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expects to see a tremendous increase 
in its air traffic control and flight 
service activities, as the entire 
aviation sector of our economy 
pushes ahead at an even faster rate 
than before. To help cope with its 
increased activities, new systems 
and refinements of existing systems 
are now under development. 
Here is the story of one such 
development, which tries to do 
something more than just talk 
about the weather. 



THE FAA is developing a processing sub­
system for radar data to help air traffic 

control personnel be tter identify aircraft dur­
ing storms. Storm signal s appear as noise on 
radar indicators, sometimes making it tem­
porarily difficult to accurately identify and 
track signals from aircraft. In developing the 
system, two rotary head wideband recorders 

\mpex FR-900 and FR-950) record radar data 
2presenting storm signatures and aircraft dur­

ing different weather environments. In the 
near future, the program will be expanded to 
include some six sites around the country.This 
radar information is replayed as many times 
as required to set up a standard of compari­
son and identification in testing system com­
ponents. Comparison hadn't been possible 
previously using live radar inputs because the 
data couldn ' t be repeated. Both routine and 
major storms are recorded. 

RADAR PROCESSING SUB SYSTEM: 
Part of National Airspace System 
At the Nationa l Aviation Facilities Experimen­
tal Center of the Federal Aviation Administra­
tion in Atlantic City, New Jersey, a program 
is under way to develop a radar digital pro­
cessing subsystem for weather and aircraft 
data. This subsystem is part of the National 
Airspace System which wi ll provide auto­
mated or semiautomated tracking and display 
of aircraft and radar weather clutter. Within 
a few years, it will be operational throughout 
the country to help handle the ever increas­
ing volume of air traffic. Two types of Air­
space Systems are being developed: en-route 
systems with a range of 200 miles, and ter­
minal systems with a range of 60 miles. 

One of the principle objectives of the data 
:1uisition program at Atlantic City is to help 

1r traffic control personnel more easi ly sep­
arate aircraft signals from radar weather clut­
ter during all types of weather conditions. 

@1959 AMPEX CORPORATION 
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Air traffic control specialist evaluating weather contours generated 
irom recorded radar data. 

FAA project engineer adjustin g the two-channel 
Ampex FR-950 rotary head recorder. 

STORM TYPES : Storm Signatures from 
Common and Infrequent Conditions 
Storm data is made up of radar returns from 
ice and rain in th e air. Each storm has a char­
acteristic radar signature which shows direc­
tion and indicates approximate intensity in 
terms of the density of the hydrometeors. 
Previously, the FAA studied these storm sig­
natures and their effect on aircraft signa ls in 
real time on conventional radar indicating de­
vices, such as a plan position indicator (PPI). 

Now, the experimental center records radar 
data during a variety of storms, ranging from 
common thunder showers to hurricanes, on 
Ampex FR-900 and FR-950 wideband rotary 
head instrumentation recorders. Soon, record­
ings will also be made at major airports to 
get typical heavy traffic data (such as Chicago, 
New York , Los Ange les, and San Francisco) 
p lus Norman, Ok lahoma, to get typical tor­
nado and land storm data. 

Storing the radar data on magnetic tape 
all ows it to be recreated at a later time and 
studied as many times as necessary to extract 
al l significant information. By this means it is 
hoped that a standard of comparison and 
identification can be established between the 
noise created by storms and the aircraft data. 
Storage of radar data is especially usefu l for 
infrequent storms like hurricanes, since the 
character istic signature can be repeated at 
any time w ithout waiting for another storm 
to reoccur. 

The Center is bui lding up a library of tapes 
covering all types of weather and signal con­
ditions. Forthcoming field recordings wi ll ex­
pand this library and its usefulness great ly. 
After the development phase, the Center wi ll 
acid new recordings to the library so that it 
can conti nuous ly evaluate and improve the 
processing system and techniques. 

RADAR SIGNALS: 
Receiver Output, MTI and Beacon 
Several types of radar data are commonly re­
corded: linear receiver output, logarithmic 
receiver output, moving target indicator, and 
beacon or aircraft identification signals. In 
'>1tuat1ons where the Center wants lo record 
more than one type at the same time, the 
two-channel FR-950 is used. Radar data is pre­
>entecl to the recorder in the form of detected 
video made up of low frequency clutter 
blocks and sharp rising pulses. The pulses 
may have a rise time as fast as 100 nanosec­
onds, and a repetition rate of up lo 1500 
pul>es per second. The radar triggers are mul­
tiplexed as negative spikes whi le the radar 
video 1s positive going pulses. This permits 
full utilization of each wideband recording 
channel. During recording, input radar signa ls 
are paralleled into a standard PPI scope for 
monitoring. 

To show the position of th e radar antenna, 
output from the positional servo system and 
an azimuth pulse generator are multiplexed 
and recorded on the two auxiliary channe ls 
A time code and voice cueing signa l are al 
recorded on the auxiliary channels to aid 1 
identifying specific activities on the tape. 

DATA PROCESSING : Recorder Recreates 
Live Data for Repeated Analysis 
To process the information, the output of the 
recorder is treated as if it were a live radar 
source. Storm data occurs essentially in a 
random manner with some degree of corre­
lation, in contrast to aircraft signals which 
occur more uniformly. By sta tistical analysis 
of the recorded data, the FAA hopes to se t up 
a data processing program which will allow a 
computer to supress a typical storm signal 
and allow an aircraft signal to be reproduced 
on the operational displays. The effect on th e 
scope is to remove most conventional wea­
ther clutter depending on an adjustab le thresh­
ho lcl level set into the system by the operator. 

However, without the contour of th e clutter 
to identify a storm area, an aircraft could be 
misdirected into a storm . Therefore, a contour 
out line of the storm clutter wi ll be derived 
by the system and presented on the scope 
along with a visual indication of intensity. 
This cou ld be shown either by an identifying 
symbo l or the brightness of the contour line. 
The exact technique is being developed now 
by repeated replay of the library of radar data 
on tape. Para ll el to this effort, the FAA ; 
digitizing the ana log video output for reco 
ing on digital tape in IBM compatib le forma . 
These tapes wi ll be used in the analy ti ca l 
studies of radar signatu res. 



Single-channel Ampex FR-900 recorder, 
also used in this development. 

MAGNETIC RECORDING ADVANTAGE : 
Recreating live Data 
Probably the key advantage of magnetic re­
cording in these applications is its ability to 
recreate the data exactly as it occurred as 
many times as necessary for complete evalu­
ation of all system components. The FR-900 
series records sinusoidal data up to 5.5 mega­
hertz or 6 megahertz with the FR-900A or 
FR-950 and pulse data with a rise time as fast 
as 100 nanoseconds. 

Related applic.itions of wideband recording 
are airborne radar recording (using the air­
borne version of the FR-900 family), prede­
tection recording by feeding the receiver in­
termediate frequency directly to the recorder, 
'"levision recording at any scan rate (the re-

irder is synchronized internally so that it 
can accept signals of any scan rate singly or 
in any sequence), and digital recording up to 
20 megabits per second and higher. • 

General view o f FAA's Terminal Radar Sys tem , Model ASR-5. 
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Ampex SP-300 fo ur-track ins trumen tation recorder records 
and p lays back digital data in Swiss air pollutio n studies . 

Pole mounted wind sensors using Gill four-blade 
propellers and Alcyon digital transducers measure 

the three components of the wind vector. 

The Swiss Meteorological Institute is measuring wind parameters to come up with 

an estimate of atmospheric diffusion patterns in air pollution studies . 

Using a magnetic tape recorder (Ampex SP-300) the three components of the wind 

vector are recorded in digital form over periods of 15 hours. Then the data 

is played back at a higher speed to compress its time base and significantly speed 

up processing. Besides allowing this speed up of data , magnetic recording 

provides greater resolution than graphic recording and presents 

the data in electrical form so that automatic data processing can be done, 

rather than time consuming manual reduction . 

Swiss Use Tape Recording in 

1llll I,ftl .. I .. tJ'l1IftN 
Studies 
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SWISS METEOROLOGICAL INSTITUTE: 
Air Pollution Section 
In Payerne, Switze rland, the Air Pollution Sec­
ti on of th e Swiss Meteorologica l Insti tute is 
ca rry ing on a resea rch project to es timate at­
mospheric diffusion parameters in air pollu ­
ti o n studi es. They are particu larly interested in 
the drift and dispersion of pollutants in th e ex­
change layer, which extends from the ground 
to about 1000 meters above the surface. From 
a stat ist ica l ana lysis of th e three components 
of the wind vec tor, it wi l l also be possib le to 
make up a w ind- fi eld map coveri ng about a 
10-km radiu s, wh ich wi ll show th e distribu­
tion of wind forces in that area. 

DATA ACQUISITION: 
Digital Data Representing Wind Vector 
To co ll ect the or iginal data, wind sensors us-

1g three Gi ll four-b lade propell ers, A lcyon 
opto-e lectronic dig ital transducers are used. 
This instrumen tation measures north , - north 
or south , wes t, - west or east, up and - up 

or down. After some signa l processing to con­
trol pulse polarity and shape, th e data is pre­
sented to the reco rder in th e form o f positive 
an d negative pul ses of ±5 volt amplitude, 
duration of 1 msec and repetition rate of 0 to 
300 tim es/sec. The three vectors are recorded 
on three channels of th e four-channel SP-300. 
On the fourth channel, a clock signa l from a 
tuning fork is reco rded in the form of 300Hz 
1 msec, 5 vo lt pulses, Recording is done at 1 7/a 
in /sec. A no rmal data run lasts 15 hours. Dur­
ing recording, data is monitored by counti ng 
the pulses on three sca lers over preselected 
time interva ls. 

A digita l data recordi ng method was chosen 
by th e Swiss resea rchers because th eir data 
ana lysis is based on commun icat ions informa­
tion theory and thi s is eas ier and more con­
ven ient to compute with dig ital data . 

DATA ANALYSI S: Computer Process ing 
For data ana lys is, the tapes are pl ayed back at 

Punch 
tape 

Computer 

15 in /sec which in conjunction with two other 
recorders compresses th e time base (speeds 
up th e data) by a factor of 200. Preliminary 
analys is is done using counters which give a 
pulse count from data samples of one second 
to one hour. This is punched into ca rds for a 
qui ck look and initial edit. 

Then selected portions are processed in a 
digita l computer w hich determines statist ica l 
moments and co rrelates flu ctuating orthogon­
al win d components. 

Besides th e digitai" analysis, the SP-300 re­
corder also plays back tapes in to a digita l to 
analog converter. This output is disp layed on 
an osci ll oscope to perform more conventional 
vec tor analysis and determine th e fluctuating 
pa th of the horizontal wi nd vector extremity. 
A camera photographs sequentially the vector 
on the osci ll oscope fo r a vis ual record as re­
const ru cted from th e origina l data recorded 
in electri ca l form o n magnetic tape. • 
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Ampex Research Developments 

Computer Simulations 

of Tape Recording 
b y J. C. Mall inso n 

INTRODUCTION 

Th e basic head to tape configurati on o f tape 
reco rd ers has re mained unchanged in th e last 
two decades. Nevertheless, by ca reful refin e­
ment of both head and tape techno log ies, 
th e perform ance attained has been improved 
by a facto r of mo re th an ten. M ost o f thi s im­
provem ent has been achi eved by purely em­
piri ca l means but unfortunately th e level o f 
understanding o f th e basic processes invo lved 
and o f the prec ise limiting fac tors in reco rd ­
ing has until recently remained ve ry poor. 

Th e diffi cu lti es encountered in analyz ing 
pe rfo rmance o f a recorder are due to three 
factors, none of w hi ch may be igno red : 1) the 
extreme spati al non-uniformity o f th e reco rd 
head fringing fi eld , 2) th e non-l inea rity of 
YFeeO e magneti za ti o n ve rsus fi eld character­
isti c, and 3) th e tim e vary ing nature of th e 
signals being reco rded . It tran spires, however, 
th at th ese difficu lti es can be ove rco me by th e 
use of suffi ciently detai led ca lculJti o ns such 
as may be emp loyed in a computer simula­
tion. Simulati ons o f bo th unbiased sine wave 
reco rdin g (as em p loyed in video machines), 
and unbiased square wave reco rd ing (as in 
d igital machines) have been undertaken by 
the Ampex Resea rch Department during th e 
last couple of yea rs. In bo th cases, th e results 
compare we ll wi th experiment. 

In thi s arti cle, th e general stru cture o f th e 
computer p rog rams is out l ined. Then some 
important resu lts appli ca bl e to sine wave and 
square w ave reco rding are di scussed . 

THE COMPUTER PROGRAMS 
The magneti c coa ting of tape is di vided into 
a suffi cientl y dense netw ork o f po ints, and 
the magneti c fi eld hi story o f each point is 
computed as it passes th e reco rd head . So far, 
about 400 such po ints per wave length o n th e 
tape have proved to be adequate. Th e fi eld 
hi sto ry is co mputed by multiplyi ng th e reco rd 
head fi eld fun ction by th e input signal wave­
fo rm (See Fi g. 1). Th e descending magnitude 
fi eld extrema are identifi ed and then used to 
ca lculate th e magnetization recorded at each 
point v ia a simplifi ed model o f th e tape mag­
neti za ti on loops (see Fi g. 2). 

Because all subsequent phys ica l processes 
are, to a ve ry good approxi mati on, linea r 
operation s o n th e recorded magneti za ti o n, i t 
is permi ss ibl e to continue th e simulati o n by 
th e meth od of harmoni c analys is. Each har­
mo ni c is, therefore, subjec ted to a ca lculati o n 
o f th e demagneti za tion and rep rodu ce head 
flu x co ll ec tin g processes, y ielding, after dif­
ferenti ati on, th e harmoni cs o f th e output 
vo ltage. Finall y, th e outrwt vo ltage wavefo rm 
o btained by addi ng th ese harmoni cs is auto­
maticall y pl o tted . 

Apart fro m th e input signal wave fo rm , th e 
simulati on requires th e specifi ca ti on o f fo ur 
geometrica l and fi ve magneti c parameters. 
Th e geometri c pa rameters are the tape coa t­
ing thi ckness, th e head-to- tape spac ing, the 

FIGURE 1. Longitudinal magneti c field ex per ienced at a point in the tape 
as it passes the record head . 
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record gap length , and th e rep roduce gap 
length . The magneti c parameters are th e re­
co rd fi eld magnitude, th e thresho ld fi eld fo r 
magneti zi ng th e tape, th e saturati on fi eld o f 
th e tape, th e demagnetiz ing perm eabil i ty o f 
th e tape, and th e remagnet iz ing (reco il ) per­
meability. It is poss ible, o f course, to ass ign 
any valu e to th ese param eters. Thi s facility is 
one o f th e signifi cant advantages of having 
such computer simulati o ns ava il abl e, fo r it 
pe rmi ts th e rapid identifi ca ti on o f the limit­
ing paramete rs. Further, since th e computer 
may be rirog rammed to pl o t interm ediate re­
sults, such as th e recorded magneti zation pat­
tern befo re th e demagneti za ti o n processes, it 
is also poss ible lo determ ine th e precise lim­
it ing mechani sm s. 

UNBIASED SINE WAVE RECORDING 
O ne o f th e mos t debated phenomena in sine 
wave recording is that o f " ove r- reco rding. " At 
sho rt w ave length s (0.1 mil ) th e o utput voltage 
shows a pro no unced peak as th e inpu t cur­
rent is increased (see Fi g. 3). A n optimum in­
put current exists whi ch is no t th e sa me fo r all 
wave length s. Thi s forces undes irable compro ­
mi ses upon th e machine d es igner. It is clear 
th at ove r-record ing must be due to either th e 
inabil i ty of th e reco rd head to magneti ze th 
tape to high eno ugh levels, o r i ts inability to 
magnet ize th e tape in phase at all depth s. Ou r 
compu te r simulati ons of thi s phenomenon 
have shown that in th e case o f we ll ori ented 
tape th e magneti za ti on penetrates th e tape 
adequate ly at all reco rd current leve ls. How ­
eve r, the phase of th e signals recorded deep 
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FIGURE 3. Outpul voltage versus record current for va rious 
wavelengths(") . 

FIGURE 2. Simpl if ied model of the tape 
magne tizat ion vers us fie ld loops. 



in th e tape ca n eas il y be 180° (o r more) dif­
ferent from those in the surface layers. 

This finding has important consequences. 
First, since the phasing problem is primarily 
related to the fringing fi eld shape of the re­
cord head, it means that no improvements in 
the formul at ion, processing, coa ting or orient­
ing processes of tape coa tin gs of normal thi ck­
ness (0.2 to 0.5 mil) can poss ibly eliminate 
ove r- recording. Second, the thinn er the coa t­
ing th e less th e possi bility becomes of over­
record ing. For examp le, in thin plated media, 
w here the coati ng thicknesses are only 0.05 
mi l, the se ttin g of the input current leve l is 

not likely to be a critical adjustment. 

UNBIASED SQU ARE WAVE RECORDING 
Normal IBM compatible di gital reco rdin g is 
perform ed at about 1000 bits to th e l inear 
inch (bpi ). Increases in bit density are usual ly 
accompani ed by dramati c increases in th e 
error rate. These errors ari se from two sources: 
1) temporary increases in head -to-tape spac­

ing ca usi ng reductions in th e rep lay signal 
amp litude, w hich are usually call ed dropouts, 
and 2) the over lapping of the signals from 
adjacent bits, term ed pul se crowd ing. Si nce 
' ropo uts are due to pure ly mechani ca l factors 

,pr imari ly dust and other surface co ntami ­
nants), we have not stud ied th em in great 

detail. Th e pul se crowdi ng effec ts have, how­
eve r, been th e subjec t of many computer sim­
ulations. 

In Fig. 4 is shown the exce ll ent ag reement 
obtai ned between the computed and experi-

mental waveforms under conditions of acute 
pu lse crowd ing. Here th e basic bit density is 
7500 bpi w ith flu x reve rsa ls of 15,000 per inch. 
In all , th ere ex ist 12 digital tran siti ons in o ne 
mil of track length . ot onl y are we ab le to 
simu late accurately thi s pul se c rowding, but 
we ca n also tra ce precise origin s. With th e aid 
o f the interm ediate ou tputs ava i lab le in our 
computer prog ram s, we have been ab le to 
prove that th e pul se crowd ing is a linear pro­
cess providing o nly that the input current to 
the record head d isp lays step transition s. That 

is, if th e appropriate se ri es of single tran siti on 
o uptut pu lses are added, th e result is prec isely 
the multi -t ran siti on o uput wave fo rm . Such 
kn owledge makes possible th e exact ana lysis 
o f the associated detection circuitry. As an im­

med iate co nsequence of such studi es (which 
were also perform ed o n th e computer), sev­
eral new des igns have evo lved w hi ch should 
mater iall y redu ce th e error rate at hi gh bit 

densities. 

FUTURE WORK 
W e w ill nex t attempt to simulate accurately 
ac bi ased sine wave reco rd ing as used in 
audio and instrumentation reco rders. In th ese 

cases, th e opera ting leve l is govern ed princi­
pal ly by th e deg ree o f third harmonic distor­
tion permitted. Despite the fact that such di s­
tortion amounts (typi cally) to onl y a few per 
ce nt of th e total signal amplitude, it is hoped 
that th e computer si mulations can be made 

suffi cie ntly accu rate to se rve as a des ign too l. 
Furth er in th e future, it seems li ke ly that 

a se ri es of stud ies aimed at opti mizing th e 
head-tape co nfi guration for particu lar app l i­
ca tion s wi ll be undertaken . For instance, it 
may be possi bl e to find new reco rd head 
designs w hi ch minimize the phase shift prob­
lems of th e present types. Nove l reproduce 
head techniques o ffer th e poss ibi l ity of mini­
mi z ing th e effec ts of pul se c rowding. All of 
th ese topics ca n be eva luated and optimized 
more rap idl y, accurately and at far less cost 
by computer simulati ons th an by any other 
means. 

CONCLUSIONS 
Computer simulations o f th e unbiased re­

co rdin g process have been proven possi bl e 
and of suffi cient accuracy to be useful re­
sea rch and deve lopment tool s. A typi ca l com­
puter simulation run , wi th auto mati c plotting, 
takes less than five minutes. If required, it is 
obvio us that co mplete signal process ing, re­
co rding, rep lay, and detection chan nels may 
be simulated with litt le additional difficulty. 
The technique offe rs unique advantages since 
th e prec ise limiting factors ca n be singled o ut 
rapidl y. Th ere appea rs to be eve ry reason to 

suppose that such si mulati o ns w ill contribute 
increasi ngly to o ur overa ll understandin g of 
tape reco rdin g. 

Reference: C. W. Stee le and J. C. Ma llinson, 
" A Compu ter Simu lation of Unbiased Digital 
Recordin g," 1968, INTERMAG Conference, 
Paper 3.3. 

FIGURE 4. Measured and computed digital waveforms under cond i tions of acute pulse crowding at 750 bpi . 
( frequen cy dou bling coded word 1O10011 0) 
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Four-c.ir Department of Transportation train 
used for rail technology development program . 

-

Railroads have been around for quite a long time and it looks as if they're going 
to be with us for some time to come. As Mark Twain ad libbed in one of his famous 
lecture tours : " The recent reports of my death have been greatly exaggerated." 

Enclosed in a weatherproof housing (foreground) 
an Ampex closed circuit television camera is 
used to monitor the pantograph at the center of 
the picture. Pantograph's motion is recorded on 
one ol two on-board Ampex VR-7000 portable 
videotape recorders. 

Tape Bides Ille Bails 
SUCCESS IN RAILROADING: 
Selling Transportation Services 

The key to future railroad success is to sell 
transportation ... not just railroad service. 
Modernization is important too. Increasingly, 
railroads today are using computers to contro l 
the expensive and time consuming operat ions 
of putting freight trains toge th er, taking them 
apart and keeping track of where they are 
across the nation. A new system for automatic 
weighing of freight cars is in the offing. Auto­
matic push button control of trains in freight 
yards is already in operation. A Videofile® 
In formation System has just been installed by 
Ampex at Southern Pacific Company to auto­
mate filing and retrieval of freight waybills. 
Containerized shipments and piggyback trains 
are examp les of the new systems approach to 
transportation that is quietly revolutionizing 
the rai I road business. 

In the area of passenger travel it may seem 
as if service is being phased out at every turn. 
This is certainly true for cross country runs. 
On the other hand, Europe's train service is 
all basically short range and remains pretty 
much intact. Using existing techno logy, the 
Trans-Europe Express de li vers peop le from 
city cen ter to city center in the relatively 
compact continent of Europe faster than air 
transport, with its airport buses, check in 
time, and actua l flight time, can offer. In the 
United States thi s kind of train service can 
still be va lid , as is shown by the development 
of the 110-mph train for service in the north­
east corridor between New York and Wash­
ington. Impetus for studies lead ing to the 110-
mph train comes from the Office of High 
Speed Ground Transportation of the U.S. De­
partment of Transportation. This new train 
se rvice between New York and Washington 
will cut running time from three hours and 
35 minutes to two hours and 59 minutes. This 
speed plus direct-dial telephones, comfort­
able seating and ride, and good food is ex-

peeled to win back air passengers. Service is 
scheduled to begin no later than ear ly 1969. 

DEPARTMENT OF TRANSPORTATION: 
21-Mile Test Track 

Key element in the rail techno logy develop­
ment program is a 21-mile test track on the 
Penn Centra l l ine between Trenton and New 
Brunswick, New Jersey. Under Department o 
Transportation contract, Penn Central has u 
graded the track to tighter tolerances and in­
stalled welded rails. Over this test track, the 
Department is running a four-car experimen­
tal train instrumented by Melpar Transporta­
tion Systems Center of Falls Church, Virginia, 
with severa l hundred thousand dol lars worth 
of measuring devices. By taking measure­
ments at various speeds from a few miles per 
hour up to 155 mph, Melpar engineers under 
direction of the Department of Transporta­
tion can p lot the track conditions and ride 
comfort against speed. This enab les them to 
find out exactly what the speed does to the 
position of the rails and how the rai ls move 
as the speed changes. 

On one test car, track geometry is mea­
sured : gauge, ali gnment, and level of each 
rail , plus cross level rail separation, and warp 
or distortion of the plane of the two rails. 
Measurements are made by very sensitive 
capacitor probes installed on the whee l truck. 
These are proximity sensors which measure 
the electr ical capacity of the air gap between 
the air sensor and the top of the rail. Previou s 
se nsors actually touched the rail. Proximity 
sensors cut out wear and abrasion, a particu­
lar prob lem at the 100 to 150-mph test speeds 
of thi s train, and eli minate mechanica l link­
ages w hi ch can cause prob lems due to their 
own inertia. 

A second test car has instrumentation tom 
sure ride quality. Acce lerometers and place­
ment transducers measure the action of the 
wheel trucks and the acceleration within the 



Two Ampex FR-1300 instrumentation recorde rs 
aboard high speed tes t train are used alt erna tely 
fo r contin uous data recording on long Lest runs . 
Over 100 diffe ren t mu/Lip/exec/ measurements 
showing actual performance at high speeds are 
recorded on live data channels. 

One of two Ampex VR-7000 portable video tap e 
recorders aboa rd tes t train . Closed ci rcuit cam­
eras , each connected to one recorder, are located 
on th e roof and step well to observe pantogra ph 
motion and wheel action . 

lo Test 110-mpll Train 
car body. Roll , pitch, and yaw, and the linear 
acce leration about three axes are measured. 
This gives a good picture of the actua l ride 
comfo rt . Additional transducers measure the 
noi se levels. In genera l, the ride becomes un­
comfortable long before it becomes unsafe. 
At speeds of 150 mph, the ride on the test 
train is judged better than a co nventiona l 
train going 60 to 80 mph on a standard road-

" d. This car also has instrumentation which 
,neasures air pressure to show the differences 
in pressure as two trains pass each other or as 
a train enters a tunnel. One of the whee ls on 
th is ca r also has a temperature tran sducer to 
sense temperature changes at various speeds 
and during braking. 

The third car measures arcing between the 
pantograph (the voltage pickup on top of the 
train ) and th e catenary (th e pickup wire above 
the train). This is done by a coil wound around 
the pantograph cab le which detects th e radio 
frequency energy generated during the arc. 

Some trackside instrumentation supp lements 
the measurements taken in the train. These 
include the movement of the rail and ties to 
tell exact ly what the track structure is doing 
and corre late with the measurements taken 
inside the car. An optical tracker has also 
been used at trackside to watch the move­
ment of the catenary wire. 

Another series of studies on the train are 
being carried on by the Bell System to test 
th e mobile telephone serv ice which will be 
one of the plus features of the new train s. Of 
particular interest to telephone enginee rs 
were tests to confirm successful operation 
during traverse of a tunnel in Baltimore. 

MULTICHANNEL RECORDING : 
,..orrelation of Many Parameters 

e key to analys is of these measurements 
is multichannel recording on magnetic tape 
w hi ch allows precise instantan eous corre la­
tion of data . Thi s mea ns that the speed of the 

train at very slow and very hi gh speeds ca n be 
co mpared to show its effect on wheel motion, 
ax les, coup lings, track di stortion , comfort fac­
tors, as well as the catenary and pantograph 
movement. By corre lating track characte ri stics 
with th e ride quality, it's poss ible to identify 
just which characteristics have the greatest 
effect on ride quality. It should be possible 
lo isolate the affect of alignment, gauge, or 
cross level with ride quality at various speeds, 
which has never been done before. 

In total , from 100 to 125 different param­
eters are being measured at the same time by 
th e Department of Tran sportation . These are 
multiplexed in groups of 20 to 25 by five 
frequency multiplexers. The multiplexed sig­
nals are recorded on five tracks on one of 
two seven-track Ampex FR-1300 instrumenta­
tion recorders installed on a work bench in 
one of the test cars . Normally the test run s 
are made at speeds in excess of 100 mph over 
the 21-mile track for a data run of about 15 
minutes. Recording at 30 ips, th e FR-1300 will 
capture 24 minutes of data. In case the test 
run is for a longer period of time, the second 
FR-1300 is operated sequentially so that it 
begins when the first one is about to run out 
of tape. Five tracks are used for multiplexed 
data, two are used for timing information. 

Data is analyzed at th e Melpar plant in 
Virginia. A separate FR-1300 is used for play­
back for pass one analog-to-digital co nversion. 
Then detailed analysis is done on se lected 
portions by process ing it wi th a computer. 

ON BOARD VIDEOTAPE RECORDING : 
Provides Visual Correlation of 
Pantograph/Catenary Motion 
Bes ides the data record ing, a television cam­
era, Ampex Model 322, mounted on the roof 
captures visua lly th e movements of the pan­
tograph and catenary, reco rding th em on a 
VR-7000 videotape recorder located inside 
the train. Another 322 camera is mounted in 

o ne of th e whee l we lls whe re it picks up the 
movement of the wheel s for visua l observa­
tion of rail -wheel interaction. This camera 
output is reco rded on a second on-board 
VR-7000. Th ese recorders can play back the 
pictures in slow or stop motion to permit de­
tail ed study. 

OTHER USES OF THE DATA : 
Simulated Computer Studies 
Bes ides th e operationa l studies being made 
by Melpar for the Department of Transporta­
tion , th e Department has awarded over forty 
research and development contracts. Most of 
this work has to do with improvements of 
rai ls and roadbeds. The new rail structures 
can be of any type as long as the gauge and 
shape of the rai I top is not changed. A study 
by Batelle Memorial Institute is developing a 
computer program to simu late track structures 
from the rails down to the under soil. Data 
col lected by Melpar on magnetic tape in the 
les t cars w ill be used to confi rm that the 
computer tes ting is providing a good repre­
sentati o n of the actual track action. 

TRACK MAINTENANCE: M agnetic 
Recording and Computer Processing 
One nagg ing problem in railroad operation is 
track maintenance. Rails and ties move out of 
position and alignment as heavy trains at in­
creasing ly hi gher speeds move over them. Re­
co rdings made routinely on magnetic tape 
can be run through a computer to produce 
printed reports that will tell track mainten­
ance enginee rs how to program their main­
tenance. Track maintenance is directly related 
to sa fety because most derailments are caused 
by rai l mi sa lignment. The Department of 
Tran spo rtation hopes to show that a high 
speed tes t car with data reco rding on mag­
neti c tape and high speed computer process­
ing ca n speed up track maintenance, thus 
improving overal l safety and lowering main-
tenance cos ts. • 
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Scarborough 
College 
Satellite of the 
University of Toronto 

TELEVISION, as an aid to education, has 
taken many forms. But unquestionably the 

most television-conscious instructional faci Ii ty 
in the world is Scarborough College in subur­
ban Toronto. Established in 1965 as one of 
two satellite campuses of the University of 
Toronto, Scarborough is set up to handle 
about 1500 students initially, and eventually 
students from the overflow at the main cam­
pus in the center of the city. The college is 
housed in a startingly modern building, on a 
beautiful 202-acre tree-studded site. The plant 
was designed by architect John Andrews, a 
faculty member at the University, who laid 
out an organic structure with liberal use of 
unfinished wood, aluminum and concrete. Its 
two wings ramble about a ravine-straddling 
location providing a sense of spaciousness yet 
privacy lu its many sections. 

If modern is the word for the structure, 
modern, too, is the word for the television 
communications system that the structure was 
built around. Probably no educational facility 
has made such a full commitment to televised 
instruction. The reasons for television at Scar­
borough may be common to many education­
al facilities throughout the world. The differ­
ence at Scarborough is the degree to which 
technology and teaching have been married 
together. 

Basically, television was included from the 
outset in the design of Scarborough College 
because it helps promote first class teaching. 
In th'ese times, when the shortage of teachers 
is critical, television's ability to present the in­
formation and attitude of highly qualified 
professors to a large number of students is a 
valuable tool to any educational organization. 
Television effectively spreads out the time 
and ta lents of these teachers giving them 
more time to work individually with students 
on a true teacher-student level. Television at 
Scarborough was never considered as simply 
a method of piping a lecture to overflow au­
diences in several different locations or stor­
ing it on magnetic tape for replay to later 
sections of the class. Rather each production 
is individually p lanned to obtain the best pos­
'>ible blend of good teaching and guod pre­
sentation suited to the particu lar subject. 

SUCCESSFUL ETV : 
Quality and Professionalism 
Success in educational television, according 
to W. E. Beckel, Dean of Scarborough Col leg 
is based on three necessities: the highest qu< 
ity organization and distribution, the highes 
quality viewing environment and the highest 
quality programming. He admits that these 



take a hard-to-ach ieve blend of technology, 
artistry and scholarship . 

Besides its advantages in spreadi ng the time 
and talents of teachers, Dean Beckel estimates 
that television teaching can work out to be 
more economical, too. His studies show that 
the break even point for the use of television 
in university instruction is about 200 to 250 
students. Below that number television may 
not pay for itself over a period of time. Above 
that number, both the improved quality of in­
struction and the economics can fully justify 
television in university education. 

At Scarborough, professional quality equip­
ment matches the professionalism of the tele­
vised presentation and that of the teaching 
staff. Three high-band broadcast videotape re­
corders are used: two VR-2000 and one VR-
1200. Audio recorders include one AG-350 
and one Model 601 with an accompanying 
speaker amplifier. 

In both the areas of production and distri­
bution videotape recording plays an essential 
role at Scarborough. For the highest quality 
master recording, high-band quadruplex re­
corders, two VR-2000 and one VR-1100, pro­
luce lesson materials. For distribution, these 

recorders play back the material on a flexible 
schedu le with the highest possible fidelity. 
Videotape recording simplifies production of 
lesson material. Scenes can be replayed and 
corrected immediate ly to be sure that the ma­
terial has the right blend of good teaching 
and good presentation. Electronic edit ing sim­
plifies production, because key to the high 
quality of presentation at Scarborough is the 
use of many inserted materials from different 
sources: films, slides, st i 11 pictures, videotape, 
and live camera, allowing these to be put to­
gether into a unified whole. Updating either 
picture or sound can easily be done so that 
the material can be kept always current. Once 
captured in recording form programming can 
be replayed repeatedly during the week to 
match the different class schedules of each of 
the courses. 

FIRST AND SECOND YEAR : 
Forty-five Percent of Instruction via TV 
During his first two years at Scarborough a 
student could receive about 45 percent of his 
didactic course material via television. This 
concentration of televised instruction is made 
possible because of the large number of stu­
dents taking certain basic subjects. As many 
as a thousand students could take first year 
English, Zoology, French , Chemistry, and Phy-

cs. As many as 500 could take Economics, 
r'olitical Science, Sociology and History. Reach­
ing this number of students with traditional 
teaching methods, given today's shortage of 

Recorder room wilh three high-band videotape recorders, two Ampex VR-2000, and one VR-1200 
provide the professionalism in recording equipment that goes hand in hand with Sca rborough's high 
qua/it\' of presentation and educational approach. 

professors, cannot be done without sacrificing 
some learning. 

After the first two years, many of the class 
sections are smaller because students began 
to specia li ze. During these years, television's 
role is also important. It brings enrichment 
into the formal structure of the courses. Ex­
amples are materials produced for the hu­
manities courses. Drama segments, usually 
performed by students with an explanation by 
the instructor, illustrate a point in each lec­
ture. This area wi ll receive considerable ex­
pansion now that much of the basic course 
material for the freshman and sophmore stu­
dents is being completed. 

INSTRUCTIONAL MATERIALS: 
Lectures and Laboratory Demonstrations 
Instructional material via television at Scar­
borough breaks into two main areas: lectures 
and laboratory demonstrations. Lecture series 
typically have forty to fifty units in subjects 
like Zoology, Sociology, English Literature, 
Physics, Mathematics, Geography, Psycho logy, 
Botany and Political Science. These lectures 
are broadcast several times during the course 
of each day into five lecture halls to reach 
all class sections. 

A lecture to be televised is often audio 
taped the previous year. Then a transcribed 
ve rsion is gone over line by line by the teach­
er and the television staff. Suggestions for 
many additional graphic materials, including 
slides, film, still photographs and live subject 
matter are added to improve the presentation 

Control room for studio 1 (40 by 60 feet) where 
Scarborough College produces its extensive lec­
ture series. It is easily the match of many com­
mercial facilities. Audio control room at right 
includes an Ampex AC-440 recorder and Ampex 
620 speaker amplifier. 
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One of lour science studios where Scarborough 
professors perform laboratory demonstrations for 
direct distribution or replay via videotape into 
the 30 laboratories, each seating 20 students. 

Two hundred seat lecture auditorium at Scarborough College where live 25-inch 
television monitors give a front row seat to each student. 

and illustrate particular points. Decision as to 
what goes in and what is left out are entirely 
in the hands of the teacher. Production of 
lectures on videotape then begins, and con­
tinues throughout most of the school year, a 
few lectures being taped each week, or they 
may be done continuously during the summer. 

This method of course preparation is esti­
mated to take a minimum of three times as 
long as it would for a lecture that is delivered 
in the traditional way. For this reason, tapes 
are maintained for a period of three years, at 
the end of which each professor will normally 
remake the series. However, any time during 
the three year period he can update any part 
of it, either in the visual or sound portion. 
Especial ly important, the professor's class 
schedu le is greatly reduced for the second 
and third years, so he can devote himself to 
working with the individual student, and his 
teaching fellows, lab demonstrators, etc. 

The other general area at Scarborough cov­
ered by television is science demonstrations. 
This is a now common ly accepted method of 
using television for teaching. Laboratory dem­
onstrations have three basic purposes. First, 
they present laboratory information lo the 
students in the remote laboratories. Second, 
they allow microscopic close-ups to be pre­
sented to many students at the same time. 
Third, they al low the instructor to answer 
questions from past lectures during the first 
ten minutes, give short lab tests, etc. 

Scarborough has some thirty science lab­
oratories equipped with multiple television 
monitors. An instructor in one of the five spe­
cially designed laboratory studios performs an 
experiment with the students following it 
through step by step. Each student has a front 
row seat and a clear view of the experiment. 
No one is crowding around a small lab table. 
Everyone can hear perfectly. Some of these 
demonstrations are done live, some are re­
corded, particularly those involving danger­
ous, costly or self-destructive experiments. 

TELEVISION STUDIOS: 
One Large Studio, Four Science Studios 
To be successful, educational television must 
be at least as good as commercial television. 
Studio facilities at Scarborough are easily the 
equal of any commercial facility. Studio 1 is a 
large studio about 45 by 45 feet. It includes a 
complete walkway/cableway grid for lighting, 

four 41/z-inch Marconi image orthocon cam­
eras and a wealth of background props and 
screens. The smaller studios are science lab­
oratory demonstration units with overhead 
cameras on a flexible boom (GE Model TE-21). 
Three other vidicon cameras are also available 
in these studios for short lectures or black­
board explanations accompanying the dem­
onstration. 

The television staff usually produces an av­
erage of six new programs each week. Some 
of these are temporary programs done in the 
science laboratories which may be done live 
or recorded only on a helical scan recorder 
for limited repeats and erasure. Most produc­
tion is done in the studios. Some work has 
been done by taking cameras into other rooms 
in the building using long cables. For ex­
ample a special on library orientation was 
done in the library, and during the visit ( 
a Canadian member of Parliament camera 
were taken into one of the large auditoriums. 

LECTURE HALLS AND CLASSROOMS: 
Forty Receiving Sites 
Some forty locations throughout the building 
can receive television programs from the con­
trol center. These include five lecture halls, 
thirty science laboratories, and five class­
rooms. Three of the lecture halls seat two 
hundred people and have five monitors in 
each , plus a six by eight foot screen for rear 
screen projection from movie, slide, or tele­
vision projectors. The other two lecture the­
aters seat a hundred and forty-five people and 
have four television monitors each and two 
rear screens. The smaller classrooms include 
two 100-seat size with four monitors, and 
three SO-seat size with two monitors . The sci­
ence laboratories seat twenty and have two 
monitors. In tolal , the college has seventy 23-
inch Conrac television display monitors. Prin­
cipally designed for science use, the labora­
tories, seating about 20 people each, have 
turned out to be very good for other subjects, 
too, and are widely used throughout the day 
and evening. 

Switching from central control is done by 
a matrix network with 12 inputs, with room 
for expansion to 24: four videotape recorders. 
two telecine chains, the five studios and t 
off-the-air television tuners. Fifty locatio 
can be connected simultaneously from these 
12 inpu~. • 
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Technical Information: 

COMMENTS ON TELEVISION RESOLUTION 
By Roger Hibba rd 

Resolution is a measure of the resolving capabili­
ties of a television system. This term is also used in 
the optical, film and printing industries, although 
the definitions are qu i te d ifferent. It is the purpose 
here to present the accepted television resolution 
definition, poi nt o ut the parameters which affect 
it, and to comment on the relationship to fi lm 
resolution. 

Television reso lution is determined primarily by 
bandwidth, scan rates and aspect ratio. Te levision 
systems are general ly des igned to have equal hori­
zonta l and vertical reso lution. The aspect ratio, 
which is the ratio of pictu re width to height, is 4:3 
for U.S. broadcast and closed circuit te levision 
systems, and is quite generally used elsewhere. 

HORIZONTAL RESOLUTION 
Television horizontal reso lution is defined as the 
maximum number of black and white vertical bars 
that can be resolved within a horizontal expanse 
of raster equal to one picture height.'·' Height 
equals 0.75 x picture width; therefore, with this 
aspect ratio, the horizontal resolution is the maxi-

·m number of black and whi te bars resolved 
1in 3/. of the width of the television raster, 

.. o1ch is equa l to one picture height. Therefore, 
horizontal reso lution is expressed in terms of lines 
per picture he ight. It is common in the industry 
to refer to reso lution in terms of lines and to pre­
suppose the remainder of the te rm. 

Horizontal resolution is primarily determined by 
the bandwidth, the active line t ime and the aspect 
ratio. For instance, a slow-scan television system 
can give very high resolution using long periods 
for scanning and narrow channe l bandwidth. If 
larger bandwidths are available, resolution can be 
increased vertica l ly by increasing the line scan 
rate, and horizontal ly by use of the available chan­
nel bandwidth . Vertical resolution is not affected 
by bandwidth. 

A useful factor for relating ho rizontal resolution 
to system bandwidth or vice versa is the Horizon­
tal Resolution Factor.' For a television system with 
an aspect ratio of 4:3, the Horizontal Resolution 
Factor is defined as: 

HRF = ~ T (in lines per MHz), where T is 
the active horizontal line time 
(horizontal scan period minus 
horizontal blanking time) 

The U.S. 525/60 television system has a Horizontal 
Resolution Factor of 80 lines per MHz. With a stan­
dard bandwidth of 4.2 MHz, the nominal reso­
lution is 340 lines. The 675/60 closed circuit tele­
vision system has a Horizontal Resolution Factor 
of 59 lines per MHz and generally requires a 7.5 
MHz bandwidth to provide 440 lines horizontal 
resolution. The 945/60 closed circuit television sys­
tem has a Horizontal Resolution Factor of 40.5 and 
requires 15 MHz to provide 615 lines horizontal 
resolution. The bandwidth referred to for the Hor­
izontal Resolution Factor is the 3-dB bandwidth. 

TICAL RESOLUTION 
~vision vertical resolution is defined as the 

maximum number of black and white horizontal 
bars that the system can resolve. It is also expressed 
in lines per picture height. 

The vertical resolution of a te levision system is 
determined by the number of active horizontal 
lines per frame (the total line count minus the 
number of l ines in vertica l blanking). The actual 
vertical resolution (for an interlaced te lev ision sys­
tem) equa ls the number of active li nes per frame 
times 0.7, where 0.7 is the Kel l factor. (The Ke l l 
factor is expe rimenta l ly derived and represents the 
relationship between the tota l number of active 
scan lines pe r frame, and the actua l reso lving pow­
er determined in a visual manner.) The ve rtica l 
resolution of the 525/60 televis io n system can be 
determi ned by the fo ll owing routine : consider 
that each fie ld blanking period contains 20 inactive 
horizontal l ines, and that there are two fie lds per 
frame; the refore, subtract 40 l ines from the tota l 
line count of 525 and multiply the resu l ting num­
ber by 0.7. The resu l ts sho uld show a vertica l reso­
lution of 340 lines for this system. 

For a random interlace television system the Ke l l 
factor is not applicab le, and the vertica l resolution 
is equal to the number of active lines pe r frame. 

RESOLUTION MEASUREMENT 
Television reso lution is normally measured visual­
ly while the system is reproducing a test pattern 
such as shown in Figu re 1. The upper central group 
of black and white lines is the resolution wedge. 
The line thickness and spacing at the top of the 
wedge equals 200 lines per picture height when 
the came ra scans the full test pattern. The bottom 
of the wedge p resents a line spacing of 400 l ines 
per pictu re height. The wedge immediately below 
gives a test range of 300 to 800 lines reso lution. 
The resolution is determined by the point at which 
the wedge line pattern loses contrast, but the in­
dividual l ines are still clear ly discernible. In the 
test pattern shown, the television system resolu­
tion has been bandwidth l imited to approximately 
550 lines per picture height. 

Reso lution, as defined for te levision, does not 
directly correspond to resolution as it is defined 
for the optical, fi lm and printing industries. Te le­
vision resolution measurements refer lo the maxi­
mum number of discernible black and white lines 
that can be resolved within the dimension of o ne 
picture height. Optical resolution is referred to in 
terms of cycles per mi l limeter, l ine pairs per milli­
meter, or lines per millimeter. Each of these in­
terchangeable terms refers to pairs of lines and 
the resolution capability is generally accepted as 
the maximum number of line pairs per millimeter 
that can be visually resolved. Since television reso­
lution is relative to picture height and optical 
resolution to the millimeter, no direct conversion 
factor exists. 

The resolution of a television system is inde­
pendent of the image or monitor screen size. The 
definition refers to the number of resolvable lines 
within the picture height, whatever that height 
may be. 

1. D. Fink, Television Engineering Handbook, McGrow­
Hill 1957, Ch. 1, p. 60. 

2. RETMA, 1952. 

3. D. Fink, Op. Cit., Ch. 1, p. 13. 

FIGURE 1. Typical test pattern used to measure resolution. 

FIGURE 2. Television raster with a 4:3 aspect ratio. Height equals three­
quarters of the width . 

FIGURE 3. Horizontal resolution is the maximum number of black and 
white vertical bars that can be visually resolved within three-quarters of 
the width of the raster. It is expressed as lines per picture height , or more 
commonly , as lines. 

FIGURE 4. Vertical resolution is the maximum number of black and white 
horizontal lines that can be visualty resolved . It is also expressed as tines 
per picture height or lines. 
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