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The Myriad Applications 
of Magnetic Tape 

Our objective for READOUT magazine 
has always been to describe some 

of the myriad applications of magnetic 
recording and related technologies. 

In this issue, we have surveyed nearly 
all of the uses .. . nearly all , because 

new ones are being devised every day, 
and we're sure to have missed some. 
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Drawing submiu ccl with patent app/icallon 
for Telc>graphonc br Valdemar l'ou/sen 

@ 196 7 AMPEX CORPORATION 

Th e science of magnetics, as applied to re
cording, is relative ly new but th e properties 
of magneti sm have been known for thou sa nds 
of yea rs. 1 Th e effects of natural and artificial 
magnets on iron have been the subjec t of 
expe rim ents and trea ti ses almost since th e 
beginning of recorded hi story. During th e 
18th and 19th century, Benjamin Franklin , 
Hans Christian Oersted , Clerk Maxwel l, Sam
uel F. B. Morse, and Thomas Edi son did much 
pioneering work o n th e relationship of elec
tri ci ty, both stati c and vo ltai c, to magneti cs. 
Almost surely, such th eoreticians contributed 
tu the brea kthrough by the Dane, Valde mar 
Poul sen . To him goes the credit for actually 
captur ing and reproducing sound th rough the 
o ri en tati on of magneti c domains by an elec
tri c current. Hi s fir st patents were obtained 
in D enmark in 1898 and th e United States 
in 1900. 

Th ese ea rl y dev ices, ca l led various ly th e 
Tel eg raphone ur M icruphonograph, were seen 
or iginall y as havi ng app li ca tion in teleg raphy 
and telephony. But, like the telegraph and 
telephone, th ey lacked one signifi cant fea
ture : amp lifi cat io n. DeFores l 's aud io detector 
and amplifi er of 1913 add ed the ches t and 
lung power lo th e vo ice box represe nted by 
th ese ea rl y magnetic reco rders. Experimen ts 
clur ing th e 20'> dnd 30's of depositing mag
neti c ox ide on va riou s media were being tri ed 
by experi menlers throu ghout th e wor ld . Oxide 
on paper tape was patented in 1927. Al so, 
w ire, stee l tape, di scs, drums, and even ru b
ber, were al templed as reco rding media. Paper 
tape even tually won out over o th er media but 
was it se lf soon supp lan ted by plasti c tape. 

r\\agneti c r ecordi1 1 ~ un pl<1 >lic ldpc was 
brought lo a hi gh level of deve lopment in 
Germany du rin g World War II. Afte r th e war, 
German i\ lagnelophon s we re demons trated in 
thi s cou ntry and Am pex began its own devel 
opmen t of a prec ision recorder for sound re
production, cu lminating in th e fir st profes
sional qualit y reco rd er, the Model 200, intro
du ced in 1947. 

Si nce that lime, magnetic reco rdin g's flaw
less abi lity lo rernernber sound has been ex
tended into pi ctures, events, temperature, 
vibration, se ismic di sturbances, numbers, and 
most recent ly, document s. 

1 For a more comp lete discussion of magnetics 
and recording see READOUT, Volume 3, No. 6, 
The 1 listor)' of Magnetism, from f\1ag1c to Mag
nf'tic Tape. 



broadcasting, recording, and space program communications 

THE NEED: Produce a device to capture sound, then play it back immediately 

with greater fidelity than possible before. 

Typical recording session using an Ampex MR-70 
master recorder. From the master tape a matrix 

ade from which phono records are stamped. 

Recording sound and music was the first of 
the myriad applications of magnetic record
ing and is still the most familiar one to the 
general public. Sound recording began with 
Thomas Edison's acoustical horn, then pro
gressed through electrically amplified disc 
recording to magnetic recording. 

One of the very Ii rst uses of magnetic re
cording was by radio stations to replace disc 
transcription s. Transcriptions allow stations to 
broadcast national programs at a time most 
suitable to the listening audience in each 
time zone across the country. However, the 
111arginal sound quality, difficulty of editing, 
and the short life of disc transcriptions was 
always a proble111. Magnetic tape filled the 
need with i111provecl fidelity and thousands 
of replays without loss. It also added the im
portant new advantage of instant playback of 
the tape during program production for a 
quality check and editing. 

Philco 's Radio Ti111e , starring Bing Crosby, 
was the first progra111 to be transcribed on 
111agnetic tape. Crosby, interested in i111prov
ing the fidelity of hi s broadcasts, learned of 
A111pex's plans in 1947 to sell a professional 
magnetic recorder. After a successful cle111on
stration, Crosby financed production of the 
fi ' 14 units and placed some of th e111 in th e 

;can Bro~.clcasting Co111pany studios. He 
then i111mecliately made arrangements to have 
his company, Bing Crosby Enterpri ses, Inc. , 

Gemini Control Center in Houston with Ampex recorders and duplicators are 
used to prepare sound and written transcripts of Gemini voice communications 

become Ampex's first sales distributor. The 
re111aining recorders were placed in key net
work stations in the four U.S. time zones so 
that each broadcast would retain the live 
quality of the original tape. Cost of the equip
ment and magnetic tape was considerably 
less than that for disc transcriptions. But of 
greater importance, with magnetic recording 
the job of rendering the Philco show beca111e 
111uch si111pler. The tape could be stopped 
and started at will; it could be cut, spliced, 
clubbed and re-recorded without affecting 
the quality of the final result. The program 
director found that he could lift a sequence 
from one show where for some reason it 
didn' t fit, and drop il into another show at 
a later date. All this could be done so quickly 
that it beca111e possible to produce several 
shows in one week giving everyone a rest. 

Master recording for phonograph records 
was another early use of magnetic recording. 
Here the superior fidelity and the instant 
playback feature were of such importance 
that almost immediately magnetic tape was 
adopted for all master recording for phono
graph records. Besides instant playback, the 
longer playing time offered by 111agnetic re
cording 111eans that in longer musical selec
tions the orchestra doesn't have to stop so 
that a disc can be changed. 

As for other uses the first A111pex recorder 
and its successors have been put to, even a 

simple listing would fill this entire issue. We 
have chosen a recent application from ·the 
space programs to serve as an example of the 
reliability and the sound fidelity of audio re
corders today. 

" Now . .. recorded news from Gemini" 
By now, most of us take as commonplace 
our ability to hear the voices of the astro
nauts and ground control during space flights. 
Helping to make this possible is the Public 
Affairs Office at NASA's Manned Spacecraft 
Center in Houston. Here, eleven Ampex pro
fessional audio recorders and five tape dupli
cators have the pri111e responsibility of ser
vicing the news media covering the mission. 
Every word of air/ground communications 
between the astronauts and the ground con
trollers or CapComs is recorded in Real time. 
Most of the ti111e either simultaneous live re
lease or five-second delayed release is made 
to the radio /TV networks. A separate record
ing in five-minute segments is made for rapid 
typed transcription. Also, it is simu ltaneous ly 
voxed on another bank of recorders to elimi
nate dead air in those portions that are re
quested for later dubbing and distribution by 
various segments of the news media. The 
original, non-voxed masters are maintained as 
a permanent historical record. These record
ers operate 24 hours a clay during the entire 
mission. 
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Recorders Go Scientific 
Pinning down the exac t time when the ea rl y 
audio recorders were first used to reco rd data 
is not easy, but it seems to have been quite a 
bit ear li er th an many of us would have imag
ined. Th e first instrumen tati on recorder was a 
modifi ed Ampex Model 301 audio recorder 
with the seria l number 191. It was delivered 
to th e Pa cific Missile Range at Pt. i\\ugu, Cali
fornia (which at that time was cal led th e 

aval A ir Missi le Test Center) in November 
1948 for use by Raytheon Corporation in re
cording some of the early tests on such mi s
siles as th e Lark and the Spiro. 

The capabi liti es brought to data recording 
by Old 191 and its successors are impressive. 
Perhaps most important, magnetic record ing 
is a dynamic storage medium offering a very 
wide frequ ency and dynamic range with low 
inherent distortion. It preserves data signal s 
in their origina l electri ca l form permitting 
later analys is by the mo5t simple manual de
vices or the most compl ex computers, as re
quired by the actua l test or experiment itself. 

As with audio reco rders, data on tape is avail
able for immediate play with no time lost for 
processing. Tape offers multi-channel record
ing with th e ability to record many million 
data points on a single channel of tape. Final
ly, tape provides something which no other 
medium can, the ability to slow clown or 
speed up th e data to match it to the require
ments of data process ing eq uipment. 

In the instrumentation field , any measur
able phenomena, such as those occurring in 
electricity, mechanics, hydrau li cs, or physiol
ogy, can be reco rded on magnetic tape. Just 
as the instrum ent panel in your automobile 
tells you th e con dition of th e motor, genera
tor, gas tank, and other parameters, so th e 
test engineer records thi s informa tion so that 
he can compile and analyze the actual perfor
mance of a unit under test in a wide variety 
of changing conditions. With multi-channel 
magnetic recording, parameters such as tem
perature, acce leration, vibration, shock, or 
altitude, can be monitored simu ltaneously to 
see the affect of one upon the other. 

In aircraft and missile testing, the first area 
where recording was used for data recording, 
the sheer quantity of data is truly staggering. 
In the ea rl y days of flight tests, the pilot 
would read the instruments on his control 
panel, noting hi s observations on a pad 
strapped to hi s knee. As design techniques 
were refined, tes t engineers needed more and 
more data. Measurements were first brought 
to meters mounted on a panel which was 
photographed by a motion picture camera. 
Later, graphic recorders using pen and ink or 
oscillograph traces on photographic film per
mitted continuous recording of high frequ en
cy information such as vibration and flutter. 
Many of these techniques are still in use, but 
th e demand for even more measurements and 
more rapid analysis lies behind th e growth of 
magnetic tape instrumentation. 

Today, instrumentation recording is widely 
used for telemetry (from sa tellites, missiles 
and aircraft), static testi ng, radar and radi 
transm iss ions, physiological data , and indus
trial environmental testing. 



NASA/JPL's 210-foot tracking and communications antenna 
now in use will extend man's radio range co th e outer limits 
of our solar system. Energy as weak as one-billionth of a 
billionth of a wait can be received by this new antenna. 

Man's fi rst pictures from Mars were recorded here at th e Jet Propulsion 
Labo ratory, on two of the Ampex FR-1400 recorders at th e right. Primary recording 
was done simtJltaneous/y by two o ther FR-1400's at Golds tone Tracking Station. 

')Id 191 , the original instrumentation recorder, 
n a photograph taken on its tenth anniversary 

in November 1958, when it was sti/J in use at 
Pt. Mugu, California. 

Man's Firs t look at Mars: Pictures from 
Numbers from 135 Million Miles Away 
Magnetic tape is a primary data acqui sition 
technique for reco rding telemetered informa
tion radioed back from satellites and probes. 
In general, this information is divided into 
three categories: The first is engi neering or 
housekeeping data about the performan ce of 
the satellite itse lf, its temperature, th e condi
tion of its batteri es, th e position of its anten
na. Th e second is th e scientifi c data w hi ch is 
th e object of the mission: pictures of the 
moon, data on the surface of Ven us, rad iat ion 
belts in space, or the physical condition of an 
astronaut 100 miles above the ea rth . The thi rd 
is command data used, for examp le, w hen 
instrum ents w i ll be turned on or direc tion 
changed . 

A dramatic examp le, perhaps surpassi ng 
even th e recent pictu res from th e moon, was 
the Mariner IV pic tures telemetered from 
Mars, a project of NASA's Jet Propulsion Lab
o rato ry in Pasadena, Ca lifo rni a. Consider w hat 
had to take place for man to get hi s first close
up look at Mars. First the spacecraft made a 
seven and one half month, 350 million mile 
trip and stayed unerringly on its course . Its 
ten-watt transmitter (one hundred th to one 
five-thousand th of th e power of your loca l 
television sta ti on) sent back intelli gib le data 
from a distance of 135 to 155 million mil es 
(in a direct line) from the earth. At a poin t 
20,000 miles from Mars, it was commanded 
from the earth to switch on its cameras. Then 

at 10,000 mi les from Mars, the now famous 
picture taking began. Since the spacecraft was 
at that time 135 million miles in a direct line 
from th e earth, the first signals, even though 
trave l ling at th e speed of l ight, took 12V2 
minutes to arrive at JPL's Go ldstone Track ing 
Station in California. 

At Go ldstone, the data was reco rded on 
magnetic tape in the form of a six digit code 
of O's and 1's (binary bits). These represented 
a sca le of 64 different light levels in digita l 
form taken by the camera as it scanned the 
surface of Mars. Each picture conta ined nearly 
a quarter of a million bits, and took eight 
hours to transmit at the slow tran smission 
rate used. Th e coded data was reco rded on 
two Ampex FR-1400 inst rum entation record
ers, redundantl y on two tra cks of each re
co rd er. Simultaneous back-up recording by 
means of mi crowave link was done on two 
more FR-1400's in Pa sadena at th e Jet Pro
pulsion Laborato ry. Additional tracking sta
tions at Johannesburg, South Africa, Madrid, 
Spa in and Woomera, Australia, provi ded ad
ditional backup. Af ter computer processing, 
th e result was 21 close range portraits of the 
mysterious surface of Mars plus data to deter
mine if Mars has a magneti c fi eld, and its 
atmospheric density. Rece iv ing and recording 
all 21 pictures took approximately nine days. 
The pictures covered 288,000 square miles 
wi th detai ls 50 times larger than that which 
had been viewed telescopically. Details as 
small as two miles wide were vis ible. 
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Te levi>ion reco rdi ng in a com111erc iall y ac
ceptab le form d idn' t ex ist at all at one po int 
in ti 111e and an instant later emerged fu l l 
grown to as to und the wor ld . Reco rd ing pi c
tu res had been tr ied fo r severa l years af ter 
the introducti o n o f sound recorders in th e 
late 1940's. Th en in 1956, Ampex climaxed 
a four-yea r top secret enginee ring p ro jec t by 
i11trodu cing its VR-1000 Video tape Recorder. 
Thi s reco rd er immedi ately became a kind o f 
sc ience fi ction tim e machine th at eli111in ated 
th ose tim e zone lines on th e map o f North 
A meri ca. Follow ing it s sta rr ing ro le as a ti me 
111 achine i t stepped into its o th er 111a jor ro le, 
th at o f a teleproducti on device. For th e first 
tim e th e broadcas ter and p rogra m p rodu ce r 
had an elec tro nic device for an elec tron ic 
mediu111 . It reco rded pi cture> and sound elec
tronica ll y and, mos t i111por tan l , pl ayed th em 
back an instant later w ithout deve lopnlC'nt or 
p rocess ing. Several i111po rtan1 accesso ri es fo l
lowed, th e most signifi ca nt probabl y bein g 
elec troni c editing, w hi ch permits spli ce less 
fra111 e by frame editing fo r p rog ram assembl y 
and an imati on ef fect s. 

Th e grow th and uses of th e video tape re
co rder in b roadcas ting have grown as tele
vis io n has grown. Today, videotape recorders 
de li ve r app rox imately hal f th e te lev ision pro
grams yo u wa tch o n your rece iver. In pa rt icu
lar, th e recent upsurgence of co lor has been 
parall eled by th e deve lopment o f hi gh band 
reco rdin g and the dLLeptd11 ce of th e Ampex 
VR-2000 and VR-1200 high band reco rd er'>. 
High band recording has no t on ly imp roved 
co lo r, but perhaps o f more sign if ica nce, ii has 
permill ed producti o n co 111pani es an d b road
cas ters to make multi -generation tape copies 
w ith no loss in quality so that th ey ca n guar
antee master quality in all 111 arkets. 

"uc/10 control room d uring color tcleproclucLion 
ol the L11vrencc Welk show on /\mpcx \IR-2000 
recorclcr.1. 

the 
miraculous 
time 
machine 

The Isolated Camera : How to be a 
Monday Morning Quarterback on 
Saturday Afternoon 
Th e now famili ar phrase, " Let's look at th at 
play o n th e iso lated ca mera" has allowed all 
o f us to become Monday mo rning quarter
ba cks on Sa turday afternoon. Widely used in 
footba ll and baseball telecas tin g, the secre t to 
th e iso lated ca mera technique is in real i ty th e 
vi deo tape recorder. Network football b road
cas ters bega n severa l years ago pl ay ing back 
reco rded highli ght s o f th e gam e during half 
tim e and immediately foll owing th e ga 111e. 
Th en in th e 1964-65 season the technique was 
ex tended as th e so-ca ll ed isolated ca mera. 

In ac tu al p rac ti ce th e ca mera 111ay o r may 
no t be iso lated. In foo tba ll , o ne of fou r o r fi ve 
telev isio n ca meras cover ing th e game is as
signed to fo llow th e di rec ti on th e ball is mos t 
l ikely lo take. It 111ay key on a fl anker, a run 
ning back, o r an encl go ing clownfi eld fo r a 
pa ss . A fo r111 er foo tball pl aye r o r kn owledg
ab le spor ts wri ter is ass igned to second guess 
th e quarterback and anti cipate th e type o f 
pl ay to be ca ll ed . In baseball th e principl e is 
si mil ar. Th e iso lated ca mera w ill co ncentrate 
o n th e man on first w ho may stea l second, 
w hil e mai n ca meras fo llow th e pitcher and 
batt er. 

What fo ll ows is a un iq ue 200 111 -i n look at 
th e hea rt of th e p lay. To reco rd th e iso lated 
Ld merd cuverdge, brudd Ld'> ter; may either u;e 
a po rtabl e tape reco rder on site at th e stadi 
um, o r th ey 111 ay feed th e ;so lated ca mera 
signal back to th e stud io and reco rd it th ere 
on a second reco rder (in additi o n to th e o ne 
th at is reco rdin g th e entire ga me) . In either 
case, an operato r simpl y run s th e tape back 
to th e beg inning o f th e pl ay and stand s by fo r 
th e spo rtscas ter to ca ll fo r an instant replay. 

Thi s added d imension o f telev isio n spo rts 
v iew ing is a log ica l ex tension o f th e inherent 
ab i l i ty of v ideo tape recorders to repl ay pro
gra mm ing im mediately. O ri ginall y th ought o f 
p ri111ar ily as an adva ntage in produ cti on of 
televisio n materi al, instant repl ay has now be
co me a standa rd fea ture in almos t all foo tba ll 
and baseba ll b roadcas ting and w ill likely be 
ex tended to additi onal spor ts in th e future. 

THE NEED: 
Develop a device that reco 

both picture and sound to 
provide television with instant 

playback in producing program 
material and original quality 
tape copies so that everyone 
can see national programming 
at the same time in each 
time zone. 
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more learning for millions 

THE NEED: Produce a low cost, easy to operate device to replay instructional material on a 

flexible schedule, provide better quality and uniformity of instructional material, spread 
the time and talents of teachers to reach more students, and present close ups for 
an entire group of people to see without crowding or loss of attention. 

UNIVERSITY OF NEBRASKA 

Mobi le television p roductio n van used by KUON 
at Universi ty o f Nebraska fo r on-site recording . 

A chemis try experiment cap tu red 
on video tape. 
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Producing an industrial training 
tape at Eastern Airlines. 

Watch ing a shake table via television 
during environmental testing. 

New Communications Tools 
Magnetic recording as a com mun ica ti o ns tool 
for instructi o nal purposes is a relati ve ly new 
but logical outgrowth of th e uses of tel ev ision 
and audio reco rd ers for broadcasting and re
co rdin g. Th e real ca talys t has been th e intro
du cti on of lower cost, eas ier to operate, v i
deotape recorders w hi ch enable school s and 
indu stry to produce th eir own instructional 
material s and exchange materials w ith other 
institution s. Production of specialized train
ing tapes is si mpler and cheaper th an film 
production. Obso lete tapes may be updated 
or erased and reused hundreds of times. 

App li ca tion s of tap e reco rders in instruc
tion are manifold. Uni ve rsiti es, secondary and 
grad e school s use v ideotape and audio re
corders for recordin g and playing back the 
instructional programs made in th eir own 
studios or aired by educa tional tel ev ision 
station s. Th ey record and anal yze cl ass room 
acti vities. Th ey play instructional tapes bor
rowed from centra l ed uca tion al librari es . The 
co urses include mu sic, art , sc ience, enginee r
ing, phys ica l trainin g, physica l th erapy, spo rts, 
voca tional co un se ling, and ed uca tion . 

Industry, too, is turnin g more and more to 
magnetic recording for the task of trainin g 
and in creas ing employee effi ciency. Produc
tion workers, sa les peopl e, maintenance and 
operations personnel, sw itchboard operators, 
airline stewa rd esses; th ese are a few examp les 
of th e man y groups now receiving training 
with the assistance of magnetic recording. Pre
reco rded demon stration s or proper job pro
cedures are show n to employees at any tim e 
w ithout dark ening th e room , and in many 
cases at the employees own wo rk station. Or, 
a trai nee is reco rd ed performing a ta sk, th en 
given an opportunity to see how we ll he did. 

Medicine also has wi dely benefited in va r
ious ways from magneti c reco rdin g. Fluoros
co py recorded on v ideo tape recorders shows 
a moving X-ray picture. 1,sychi atri sts record 
patient interv iews. Deli ca te operat ions are re
corded for study of surgica l techniques. Hos
pital s tape public hea lth and post partu111 
progra ms fo r patient viewing. Th e military 
uses magnetic recording for a va ri ety of train 
ing functions ranging from land ing an air
plane on an ai rc raft ca rri er deck to assemb ly 
and d isassemb ly of th e common rifl e. 

Nebraska Goes Statewide with Television 
With th e increas ing exchange of taped in 
struct ional material between schoo ls and in -

Telephone operators at the New 
England Telephone and Telegraph 
Company receive trainin g d uring 
slack times via video tap e. 

dustrial facilities, standardization has beco me 
J very important fa ctor. An illu stration of how 
one organization has attacked the problem 
on a statew ide leve l is Nebra ska 's educational 
television network . Extending to al l leve ls of 
academic and adu lt education, Nebraska's 
network arose from a fi ve-yea r study wh ich 
es tab li shed the now commonly accepted fa ct 
that telev ision helps teach ers teach better. 
Precedin g th e formation of th e netw ork, sta
tion KUON at the University of Nebraska, one 
o f th e original educationa l television station s, 
now se rves as th e hub and pri 111ary produc
tion center for th e entire sys tem. During th e 
past yea r, KUON produced approximatel y 400 
taped program s for instructional and non 
instru ction al broadcast. In addition , since mid-
1966, 105 tapes were produced using the new 
mobil e production va n built and equipped 
by Ampex. 

By late 1966, five stat ions in a planned 
seven-s tation netwo rk were in operation. On 
elementary and secondary leve l, 34 courses 
an d co urse guides are broadca st to kinder
ga rten through hi gh school in some 217 pub
li c and pri va te school s with over 107,000 
students. Additional in -se rvice programming 
keeps teachers abreast of the latest curricu-
1u111 and method s. 

On the uni ve rsity leve l, al l 24 of th e Ne
braska higher educationa l institution s share 
expert in st ructors and specialized teaching 
aids by means of program s on magnetic tape. 
Subject matter extends through al l academic 
di sc iplines: lan guage, math , sc ience, humani
ti es, medic ine, nursing. 

Part of th e overall complex in Nebraska is 
th e Great Plain s In structional Television Li 
brary, largest in st ru ct ional telev ision exchange 
center in th e wor ld , w hich provid es tap ed 
materials not only for Neb ra ska but th e en
tire nati on. In 1966/67, thi s pioneer faci l ity 
booked over 6,400 lesson units to educa tional 
institution s throughout th e country. At thi s 
tim e, Great Plain s has 77 complete co urses 
and teacher guides. 

Nebraska 's success in bringing statew ide 
organiza ti on to its instructional telev ision is 
bei ng echoed by similar networks in th e 
neighboring states of Kansas, Co lorado, South 
Dakota, Iowa, and Missouri . Poss ibl e inter
connec ti on between th e nearby state net
wo rks is now under study. In other parts of 
the coun try, New York and Texas have estab
li shed similar statewide netwo rk s. 
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GABRIEL MOULIN . SF 

computer language on tape 

THE NEED : A large capacity memory to store more information than punched cards or 

paper tape, and then read the stored information out fast enough to match 

the high computation rate of digital computers. 

capture the kids on tape 

THE NEED: 

Provide simpler, less expensive versions 

of professional audio and video recorders 

for use in the home. 

Computer control console of weather forecasting system. 

Sound & Video Recorders for the Home 

In th e years following development of pro
fessiona l audi o and video recorders, sca led 
clown and simp ler versions of these machines 
were being adapted for the home market. 
Initia l ly quite expensive, they arc now being 
produced at a cost that will soon make it 
practical for many families to have a com
p lete home enter tainm en t system. Besides th e 
familiar audio recorder for replaying stereo 
tapes, recording FM stereo broadcasts, chil
dren's voices, and the loca l teenage r 
the most intri guing part of a home ente 
ment system is the videotape recorder. With 



Ferrite co1es during lhe 

early stages of manufacture 

Fresh from its success in sound, te lev ision, 
and instrumentation recording, magnetic re
co rding, in the form of tape and ferrite cores, 
was next put to use to record digital codes 
for computers. These codes arc made up of 
numbers, letters and other characters in the 
" 0 "/"1" or binary language of digital record
ing. Binary language was chosen when com
puters were being converted to electronic 

'Ill from their mechanical predecesso rs clur 
, the 1940's since electronics is basically a 

two state system: positive and negative. In 
electronics, a change can be made from a 
positive to negative state millions of times a 
second, so the advantage of devi sing a two 
state numbering system which could take ad
vantage of this speed is obvious. 

At first, computers were used primarily to 
solve scientific prob lems. In fa ct, they were 
originally ca l led electronic brain s. (A better 
name today would be an electronic accoun
tant , inventory control sys tem, or records cen
ter. ) They solved complex equations on the 
motion of heavenly bodies, the structure of 

these recorders you ca n make imtant home 
movies for playback through your televsion 
receiver. Horne videotape recorders now re
cord and reproduce black and white pictures; 
they will soon be extended to color record
ing. Besides home movies, television pro
grams themselves can be recorded and played 
back with the home video recorders. Some 
immediate uses for th ese new devices are re
cording program s off the air for viewing at 
a later time, prese rvin g programs for a per
manent file, practicing business and school 

entations with instant rep lay to check on 
r manner and approach, and making your 

own visual history books with family scenes. 

The Videotape Recorder 1n u'e in the home 

the atom and other studies in higher physics 
that would lake ten s or even hundreds of 
years for trained human brains to so lve. But 
gradua lly, they came to be used more and 
more by business, finance and industry. To
day, they perform their sorting and computa
tional feats for banking tran sactions, payroll s, 
weather prediction , insurance records, and 
address label s for magazines (to name a few). 

Magnetic recording, both tape and ferrite 
core, was adapted to computer usage because 
it can store more information (has a higher bit 
packing density) than paper tape or punched 
cards. Equally important il can read and write 
this information faster than other storage 
devices (has a higher transfer rate). Access 
speed, another key parameter, is especially 
fast with ferrite core memories, which Ampex, 
with its experience in magnetics, has devel
oped in parallel with its tape memories. Core 
memories are used for shorter term storage of 
characters and numbers during the actual 
computation itse lf. They can read and write 
in a random mode at microsecond speeds in 
contrast to magnetic tape where random ac
cess in the larger memories can be limited by 
th e serial recording format which may require 
end to encl search of the tape. 

As digital computers them se lves have be
come faster and fa ster, magnetic devices and 
magnetic tape have been developed lo match 
their higher speeds. In the case of tape mem
ories, severa l yea rs ago 200 characters per inch 
was considered to be the maximum amount 
of information that could be packed on a 

Typical compu ter room in a manufacturing 
facility where pavroll recorcl.s, inventory, 
and re/alee! informalion i.s handled. 

piece of computer tape. Before long this was 
rai sed to 560, th en lo 800 cpi. Newer systems 
now operate at 1600 cpi. 

Freeing the Computer for Computing: 

Media Conversion Systems at Work 
As speeds have increased, so have the size, 
complexity and costs of operating digital 
computers. Wherea s a magnetic tape recorder 
can feed a digital computer at a speed ap
proximating it s maximum speed, much data is 
still retained in the form of paper tape and 
punched cards. Th ese cards and tape mu st be 
so rted and read by peripheral equipment 
which operates al relatively low speeds. Out
put of thi s peripheral equipment is commonly 
a magnetic tape in the properly coded format 
to be feel directly into a computer at high 
speed. In some cases, a small er supplemen
tary computer is attached to some peripheral 
ca rd so rting and paper tape reading devices 
to prepare thi s input tape without tying up 
the main frame computer. 

A recent so lution lo this problem is Am
pex 's media conversion sys tem s. One type 
converts the data on punched cards lo com
puter ready format on magnetic tape. Another 
type converts data on punched paper tape to 
magnetic tape. In either case, the entire con
ve rsion is clon e off-line by a relatively low
cos l device without tying up the computer 
it se lf. Input speeds lo th e computer can be 
increased by about 120 times for paper tape 
and 1 to 3 limes for cards. 
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syst~e~ from whkh docu~ent~ - ~an ~e retrieved i~ ~ ' matter 
. . .. nea~by · or -distant location' and compress . the entire .system 
so ~ tf1atitpccupjes _:~ fraction of the space required for conventional fifes. 

A Vidcofile system operating console for 
filing dnd retrieving transportation waybills . 



Television Meets the File Cabinet 
After the development of th e vi deotape re
corder and v ideo accessori es w hi ch enabl e 
frame by fram e editing, recordin g documents 
on magneti c tape was the next log ical step. 
Thi s revolutionary new deve lopment is call ed 
th e Videofil e* Document Filin g and Retri eva l 
Sys tem . The first sys tem has been deli ve red 
lo M arshall Space Fli ght Center in Huntsvill e, 
Al abama. Addition al sys tems are now being 
deve loped for Southern Pa cif ic Rai I road and 
th e Bell Tel ephone Laboratori es. 

In telev ision , pi ctures are crea ted by a spo t 
whi ch moves ac ross th e television sc reen lo 

reate lines. Th e number o f lines in the pi c
ture determ ines readability . With a Video fi le 
sys tem a television cam era or sca nner photo
graph s each document and reco rds it elec
troni ca ll y o n tape as a telev isio n p icture o r 
image. Each pi c ture occupi es o ne telev isio n 
frame. 

With th e Video fil e sys tem, th e ac tual docu
ment image itse lf is recorded : no tran slati on 
into di gital computer language is necessary. 
Once fi led , retri evin g th e documents is qui ck 
and easy. It ca n be reproduced as a p rinted 
*TM AMP E X CORPORATION 

Ove rall view of a typical Video/ile sys tem . 

page (hard copy) o r v iewed o n a television 
screen (a sof t copy). Th e ave rage t ime to f ind 
a docum ent in a typi cal Video fi le sys tem is 
less than one m inute. Docum ents may be 
v iewed simultaneously at many loca tion s and 
kept up to date w ith the pu sh o f a button. 

Especiall y impo rtant, no docu ment is eve r 
o ut of th e fi le o r los t. Documents are legi bl e 
(so that in many cases the origi nal paper copy 
is no t needed). In term s o f cos t, V ideofil e sys
tems ca n in some cases be half as expensive 
lo maintain as large con venti onal filing sys
tem s, depend ing on usage and organi zation. 

Uses of Instant Television Filing 
Nearly any f il e could benefi t fro m thi s auto
mated sys tem . A mong th e bes t exampl es o f 
those that could pro fit imm ediately arc th e 
vast fil e depar tm ents w ith heavy dail y usage 
fo und in vi tal stati sti cs bureaus, th e t ra nspo r
tati on industry, insura nce an d titl e co mpani es. 
Other appli ca ti ons are bank ing fil es, charge 
accounts, credit fil es, employee reco rd s, med
ical records, research librari es, intelli gence 
fil es, moto r vehi cle reco rd s, crimin al fil es, 
and cou rt reco rd s. 

Title insurance executives w ith a remo te 
viewing station in thei r office . 

An educational appl ica t ion w here 
a college advisor can help a 

student plan an academ ic program . 



One of the clean rooms in the Ampex Tape l<e
search facility where oxide formulations are 
tested for specific use 111 audw, inslrumenlalion, 
video and computer tapes. 

V!A\~~: 
An electron microscope used by Ampex tape 
researchers lo ;ludy surface characteristics of 
magnetic media. 

the magic medium 

THE NEED: Find a suitable material which is naturally magnetic or on to which a magnetic 

coating can be desposited, to serve as a recording medium which can be magnetized easily 

(and will remain magnetized) after exposure to a fluctuating magnetic field . 

Steps in Tape Manufacturing 
Today, there arc four basic t) pc-; of mJgnelic 
tape: audio, video, instrumentation, and com
puter. Each is manufactured with the same 
basic principles. In tape manufacturing, the 
three most important variab les arc base film, 
oxide, and binder. These arc interrelated, and 
must be controlled al all tim es. The base film 
is commonly polyester plastic. Acetate is sti ll 
used lo some extent, but for precision tapes 
polyester has largely replaced it. Oxide is a 
uniform coating of minute magnetic particles 
contained in a binder. The exact formulation 
of oxide and binder may involve some 20 or 
more chemicals, the secret being in how 
much of each is used. Oxide particles do not 
occur in a natural sta te, but are grown in a 
culturing process to assure uniformity. During 
processing they tend to cluster and must be 
separated for uniform coating and even dis
persion. Th e binder has two functions: it 
causes th e oxide to adhere to th e base, and 
1l causes th e particles to cohere with each 
other. Within the binder, the pa1ticlcs of 
oxide are like almonds in a candy bar. Added 
to the oxide and binder formulation arc the 
:w or more other chemica ls lo prevenl briltlc
ness, reduce dust collecting static charges, 
break clown surface tension, lubri cate the 
surface, and make mixing and drying easier. 

After arriving at a satisfactory oxide for
mu lation to meet waveleng th and wear re
quirements, th e next problem is coating it 

onto the tape. One method is knife coating 
which is an extrusion process in which the 
coating is clcpositecl on the tape, then the 
tape is pulled beneath a sharp edge to smooth 
out the coating. Another process is roto
gravure in which the oxide is rolled onto the 
tape in much the same way that ink is ap
plied to a roller in a printing process. After 
coating, the particles arc oriented during 
drying and the tare is dried. 

To finish the surface th e tape can be 
buffed or burnished with a brush or passed 
against itse lf between pressure rollers to 
knock off any high spots. This has the dis
advantage of exposing bare oxide (like chip
ping the chocolate off th e almonds in a can
dy bar). Ampex uses a non-abrasive technique 
of ironing and reshaping the surface of the 
tape for uniform smoothness in the manu
facture of FERRO-SHEEN* tape. 

Slitting the tape into the proper width is 
the next step. This must be perfect in al l re
spect>. Several rnelhulb dfC used, must uf 
which arc proprielary to each tape manu
facturer. Packaging is the last step. This is 
critical too, Lo keep out dust and prevent 
damage during shipping. 

Testing for Each Application 
The manufacturing process is basically the 
same for all Lypcs of tape. Oxide formulation 
may differ depending on the wave lengths to 

be recorded. But perhaps the major differ
ence in manufacturing is the electrica l testing, 
which is directly related to the application. 

In computer applicalions the primary con
sideration is reliability and minimum drop
outs. With computer systems, information is 
conveyed in small bits which if not recorded 
properly w ill cause an incorrecl number or 
character to be read out. In testing computer 
tape, thou sands of indi vidua l readings are 
taken at very sma ll interval s throughout the 
reel of tape. In contrast, with instrumentation 
recording, dropouts are less critical because 
an analog recording technique is used where 
a continuous change rather than a sing le dis
crete bit is being put on tape. Instrumenta
tion tape testing is primarily concerned with 
the overall continuity of the surface and the 
response at several short and long wave
lengths ralh er than w ith dropouts. For video 
recording, Ampex uses 100% testing in a 
method almost as comprehensive as for com
puter tape. Normally a 5-MHz video signa l is 
recorded and dropouts counted throughout 
the reel. Audio tape is perhaps the least cri
tical in terms of testing. It is normally clone 
on a samp le basis because the wavelengths 
recorded are much longer than in instrumen
tation recording. Dropouts are less critic-' 
than in computer or v ideo recording, sir 
the ear Lends to reconstruct the signal if a 
single point is missing. 
*TM AMPEX CORPORATION 
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·"-FACTOR TESTING . . . A NEW TECHNIQUE IN VIDEO SYSTEMS 
By Joseph Roizen, Ampex Corporation 

To comp lete ly test the electrical characteristics 
of a video sys tem it is usually necessary to use 
severa l inst rument s. Band pass and frequen cy re
spon se can be determined by a swee p generator. 
Tran sient respo nse is usually tested with some 
form of step function sig nal such as square wa\ es. 
Differenti al ga in and phase require spec ialized 
equipment with appropriate di sp lay devices. The 
process is time consuming and complc>. and re
quires cost ly equipment for both generation and 
interpretation of test signals. In most cases, if the 
equipment under test is in good condition, noth
ing but the fact that no defect exi sts is proven. 

To simplify video systems testing and reduce 
the time involved, a single signal (with a proper 
interpreting device) the Sine squared pul se and 
bar method ha s been developed. A specia l grati
cule attached to the scope, interprets the signa l 
on a percentage performance basis, providing a 
direct readout method that can be easily assessed 
by even non-technical personnel. 

Basica ll y, the Sine squared pulse and bar con
sists of a test signal that is generated as a narrow 
pulse and a step function square wave (Figure 1). 
The signal is then applied through the proper 
gaussian response filter with linear phase and 
smooth rolloff. The output of the filter consists 
of a pul se and bar calibrated in T increments and 
measured as the half amplitude duration of 0.125 
microseconds wi th an upper frequency compo
nent of 8 MHz at the corners (rigurc 2). A 2T 
pulse, which is more commonly used in no rmal 

·nerican standard telev ision sys tem s, will have 
rialf amplitude duration of 0.250 microseconds 

and its cut-out frequency is at 4.0 MHz. Foreign 
standards such as the 625/ 50 TV system would U'>e 
a half amplitude duration of 0.2 mi croseco nd '> 
and a corner frequency of 5 MHz. The ca librated 
rise time of the bar is very near the half ampli
tude duration of the pulse and therefore has es
sentially the same slope (Figure 3). The low fre
quency bar has been included in this test signal 
since the Sine squared pulse alone would not be 
adequate for the complete check. Thi s particular 
signal is especially suitable for measuring video
tape re co rder sys tems since it has energy only in 
the bandpass area of the videotape recorder. 

It is difficu l t to test a video recorder w ith 
sq uare waves because a very fast ri se time pulse 

2T-----t 

Figure 3. Transient response of T ·bar signal. 

will simply meet with w hat is known as the 
" brick wal l response" of the filters and the limi
tations of the modulator in the recorder (Figure 
4). In this case, the output of the recorder wil l 
si mpl y contain very seve re overshoots and ring
ing which will give "o indication oi system per
formance at the desired frequencies. If, however, 
the applied test signa l is within the bandpass 
characteristics of the recorder and a properly 
calibrated graticule is applied to the scope, it is 
very simple to determine a K rating factor which 
gives the overall performance of the machine by 
analyzing the pulse shape, the bar shape, and the 
pul se-to-bar ratio. 

In transverse v ideotape recorders especially, 
where four channels arc being considered, the 
comparison of the pulse and bar signa l from each 
of the four head channels would allow the oper
ator to optimize the channels to each other so 
that they are all identical. The test signal is first 
adjusted so that the half amplitude points on the 
scope match those required by the graticule. Mod
ern waveform monitoring oscil loscopes (such as 
the Tektronix 529) automatically have the proper 
sweep rates so as to produce the right half am
plitude duration on the graticule supp lied with 
the scope. Once the pulse and bar have been 
adjusted to the correct amplitude and widt h the 
output of the recorder may be utilized to deter
mine how accurately the video recorder is repro
ducing the signa l. The K-factor is th en determined 
by whether the reproduced signa l falls within the 
various calibrated lines on the graticule (Figure 5). 
A 2% K-factor would be considered very excel
lent, 4% reasonably adequate for most video band 
width systems, and anything fa llin g beyond that 
should be suspect and other maintenance checks 
mu st be applied to determine where the defect 
exists. 

K-factor testing therefore is mainly a very rapid 
means of evaluating the performance of a system 
without having to go into a great deal of com
plex and time consuming operations. It is very 
important that the input signal be of the proper 
shape and amplitude and not have any rin gs built 
into it, since these wi ll greatly affect the ability 
to read out accurately the performance of the 
sys tem under test. For color television sys tem 
testing, new K-factor signal s including sub-carrier 
mixed in with the test pul ses are presently being 
deve loped. 

Figure 4 Fast rise time square waves are not swlable for testing be
cause the 'brick wall' response of the hUers w111 cause severe rmgtng 
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Figure 1 Typical T-pu!se and bar s•gnal used m K-factor teslmg 
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Figure 2 T-pulse signal showmg 1 ot 0 125 µsec and 2 t ol 2 250 µsec 

Figure 5. Output waveform showmg Sme squa1ed pulse and bar !esling 
of an Ampex VR-2000 Videotape Recorder K-factor 1s 0.75°0. Special 
graticule mounts on oscilloscope 



Start with a 1, 2, 3 or 4-track Record/Reproduce ; or Reproduce-only. Plug-ins make changes fast. 

rugged new professional from Ampex is ready for all assignments 
Introducing : The AG -440 
It 's ready. It's rugged . With new solid 
maintainability for the broadcaster. New 
lightning-fast convertibility for the mas
ter recording studio . Our new Ampex 
AG-440 professional audio recorder has 
everything ... no other recorder can 
match all of these features : 

0 Precision-milled transport surfaces 
assure automatic alignment of heads, 
motors and assemblies. The exclusive 
ribbed , heavy-duty die-cast top plate 
maintains precision alignment. 
0 Plug-in head assembly and plug-in 
heads permit rapid interchange ... 4, 
3, 2 and 1 channels. 

0 Instant tape-guide convertible from 
_% -inch to V2 -inch tape. 
0 Has exclusive front mounted plug-in 
boards for bias amp, record and repro
duce electronics. Instant replacement. 
0 Master bias oscillator and regulated 
power supply, in transport. Feeds up to 
four channels. 
0 New three-way push-button editing : 
1) brake release for manual cueing ; 2) 
play-edit ; and 3) fast-cue-finding. 
0 Exclusive precision lapped , triple 
shielding on play head minimizes mag
netic interference. 
O Jewel-bearing idler in head assem
bly reduces scrape flutter modulation. 

AMPEX AMPEX CORPORATION 

401 Broadway • Redwood City • California • U. S. A. • 94063 

0 Ampex SEL-SYNC * on every channel 
for track revisions and fully synchro
nized sound-on-sound . 
0 Individual switches adjust tension s 
for different reel size on each side . 
O Adjustable turntables accept reels 
up to 11 V2 inches. 
0 Push-button solenoids permit either 
local or remote control with smooth 
tape handling . 
0 Newest Ampex advanced engineer
ing , all solid state . 

O Choice of interchangeable version s 
for rack mounting , console or portable 
case-all expandable and ready for all 
assignments! *TM Am pex Corp. 
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