w hat it presents. 
In the same manner that they learn to sing 
commercial jingles, they ca n be edu ca ted if 
th e TV presentation is as good o r better than 
commercia l programming." 

NEW YORK NETWORK: 
Potential Audience of 14.3 Million 
The Em pi re State's educational network is th e 
nati on's largest sys tem to connect indepen
dently owned and operated community tele
vision station s. It broadcasts on two channels 
simultaneously, giv ing each stat ion a choice 
of three programs: two from the net, or a 
third of its own. Th e netwo rk is programmed 
en tirely by th e sta tion s, but is admin istered 
and operated techni ca ll y by the State Univer
sity of New York. It was deve loped by the 
University and the NYS Office of General 
Se rvices both work ing closely w ith th e State 
Education Department and the stati ons. Th e 
broad casts o ri ginate mainly from a Network 
Operations Center in A lban y, although any 
station ca n orig inate programs for th e o th er 
station s. 

One of the two Ampex VR-1100 recorders (p lus 
a VR-1200) duplicates tapes at th e State Depart
ment of Education in New York. 

The netwo rk began its operat ion in Octo
ber 1967. It links stat ions in Buffal o, Schenec
tady, Sy ra cuse, Rochester, and New York. 
Binghamton and Watertown will be added 
soon. An eighth stat ion in Nassa u County wi ll 
be developed later. Th e present five station 
network has a potential audience of 14.3 mil
li on people and serves more than 80% o f 
the state's popu lation. 

Programming Policies. A program committee 
of seven representati ves (one for each station, 
p lu s two non-voting members from th e uni
vers ity and education department) se lects all 
programming for th e network. Each station 
retain s the option to broad cas t any program 
or not, or reco rd it for a future broadcast. 
Bes ides its wee kday daytime sched ule, th e net
wo rk broadcasts Uni ve rsity of th e Air courses 
on Saturday, and programs from N. E.T. and 
the Eastern Educatio nal Network each even
ing including weekends. Some l ive program
ming co nnect ing seve ral station s in town 
mee tin g sty le is also p lanned. 

Program Sources. A major source of edu ca
ti o nal material is th e stati ons themselves and 
the State Department o f Education , throu gh 
its Bureau of Mass Communi ca tion s under 
the direction of Dr. Bernarr Cooper. One 
the Bureau's most impor tant jobs is to su 
cop ies of tapes to the network and to the 
schoo l sys tems, reaching an estimated 1.6 mil
li on public schoo l students . Duplication is 



Demonstrating a test run on one of its two Ampex VR-2000's is Georgia Network Con trol Supe rviso r 
George Kirkley for Network Director of Engineering Harvey}. Aderhold. Two other Ampex machines, 
VR-1000C, at Network Con trol may be seen in the background. 

Part of th e nine VR-7000 and six VR-660's used 
to duplicate tapes at the Education Department 
in New York. 

supplied for the Ampex VR-660 and VR-7000 
v ideotape recorders located in the school s. 
Most of these schools have received financial 
assistance for their recorders and closed cir
cuit systems from a matching-funds program 
administered by the Bureau under Raymond 
W. Graf. 

Tape copies (ave raging 100 per week) are 
made from a library of more than 1500 pro
grams, including many complete courses. The 
Bureau also makes available duplicates of 
some 8500 titles from its audio tape library 
on request and for the minimum cos t of the 
audio tape raw stock. Duplicating of v ideo 
tapes is done by replaying them on a quac/
rup lex recorder, an Ampex VR-1200, or two 
Ampex VR-1100 's for recording on nine heli
cal scan VR-7000's and six VR-660's . Audio 
dup l ication uses an Ampex Model 3200 du
plicator with two slave units. New York State's 
experience seems to indicate cl ea rl y that the 
availabi l ity of software in th e form of usa bl e 
content material s makes poss ible th e systems 
approach to more learning opportunity. 

Network Operation Center. New York's Op
eration Center in Albany uses the most mod
ern tran smission and studio equipment avai/-

0'!. Videotape recordin g and playback is 
1e on four high-band VR-2000 reco rders, 

equipped for monochrome and co lo r. In ac/
c/ition, four VR-660 and four VR-7000 heli ca l 
scan recorders duplicate material for use by 

Ampex Model 3200 duplicator makes copies of 
audio tapes for New York schools. 

university campuses . For audio material , the 
network center has an Ampex PD-10 audio 
tape duplicator with three slave units. The 
two-channel color compatible microwave sys
tem connecting the station s allows origina
tion from any station or from Albany. 

On-Campus Systems. At the uni vers ity leve l, 
televi sion will be play ing an even larger rol e 
in th e future. Ten of th e four-yea r colleges, 
four uni ve rsity centers, and one two-yea r 
co llege are now planning extensive closed 
circuit tel evision facilities. Presently, fi ve of 
th e colleges each have two Ampex VR-1200 
recorders fo r local production , reco rding, and 
playback. A number of the co l leges are also 
equipped w ith VR-660 and VR-7000 helical 
scan recorders. 

GEORGIA NETWORK : 
Ten Interconnected Stations 
In a short two yea rs of operation, Georgia's 
ETV network has become th e largest inter
co nnected sys tem in th e country, w ith ten 
station s loca ted througrout th e state. In ad
dition to th e station s owned and operated by 
the Georgia Department of Education, th e 
netwo rk includes a station from th e Univer
sity of Georgia (WGTV) and th e Atlanta City 
Schoo ls (WETV). As in Nebraska, this means 
educational television in Georgia has the sta te 
ed uca ti on department, a university, and a 

Authentic se ttings for an upper grade music 
series are used by telecourse teacher Barbara 
Rustin in Georgia's "Our Musical W orld." 

Lis ten ing to th e audio on a music teleco urse is 
Georgia ETV Network Director, Lee E. Franks 
(rig h t). Recorder is one of th e Ampex VR-7000 
recorders used for dupli cating programs to one
inch forma t . 

public school sys tem al l providing profes
sional quality dai ly lesson material to every 
leve l of education . Georgia's system reaches 
some 920,000 students, 98% of the state 's 
total. 

Videotape reco rding has been of great im
portance in Georgia . With the exception of 
programming between 7 and 11 p.m. (which 
may be tape, film or live), everything on the 
network originates on video tape from net
work control in Atlanta. In total there are 17 
v ideotape recorders of many mode ls led by 
two Ampex VR-2000's in Atlanta. For remote 
work, the network has a mobile van with 
cameras and an Ampex VR-1000 recorder. 

Source of Programming. Georgia's Depart
ment of Education is respon sib le for about 
80% of the material broadcast on the net. 
Teleproc/uction is clone in the network studios 
in Atlanta, using th e high band VR-2000 vid
eo tape recorders. Lee Franks, Executive Direc
tor of Telev ision Services states: " We believe 
th at all in-school and teacher courses should 
be flawl ess. For thi s reason we have chosen 
to produce all of our material s on v ideo tape, 
w here we ca n see the results immediatel y 
and make any portion over if needed. " 

Quality of the network programming is re
flected by Georgia's rapid climb to one of 
the five leading producers of telecourse ma
terial in th e United States. Four of its se ries 
are now under contract for nati onal c/i stribu -
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Technician adjusts monitoring oscilloscope on one of the six 
VR-/OOOC recorders used by the De/aware ETV Network. 

Teleproduction of a program in the series Youth Forum , 
produced by the Delaware ETV Network . 

tion by the Nationa l Center fo r School and 
Col lege Television in Bloomington, Indiana. 

Describing Georgia's teleproduction meth
ods, Mr. Franks states: " It often takes us a 
year o r more to prepare an extensive series 
for use throughout th e cou ntry. I believe this 
is justified since each telecourse is broadcast 
severa l times a week and is likely to be re
peated over the years. Videotape recording 
all ows us to achi eve the highest quality. We 
regularly develop program segments w hich 
are later assembled w ith electroni c edi tin g. " 

Atlanta Control Center. Network headquar
ters is at the Control Center in At lanta which 
will soon move into its own $2-m illi on build
ing. Included in the new building are two 
studi os w ith full teleproduction capabi lity in 
color. All network transmission equ ipment is 
adapted to pass co lor. 

To service the helical scan reco rd ers in 
severa l of the school districts (VR-7000), the 
Contro l Center duplicates material in this for
mat. In its new building, it wi ll set up a regu
lar library and duplication faci lity in anticipa
tion of increased demand. To ass ist the many 
Georgia public schoo l systems interested in 
es tab li shing their own systems, th e network 
provides free eng inee rin g consultat ion. 

Teacher Ai ds and Training. To get the most 
from its programming, Georgia broadcasts 
daily after schoo l v ideo tape communiques 
for classroom teachers, Th ese show how to 
prepare the stud ents, give an ove rv iew of the 
objectives and content, and suggest how to 
corre late the telecourses with classroom fol
lowup acti v iti es. Printed course gu ides are 
also supp li ed for all co urses. Some are 320 
pages in length. Georg ia is very act ive in in
se rvice training for teachers as we ll as seve ral 
professional groups. Teacher to teacher con
tent cou rses include foreign languages, Eng
li sh, music, read ing and science. These range 
from 4 to 25 lessons, usually 30 minutes each. 
Other daytime programmi ng includes cu rrent 
events, management procedures, and medical 
self help, and a weekly report directly to 

public school administrators by the State 
Superintendent of Education. 

DELAWARE : Three-Channel System 
Reaches All Classrooms 
Delaware began its statewide ETV broadcast
ing in 1965 on a three-channel mi crowave 
and cab le network that reaches every public 
schoo l classroom in th e state. More than 11 0 
thousand students in 5600 classrooms receive 
te levision in all 207 Delaware schoo ls. 

Its primary goa l is to bring the highest 
quality of education to all Delaware students. 
Delaware differs from New York, Georgia, 
and Nebraska in th at it is basica ll y an instruc
tional televison network, linked together by 
microwave and ca bl e. Operating from a new 
resources center at Delaware State Co ll ege in 
Dover, the netwo rk transmitted some 10,000 
program units during its 32-week schoo l term 
in 1966/67. The schedu le in 1967/68 includes 
62 separate ser ies, including five in-service 
series for teachers. The network works closely 
with th e State Deparment of Education . It 
was financed entirely from state fund s. 

The network operates three channels si
multaneously, sending out an ave rage of 55 
instruct ional units each day. Expans ion to six 
cha nnels and transmission in co lor are planned 
for th e future. As in the o th er networks, the 
local schoo ls can elect to rece ive th e materials 
or not depending on their own sched uling 
and curriculum req uirements. Some pro.grams 
are repeated as many as 15 times each week 
to insure that all schoo ls have been cove red. 
About 70% of the program material is for 
grade schoo ls, about 20% for high schoo ls, 
and 10% for the co ll eges. However, the num
ber of broadcast ho urs for high schoo ls is 
much greater (about 65 to 80% of the total ) 
because high schoo l schedu ling is far more 
complex and requires more repeats. 

Nearl y all transmissions in Delaware are 
done in recorded form. William C. Lewis, 
Technical Service Director states: " We cou ld 
not begin to match the comp lexities of grade 

and high schoo l sched uling w ithout th e ab ili
ty to repeat mate rial s on demand for our 48 
schoo l districts." 

In add ition to graded inst ru cti onal mater ial , 
the network has an extensive program of in
service training programs for teachers. 

Program Sources. Programming philosophy 
in Delaware di ctates th at the best material 
w ill be used from either outside sources or 
its own studio productions. Principle outside 
sources are th e National Center for Schoo l 
and Co ll ege Televis ion in Bloomington, ln,,i · 
ana, and the Great Plains Library in Nebrac 
Delaware uses tapes from these sources in a 
quadruplex format playing them back on 
three of th eir six VR-1000C recorders. 

For production of its own material s, Dela
wa re has two stud ios, a sizeabl e number of 
backgrounds and props, six VR-1000C record
ers, and four image orthicon ca mera s. Pro
duction plans for 1967/68 include ser ies in 
English composition, plane geometry, litera
ture, and map reading, plus co nsumer bank
ing and a spec ial on inco me tax filing. 

Local Use of V ideotape Recording. Di stricts 
in the state are increasingly usi ng helical scan 
recorders (Ampex VR-7000) to replay local 
programs on a delayed basis. An unusual use 
for recorders has been fo und at the A lexis I. 
duPont school di strict in Wilmington . Here 
two VR-7500's reco rd se lected high school lec
tures and enrichment materials given during 
th e day. Students then come to the ed uca
tional resources center to replay the lectures 
at a time when their class sched ule permits. 

A parochial schoo l in Wilmington makes 
extensive use of v ideotape recording (VR-660B 
and VR-1500). It has tied team teaching and 
television together in an award w inning pro
gram of advanced instruction. The go lf coach 
at thi s school has used recording extensive ly 
in training hi s players and lead ing them to 
recent championship . He attributes hi s 
cess to the instant replay of his reco r 
w hi ch enab les him to show his p layers their 
strokes and putting during practice sess ions. 



SIGNAL TIME COINCIDENCE IN AN INSTRUMENTATION TAPE RECORDER 
By Ron Yo ung, Ampex Corpo ration 

A m ul t ichann el inst rumentati on ta pe reco rder ex
hib i ts so me predi ctabl e tim e di ffe rences betwee n 
· va rious data chann els. Th ese may o r may not 

ea probl em in a g iven ap pli cation depend ing 
. , n how accurate ly you need to cor relate t ime 

betwee n eve nts reco rded o n diffe rent chann els. 
lnterchann el timin g erro rs can be attributed to 
three main fac to rs: 1) Stat ic delays (s kew) cau sed 
by head manu factu ring to lerances and any gui d
ing mi sa li gnm en t of the tape path re la t ive to th e 
heads; 2) Dynami c de lays (also co mm o nly ca l led 
skew) caused by the tape transpo rt and the fl ex i 
bili ty o f the tape; 3) Static and dynami c delays 
caused by the e lectro ni cs. 

STATIC TIME ERRORS 
Th e major cause o f stat ic ti m ing erro rs in a mu lt i
chann el reco rde r is the manu factur ing to lerances 
of the heads. To i ll ustrate, take as an exa mpl e the 
speci f icat io ns of the In te r Range Ins trum enta ti o n 
Group (IR IG) fo r head design which fu rn ish the 
standa rds ad hered to by mos t tape reco rder manu 
factu re rs (I RI G 106-66, Secti on 6). 

Gap Sca tte r ............ . .. . 100 mi cro in ches 
Stack Spacing ... . ....•..... 1.500 ±0.001 in ch 
Head Tilt. . .. . . . .. .. ....... ±1 minu te o f arc 

Gap Scatter. A mult ip le track instrum entat io n head 
stack has a number o f individ ual heads (typi ca lly 
7 for a 1-inch stagge red head stack), in co rporated 
i n the stack. It is mechani ca lly imposs ib le to exact
ly ali gn th ese gaps, so the te rm gap sca tter refers 
to the actual to lera nce of ali gnm ent o f each o f 
these tracks in re latio n to a lin e th ro ugh th e mean 
posit io n of all gaps in the stack. Th e pos itional 
to lerance o f these head gaps w ithin a given stack 
is a ba nd 100 m icro inches in width. The wo rst case 
condi t ion o f t iming between two t racks wo uld be 
whe n the gaps in ques t ipn o n the reco rd head 
stack we re at o ne l im i t o f the to lerance whil e 
those at the rep rod uce stack we re at the oppos i te 

-1 of the to lerance band. Th is gives a wo rst case 
Jr of 200 mi croi nches betwee n two tracks al 

owi ng 100 mi croi nches in the record and 100 mi 
croi nches in the opposi te d i rect io n on the rep ro
d uce head. As a fi nal no te it should be stated that 
th is erro r is so mewhat rando m in occurence w i th
in a stack, and heads w ith the w ides t spaci ng o r 
erro r may occur adj acent to each other or at the 
opposite ends o f the stack. 

Head Stack Spacing. In o rder to achi eve the no r
mal reco rd in g densi ty of 14 trac ks fo r 1-inch tape 
(o r 7 tracks fo r 1/2 -i nch tape), it is necessary to 
pl ace hal f the heads, the odd numbered tracks, in 
o ne stack and the even numbered t racks i n a sec
o nd stack. Th is all ows suffi cient sh ieldi ng lo be 
provided betwee n t racks in the head stack to m in
imize undes irabl e signal cou pl ing and cross talk . 
The no rm al spacin g diffe rence between the odd 
an d even head stacks is 1.500 in ches w ith a to ler
ance of ±0.001 inch. This means that unde r wors t 
case co nd iti o ns (reco rd stacks spaced at one limit 
of th is to lerance and rep roduce stacks at the o th er 
l imit), adjacent odd and even tape tracks could 
be d isp laced from each other by a poss ib le 0.002 
in ch (2000 mi cro inches). 

Head Tilt. Thi s measuremen t and specif ication re
fers to th e d i ffe rence be twee n th e mean gap az i
muth of a g iven head stack and a line pe rpe nd icu
lar to the edge of the tape. In pract ice thi s may be 
caused e i ther by lack o f pe rpendicu lari ty between 
the head stack and base p late, or th e mi sa li gn
ment of th e tape path of the transport relati ve to 
the head. Th ese effec ts are di fficul t to separate 
and are usua lly tested as one measuurement. No 
attempt w ill be made here to sepa rate them . The 
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va lue permiss ib le under I RI G specif ica ti o ns is ±1 
m inute of arc o r a d istance app rox im ately 280 m i
croi nches across a 1- in ch tape w idth. Again thi s 
is an addi t ive specif icat io n. Th us in a wo rst case 
con diti on th is f igu re cou ld be doubl ed between 
reco rd and reprod uce head stacks . 

Time Dimensional Changes. Additional effects 
are caused by the inh erent characteri st ics o f the 
magnetic ta pe w hi ch are no t a fun cti o n o f head 
manu fac tur in g to lerances. The backin g of tape is 
an e las t ic materi al. As such, the d istance be tween 
any two po ints o n the tape depends o n the tape 
te nsio n to some extent. Thi s shows up pr imaril y 
as a change in the 1.5- inch gap-to-gap dim ens io n. 
Large tempe ratu re changes between the t ime of 
reco rd in g and rep roduci ng and un con tro ll ed lo ng 
te rm tape sto rage condit io ns can have the same 
effect. This tape te nsion effect is no t as significant 
as other head spacin g to lerances as its value is 
app roxi mately 240 mi cro in ches change across the 
1.5- inch head spacin g w ith a 1-o un ce tensio n 
change between the reco rd and reprodu ce pro
cess o n 1/i -in ch tape (1 mil back ing thi ckn ess) . A 
mo re signifi cant change is obse rved if th e te mper
ature is varied betwee n the reco rd and rep rodu ce 
process. Fo r a 50° F difference, the 1.5- inch spac
ing wi ll change 750 mi cro inches. 

An even mo re interes tin g change is obse rved 
if th e rel ati ve hum idity o f the air around the tape 
is va ri ed over its ful l ran ge between reco rd and 
reproduce. In thi s case, a re lati ve humi d ity change 
fro m zero to 100% wo uld vary the 1.5- in ch head 
spacin g by 1650 m icro in ches, mo re than al l o ther 
effec ts put together. These pheno mena, although 
se ld om considered, res ult fro m the physica l prop
ert ies of po lyes ter base mate ri als o f magnet ic tape. 

DYNAMIC CHANGES 
D ynami c skew and dynami c registry changes be
tween chann els are cau sed by runo u t of the tape 
tran sport, w hi ch is alw ays present to some deg ree, 
as we ll as tape guiding eccentri ci ti es, tape sl itti ng 
erro rs, and tape damage. While stati c skew can 
be all owed fo r and igno red to so me extent in 
th e data , dynami c skew is a ti me variabl e pheno
menon and thu s is mu ch more diffi cult to e lim i
nate. Th e o nly known method fo r minimizat io n 
o f th is is co ntro l of the reco rd and reproduce 
transpo rt gu idin g. Typi cal valu es o f dynami c skew 
o n a state o f the art bas is are 250 mi croin ches 
from reco rd to reprod uce across th e full width o f 
a 1-inch tape. Typi ca l tape transpo r ts of th e in 
strum entati o n va ri ety have a no rmal va lue o f 500 
microin ches. (The ze ro loop des ign o f the A mpex 
FR-1800 and FR-1 900 capstan redu ces th e dynami c 
skew to 225 mi cro in ches.) 

ELECTRONIC DELAYS 
The delay va ri ati o n be twee n chann els cau sed by 
the signal reco rd and reprod uce e lectroni cs are 
no rmal ly in conseq uential co mpared to th e me
chani ca l delays shown above. For instance, the 
t im e delay fro m a FM syste m wo uld be primaril y 
a functi o n of the reprodu ce fi lter. The typi ca l de
lay o f such a fi l ter fo r a 10-kHz bandpass (60 ips) 
wo uld be 62 mi croseco nds w i th a delay vari at ion 
o f o nly 1 to 2 mi croseco nds be twee n fi lters. Th is 
wo uld co rrespo nd to o n ly 120 mi croi nches at 60 
ips, we ll below the va lu es for mechanica l er ro rs. 

MEASU REMENT CO NVERSION 
In the prev io us discussion, d im ensio nal changes 
caused by heads and tape are exp ressed in two dif
ferent un i ts: linea r measurement in mi cro in ches 
and tim e measu rement in mi croseconds. The co n
version between uni ts can be easi ly made if you 
remember that a tape reco rder ru nning at 120 
inches pe r second moves tape 120 m ic roinches 
per mi crosecond . Th is wo uld mea n a lin ea r error 

of 240 mi cro in ches wou ld occupy 2 mi croseconds 
o f t ime at 120 i ps, 4 mi croseconds at 60 ips, etc. 

WORST CASE CON DITIONS 
Figure 1 is a co mpil ati on o f th e various skew con
tributi o ns in an abso lute wo rst case condition . It 
is div ided into 1) errors ca used by the tape di
mensio nal cha nge, 2) erro rs caused by transpo rt 
and head stati c erro rs, and 3) errors caused by 
transpo rt dynam ics. It should be noted that t he 
co ntri bu t io n o f the tape back materi al (po lyes ter) 
d ue to ex treme environm ental chan ges is approxi
mately as great as all o th er manufacturin g to ler
ances o n th e head assembly. Th e maj o rity o f these 
contr ibuti o ns are o f largest effect o n th e stack-to 
stack spacin g of 1.5 in ches, and thi s is th e real 
ca use o f m is reg istry p robl ems. 

In-l ine Heads. Th e minimi zat io n o f these erro rs 
by the use o f an in- line head assem bly can be 
i l lust rated by Figu re 2. Thi s is the same data as 
Figu re 1 w i th th e excep ti o n tha t the errors cau sed 
by the 1.5-inch spacing, th e to lerances on it and 
changes to it, are elimi nated by th e expedient of 
man ufacturing a head w ith all tracks in a singl e 
stack . Howeve r, man ufactur ing a sin gle in- line 
head stack with the same number of tracks as two 
stagge red head stacks crea tes two main p ro bl ems. 
Firs t, i t requ ires th at th e amo un t o f intertrack 
shi eld ing be redu ced. Th is in creases the cro ss talk 
be tween data chann els. Seco nd , the track width 
must be redu ced w hi ch cu ts th e signal-to-noi se 
rat io, sin ce it is impossibl e to make a full w idth 
t rack because there is o nl y a 20-mi l space be
tween them . Littl e o r no roo m remain s fo r shi e ld
ing, mou nting, o r wirewind in g. FM reco rding is 
desi rabl e w hen usin g in-line heads beca use its 
inherent signal limiting characteri stics help co m
pensa te fo r the in creased cross talk and redu ced 
signal-to-no ise ratio . Band w idth will be reduced 
w i th FM as co mpared to Direct, so th e trade o ff 
w i th dynami c range must be we ighed against thi s. 
A n altern ati ve to special in - lin e heads is to pu t all 
data needin g precise t ime co rre lati o n in the sam e 
head stack. 

Significance to User. What d oes th is m ean to th e 
use r of instrum entati on reco rd ers? In rea l te rm s 
if he is reco rding vibrat ion da ta o n different tracks 
of a recorder, the co rrelation availabl e be tween 
heads o n different head stacks may limit the us
abl e co rrelati o n frequ ency to below 1 kHz at 60 
ips. Two ways to get aro und thi s are to use in-line 
heads (with an FM reco rdin g techn iqu e, depend
in g on bandwid th and dynami c range require
ments) o r a method o f multip lex ing such as con
stant bandw id th FM w hi ch pl aces many data chan
nels on th e sa me tape track. On 1.5-MHz chan
nels, fo r instance, co nstant bandw idth reco rdin g 
may all ow at leas t 7 t racks of 20-kHz data w ith 
app roxi mately 40-d B signal- to -noise rati o to be 
put on the sa me data track, o r up to 49 chann els 
in the same 1-inch, 7- track head stack. 

Whil e th e va lues presented in the tabl e are 
wo rst case valu es, they do i l lu strate th e extent o f 
the prob lem . Even if it w ere poss ibl e to signif i
can t ly redu ce all the mechani cal co ntr ibuti o ns o f 
the tra nsport to the tim e m is registry of the data, 
th e environm ental probl ems related to th e tape 
coul d sti ll cause large amounts o f t ro ub le w ith a 
stagge red head arrangement. It wou ld appea r that 
the o nly so lu t io n fo r the use r w ho must have the 
u ltimate in regis try between data chann els li es in 
th e use o f in-li ne head assemb l ies w ith thei r in
herent drawbacks, in- lin e reco rdi ng o n th e sa me 
head stack of crit ica l t im e re lated data, o r a 
method o f m ultipl ex in g w hich p rese rves th e data 
reg ist ry of all chann els w i th in th e sa me track. 
O th er methods of electro n ic reg istry are possi bl e, 
bu t the cost is ext remely high. 
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FIGURE 1. Worst case skew for a staggered head assembly. Most errors are caused by the toler
ances related to the 1.5-inch stack-to-stack spacing. 

7. Oynamicskew 

FIGURE 2. Worst case skew for an in-line head assembly. Although it eliminates the major source 
of errors (stack-to-stack tolerances and dynamics) an in-line head has two drawbacks: 1) crosstalk 
increases beyond an acceptable level, 2) narrow (non-standard) track spacing is required, which 
reduces the signal-to-noise ratio, and makes the tape non-interchangeable. Recording all time
related data in the same staggered head stack is a commonly used al ternative. 
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A completely new instrumentation 

data system from Ampex, the company 

that started magnetic tape recording. 

The versatile, portable SP-700 lets you 

put your research on magnetic tape in its 

origina~ electrical form. You ' ll have up to 33 

channels of information, including your running 

commentary. You can repeat your experiment without 

repeating the work. Stretch data out or speed it up. Use 

your strip chart recorders more efficiently. 
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