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ABSTRACT 

The various  equipments,   processes,   methods,  and 
s t u d i e s   p e r f o r m e d   i n  the Airways Operat ions  Evaluat ion 
Cen te r ,   unde r   p ro j ec t s   a s s igned  by t h e  Alr Navigation 
Development  Board  and the  Airways  Modernization  Board, 
a r e   summar ized   i n  t h i s  r e p o r t .  
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PURPOSE 

on t h e   a c t i v i t i e s  of  t h e  Airways  Operations  Evaluation 
Center  o f  t h e  FAA Technical  Development  Center a t  
Ind lanapo l i s ,   I nd .   Those   ac t iv i t i e s   cove red  i n  Technica l  
Development   Reports   are   referred to b r i e f l y .   O t h e r  
a c t i v i t i e s   a r e   d e s c r i b e d   i n  more d e t a i l ,   w i t h   i l l u s t r a t i o n s  

The purpose of th is  r e p o r t  is t o   p u b l i s h   i n f o r m a t i o n  

SUMMARY 

of dhe  Airways  Operations Evalua t ion  Center  from i t s  be- 
T h i s  r epor t   r ev iews  t h e  h i s t o r y  and accomplishments 

g i n n i n g   i n   J a n u a r y  1953 until i t s  c l o s i n g  i n  April  1959. 
Each of t h e   m a j o r   p r o j e c t  tasks of the Airways Operat ions 
Evalua t ion   Center  is desc r ibed .  A b ib l iog raphy   o f   t ech -  
n i c a l   r e p o r t s   r e s u l t i n g   f r o m   t h e s e   a c t i v i t i e s  i s  inc luded .  
The p r o j e c t   t e s t s   n o t   c o v e r e d  by s e p a r a t e   r e p o r t s   a r e   d e -  
s c r i b e d   i n  more de ta i l ,  w i t h  i l l u s t r a t i o n s .  Also  included 

program. 
is a summary of t he  funding  and p e r s o n n e l   a s s i g n e d   t o  t h i s  

2 



INTRODUCTION 

In 1952, a  project  was  proposed  by  the  Clvll 
Aeronautics  Adminlstratlon  (CAA) f o r  the  establishment of 
an  Airways  Operatlons  Evaluation  Center  (AOEC)  at 

permit  operational testmg and evaluation of new navlgation 
Indianapolis,  Ind. The  purpose of this  facility was to 

and  air  traffic  control  equlpments in a laboratory-type 
facility. On January 14, 1953, the Air Coordinating 
Committee  approved  the  proposal. In this  approval  was a 
stipulatlon  that  the Alr Navlgatlon  Development Board 

nance  the  project,  which  was  designated  as ANDB Project 1.4. 
(ANDp)  would  provide funds to  construct  quarters  and fi- 

At the  outset  an  envlronment  includlng an Air Route  Traffic 
Control (ARTC)  Center, an airport  traffic  control  tower,  and 
an airways  communications  station  were  to  be  operated  as  one 

when  the  Administrator of the  Civil  Aeronautics  Adminis- 
combined  facility.  The  program  was  started  early In 1954 

tratlon  produced a revised plan in which the  AOEC would be 
a  part of the  Technical  Development  Center  (TDC)  and  be 

nearest TDC then was  located at  Cincinnati,  Ohio, it was 
constructed near an operating  ARTC  Center.  Since  the  Center 

environment  and  move  the  Center to Indianapolis, for the 
decided to  use  the  Cincinnatl  Center's area f o r  the  AOEC 

following  reasons: 

and  technical  manpower  at TDC. 
1. The AOEC would  have  access  to  all of the  facilities 

was a  good,  representative  sample. It was not so heavy 
2. The  alr  traffic in the  Cincinnati  Center's  area 

that  experiments  would  be  impeded, nor so light  that  the 
results  would  not be valid f o r  high-density  locations. 

Center  areas 
3. The ARTC area  was  surrounded  by  seven  other ARTC 

the  area,  some  equipped  totally  wlth  jet  aircraft. 
4. There  were  three  major rnilltary bases  located in 

Base ( A F B )  where  several  groups,  including  TRACALS,  were 
5. The  locatlon  was  near  Wright-Patterson Air Force 

engaged in air  traffic  control  development  and  evaluation 
programs. 

several  moderately  large  civll  air  terminals  served by air 
6. In addition  to  the  military  bases,  there  were 

carrier  aircraft. 

3 



independent ly  of t h e  Technical  Development  Center  but was 
s t a f f e d   t o   p r o v l d e   r o t a t l o n  of c o n t r o l   p e r s o n n e l   i n t o   t h e  
t e s t i n g   l a b o r a t o r y   o f  t h e  AOEC when It was d e s i r e d  t o  
c o n t r o l   l l v e  f l i g h t s  o p e r a t i n g   u n d e r   i n s t r u m e n t   f l l g h t  
r u l e s .  

In  t h e   p l a n ,  the  I n d i a n a p o l i s  ARTC Center   opera ted  

U n t i l   d e a c t i v a t e d   i n  Apri l  1959, t h e  AOEC was a c t i v e  
in   deve loping   and   per forming   sys tem  eva lua t lon   of  a i r  t raf-  
f i c   c o n t r o l  equlprnent   and  procedures   for   centers ,   towers ,  
a n d   c o m u n l c a t i o n s   s t a t i o n s .  Some of  the  equipments  and 
t echn iques   have   been   eva lua ted   a l so   i n   t he  New York, 
Wastiington,  Boston,  and  Chlcago areas. 

p r o j e c t  tasks undertaken by t h e  AOEC and some d e t a i l s   o n  
those  tasks not   inc luded   in   o ther   Technica l   Development  
Repor t s .   De ta i l ed   desc r ip t ions   and   i l l u s t r a t ions   have  
been  omitted  on the  p r o j e c t  tasks which are c o v e r e d   i n  
s e p a r a t e   r e p o r t s .  

FUNDING AND PERSONNEL 

T h i s  r e p o r t  was p repa red   t o   p rov ide  a summary of a l l  

P r o j e c t  tasks a n d   a p p r o p r i a t i o n s   f o r   t h e  AOEC were 
provlded by severa l   sources .   Dur ing   F isca l   Years   1952 
through 1955, a l l  p r o j e c t  tasks and funds  were  supplied  by 
ANDE3. S ince   F isca l   Year  1955, funding was obtained  f rom 

Regulat ion O&R) Budget o f  t h e  CAA, and t h e  Fede ra l  Aviat ion 
t h e  Airways Modernization  Board ( A M B ) ,  t h e  Operat ion and 

Agency (FAA I . During th i s  l a t t e r   p e r i o d ,   p r o j e c t   t a s k s   o n  
in-serv ice   Improvements   were   genera ted   e i ther   wi th in  TDC o r  
f rom  the   va r ious   ope ra t iona l ,   ma in tenance ,   and   i n s t a l l a t ion  
o f f i c e s   w i t h i n  the  CAA.  The longer-range  programs  were 

TRACALS a c t i v i t i e s  a t  Wright-Pat terson Am. An approximate 
developed i n   c o o p e r a t i o n  w l t h  t h e  AMB and the  Air F o r c e ' s  

breakdown  of  expenditures i s  shown b e l o w   b y   f i s c a l   y e a r :  

F i sca l   Yea r  
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
Tot a1 

T o t a l  Expendi tures  
162,600 
62,000 

420,500 

717 - 000 

93,900 

1,250, 000 

4 



was provided  by  the Air F o r c e   t o   e s t a b l i s h   c e r t a i n   r a d a r ,  
microwave l m k ,  and  display facilities Approximately 30 
personnel ,   no t   lnc luding   personnel   f rom  the   Ind ianapol i s  
ARTC Cen te r ,   were   ac t ive   i n  t h l s  program. The complement 
was a r r a n g e d   i n  a team  concept ,   lncluding  engineer ing  and 

p r o j e c t   t a s k   c l o s e r   c o o r d l n a t i o n   o f   t h e   t e c h n i c a l   a n d  
a x w a y   o p e r a t i o n s   s p e c i a l i s t s .  T h i s  b rough t   i n to   each  

o p e r a t i o n a l   a s p e c t s  of the  problems. 

Approxlmately 1 million d o l l a r s   o f   t h e   a b o v e   t o t a l  

Close  cooperat lon was main ta ined   dur ing   the  AOEC 
program w l t h  t h e  Air Force and Navy a c t i v i t i e s   i n   t h e   a i r  

personnel   f rom  the  Air Force ' s  TRACALS group a t  Wright- 
t r a f ' f l c   c o n t r o l   f i e l d .  A coo rd ina t ion  team, i n c l u d m g  

P a t t e r s o n  AFB, Am, and TDC, developed many of   the  program 
tasks and  arranged  for   loans  of   equipments .  

PROJECT TASKS 

i n i t i a l  t e s t s   t o   b e  made l n  t h e  AOEC was t h e   u s e  of a pan- 
a .  Panoramic Operat ions (PANOP) Display.  One o f   t he  

oramlc  operat lons (PANOP) d l sp l ay ,  shown i n   F l g .  1, us ing  
a l a r g e - s c a l e   h o n z o n t a l   r a d a r   p l o t t h g   t a b l e  on  which 
r ada r   da t a   were   p roJec ted   f rom  an   ove rhead   p roJec to r .  I n  
t h e  beg inn ing ,   t he   d i sp l ay  was on a h o r i z o n t a l   t a b l e   l a r g e  

p e r   i n c h  t o  5 mi les  p e r  i nch .  On t h i s  t a b l e   t o p ,  the  n a v i -  
enough t o  pe rml t   t he  use  o f  v a n a b l e  s c a l e  maps from 2 mi l e s  

g a t i o n a l  map, similar t o  a Coast  and  Geodetic RF c h a r t ,  was 
d isp layed   by  use of C h a r t - P a k  t ape ,   ou t l i n ing   t he   a i rways  
and   the  VOR n a v l g a t i o n a l  facilities. At t ached   t o  the  t a b l e ,  
o r  on po r t ab le   conso le s ,   were   communica t ions   f ac l l i t i e s .  
These  included  lnterphone 102A key  boxes  and  receiver   and 
t r ansmi t t e r   a i r /g round   r ad io   con t ro l s .  Enough ln te rphone  
l i n e s  were  terminated in   these   boxes   to   permi t   communica t ion  
w i t h   a l l   t h e   a g e n c i e s  t ha t  would  supply  information  to  the 
p a r t i c u l a r   s e c t o r s   b e i n g   s m u l a t e d  or con t ro l l ed   f rom the  
panoramic  table.   Air/ground  communications  included r e -  

m i l i t a r y ,   a n d   a l r   c a r r i e r   a i r c r a f t .  Emergency f r e q u e n c i e s  
ce lvers   and  transmitters f o r   f r e q u e n c i e s   u s e d   b y   c i v i l ,  

a l s o   w e r e   a v a i l a b l e .  

The t e s t l n g  on the  PANOP was s i m p l i f i e d  by us ing   on ly  
two s e c t o r   a r e a s   o f   t h e   I n d l a n a p o l i s  ARTC C e n t e r .   I n   t h i s  
arrangement, two c o n t r o l l e r s ,  two ass is tant  c o n t r o l l e r s ,  
one  coordinator ,   and  one  radio  a i r /ground  operator   were 
used (Flg. 1) A l l  o f   t h e s e   c o n t r o l l e r s   w e r e   p a r t   o f  the  
normal ARTC Center  complement.   In  addltion,  personnel  from 
t h e  Technical   Development   Center   ass igned  to   the AOEC p r o j e c t  
a s s i s t e d   i n   t h e   c o o r d l n a t i o n ,   w r o t e   t h e   t e s t   p r o g r a m ,  

5 



provided  the  equipment,  suggested  procedures,  collected 

recommendations on the  test  program. 
test  data,  studied  the  results,  and  prepared  reports and 

The  PANOP  evaluation  was  carried  out  to  determine its 
feasibility for combining  tabular  flight  information with 
radar information.  Small  metal  markers  with paper inserts 
on which  flight  information  could  be  written in abbreviated 
form were  used.  Only  one  insert  was  prepared per flight, 
whereas  conventional  flight  strips  would  average  approxi- 
mately four per flight. Figure 2 shows  the  flight  progress 
insert in a  metal  marker.  Space for fou r  estimates  and 
f o u r  posltion  reports was provided on each  strip. 

PANOP  tests  were  made  both with and  without  radar. 
The  first  tests  were  restricted  to radar flight-following; 
then flight-followmg wlthout radar was  evaluated to prove 
that  the  system  was  fail-safe in the  event of radar failure. 
Without  radar,  the  markers  were  moved  as  time  progressed. 

both air/ground  and point to  point.  Initially, measure- 
The  study  included an analysis  of  communications workload, 

ments  were  made  by  simulating  communication  workload, then 
by communicating with VFR flights,  and  finally by per- 
forming  all of the  necessary air/ground communications  with 

flights  that  could be handled  by  one  controller  and one 
IFR  flights.  Measurements  also  were  made of the number of 

assistant,  including  the  moving of flight  markers  and of 
scanning  the  board for conflicts. 

After  several  weeks of simulated  control  and flight- 
following,  actual  control  was  taken  over on VFR days.  This 
activity  gradually  increased  in  scope  and into increasingly 
inclement  weather  conditions. ASR-2 radar was used in some 
cases f o r  flight-following;  however,  control  was  based upon 

mation  was used f o r  flight-following, it was projected  onto 
standard  time  and  altitude  separation. When radar lnfor- 

the  panoramic  board  through a Norelco TV pro  ector  and  the 
SRD-1 bright  tube  display  equipment1  (Fig. 3 .3 . The primary 
radar information was supplied  by  the  Indianapolis ASR-2 
radar. 

From questionnaires  answered  by  the  controllers, and 
data  collected  durlng  the  evaluatlon  tests,  the  following 
concluslons  were  reached: 

flight progress  boards. 
1. The panoramic  display is more  tiring to use  than 
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2 .  I n  a PANOP o p e r a t i o n ,   t h e  assistant c o n t r o l l e r  
can   g lve  more a s s i s t a n c e   t o   t h e   c o n t r o l l e r   s i n c e  h l s  
c l e r i c a l   w o r k l o a d  1s l e s s .  

3. I t  was more d l f f i c u l t   t o   s p o t   p o t e n t i a l  
c o n f l l c t i o n s   o n  t h e  panoramic dlsplay.  

4. The panoramic  display  could  be  used  wlthout  radar 
for c o n t r o l l i n g   i n s t r u m e n t - f l i g h t - r u l e   t r a f f l c ,  I f  necessary .  

a i r  defense as wel l  as for a i r  t r a f f l c   c o n t r o l .  the  A i r  
a .  Rockvi l le  ADC Radar. S m c e   r a d a r  i s  employed f o r  

Forc'e  and t h e  CAA agreed  tha t  an   eva lua t ion   shou ld  be con- 

for ATC purposes .   Surveys  of  a number of Alr Defense 
d u c t e d   t o   d e t e r m l n e   t h e   f e a s i b i l i t y  of us ing   defense  radars 

Command ( A D C )  radar s i t e s  were made I n   t h e   c o a s t a l   a r e a  
from  Norf3lk, Va. ,  t o  Boston, Mass.* It was obvious  from 
this  survey tha t  c e r t a m   d l f f e r e n c e s   l n   o p e r a t i o n  of radar 
equipment  by ADC and   the  CAA, due t o  t h e  n a t u r e  of t h e i r  
missions,  made i t  d e s l r a b l e   t o   e v a l u a t e   a n   a c t u a l   J o l n t - u s e  
operat lon.   Accordingly,  a p r o J e c t  task was planned  and 

Rockvl l le ,  I n d . ,  a s i t e  60   mi les   wes t  of I n d i a n a p o l i s .  To 
a c t l v a t e d  i n  1955 on t h e  J o i n t   u s e  of t h e  ADC radar s l t e  a t  

exped i t e   t he   eva lua t ion ,   t he   Te r re   Hau te   s ec to r   o f   t he  
Ind lanapo l i s   Cen te r  was decen t r a l i zed   and   ope ra t ed  a t  t h e  
R o c k v i l l e   s i t e .  

To i n i t i a t e   t h e  task, coord ina t lon  w l t h  t h e   m l l i t a r y  
agencies, l e t t e r s  of agreement ,   p rocedures   for   opera t lon ,  
a d v l s o r i e s   t o   i n d u s t r i e s ,   a n d   o p e r a t l o n s   l e t t e r s   c o v e r i n g  
a d e c e n t r a l i z e d   o p e r a t l o n   w e r e   r e q u i r e d .  The CPS-GB r a d a r  
data a t  Rockvi l le   were  remoted  by  cables   f rom  the ADC con- 
t r o l  room t o   q u a r t e r s  i n  a vacant   barracks  where t he  de- 
c e n t r a l i z e d  ATC s e c t o r  was es t ab l l shed .   Dur lng  the  p e r i o d  
tha t  the  radar remotmg  equlpment,  communlcations  equipment, 
f l i g h t  p rogres s  boards,  and radar d l sp lays   were   be ing   i n -  
s t a l l e d  a n d   t e s t e d   ( F l g .  4) ,  per sonne l   f rom  the   Ind lanapo l i s  
ARTC Center   and   a l so  from the  Technical  Development  Center 
were   t ra ined ,  f l r s t  l n  t h e  TDC s i m u l a t o r  and t h e n   i n  t h e  
AOEC environment, for t h e   t y p e  o f  o p e r a t l o n  t ha t  would be 
c a r r i e d  on at  Rockvi l le .  

t r a f f l c  from March 19, 1956, t o  June 30, 1956. Durlng t h i s  
The R o c k v i l l e   d e c e n t r a l i z e d   s e c t o r   c o n t r o l l e d  IFR 

p e r l o d ,   t r a f f i c  was c o n t r o l l e d  16 hours   per   day,  5 days   per  
week. I n   t h e   b e g l n n l n g ,   t h e   d e c e n t r a l l z e d   s e c t o r  was q u l t e  

t e rmina l .   La te r ,  th i s  was expended t o   i n c l u d e  the 
small, l nc lud lng   on ly  t h a t  a rea   su r round lng   t he   Te r re   Hau te  
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Lafayette te rmina l   and   the   in te rvening   space   be tween 
La faye t t e  and Terre  Haute.  

a t  Rockvi l le   included  an SPA-8 p l a n   p o s l t i o n   I n d i c a t o r  

TV p r o j e c t i o n   d l s p l a y   o n  a panoramic  board,   and  an  Iatron 
( P P I ) ,  a scan-converted  General  Precision Laboratory (GPL) 

6 ) .  Ne l the r  the  GPL n o r   I a t r o n   p r o j e c t i o n  units p r o v e d   t o  
d lsp lay   p rOJeCted   on   the  same panoramic  board  (Figs.  5 and 

b e   s u c c e s s f u l   i n  t h i s  t es t  and  were  not  used f o r  a c t u a l  

t h e s e   s y s t e m s   w e r e   n o t   a c c e p t a b l e   a r e   e x p l a i n e d   i n   a n o t h e r  
c o n t r o l  of t r a f f l c  for more t h a n  a few  hours. The reasons  

s e c t l o n  of this r e p o r t .  

The equlpment  used f o r  d i s p l a y i n g   t h e  radar in fo rma t ion  

u s i n g   t h e   R o c k v l l l e  ADC radar   were :  
The conclus ions   f rom  opera t ing  a d e c e n t r a l i z e d   s e c t o r  

1. The c o o r d i n a t i o n   p e r  f l i g h t  handled  by t h e  remote 

T h i s  n e c e s s i t a t e d   a d d l t i o n a l   f a c i l i t i e s  f o r  coord ina t ion  
s e c t o r  was e s t i m a t e d   t o   I n c r e a s e  from 20 t o  4 0  p e r   c e n t ,  

and f l i g h t  data t r a n s f e r .  

t h e   d l r e c t   c o m u n l c a t i o n s .  
2 .  Additional radlo  equipment  was n e c e s s a r y   t o   h a n d l e  

f l i g h t  handled  because o f  radar c o n t r o l ,   r a d i o  
c o m u n l c a t i o n s ,   a n d   t h e   i n c r e a s e d   c o o r d m a t i o n .  

3. The personnel  complement was somewhat larger  p e r  

4. The a d d i t i o n a l   p o s i t i o n   r e p o r t s   a n d   t h e  

workload. 
requirement f o r  changing  f requency  added  to  the p i l o t ' s  

necessa ry  f o r  a l l  p e r s o n n e l   t o   h a v e  a c l ea rance  and an  
5. R o c k v i l l e   b a s e   s e c u r i t y   r e g u l a t i o n s  made i t  

i d e n t i f i c a t i o n .  Thls  e v e n t u a l l y  was reduced   t o  a r o u t i n e  
b u t   n e v e r t h e l e s s ,  was a con t inua l   annoyance   f ac to r .  A l l  

which, i n  turn ,   forwarded  them t o  Rockv i l l e .  
s e c u r i t y   c l e a r a n c e s   h a d   t o   b e   s e n t   t o   D i v i s i o n   H e a d q u a r t e r s  

o p e r a t l o n  of t he   de fense  radar i n t e r f e r e d  w l t h  t h e  ATC use 
of t h e  radar data d u r i n g   s u c h   a t t a c k s .  

6 .  Planned or s u r p r l s e   c o u n t e r m e a s u r e s   a g a i n s t  

7 .  The p a r t l c u l a r  ADC radar   equipment  was n o t   I d e a l l y  
s i t e d   f o r  ATC purposes .  Movlng t a r g e t   i n d l c a t o r  (MTI) was 
n e v e r   a v a i l a b l e ,   g r o u n d   c l u t t e r  was a s e r i o u s   I m i t a t i o n ,  

po in ts   and   a i rways  was u n s a t i s f a c t o r y .  
and radar cove rage   ove r   t he   impor t an t   nea rby   r epor t ing  
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8 .  The radar system was unusable  more than  10 p e r  
cent   o f  t h e  t ime   t o   pe r fo rm  rou t ine   and   co r rec t ive  
maintenance 

a u t h o r l t l e s   w e r e   i n s t r u c t e d   b y  ADC t h a t  t he  ATC f u n c t i o n  
was n o t   t o  "interfere" w i t h  the  defense  mlsslon.   Al though 
a l l  concerned  were  cooperatlve,   the  absence  of  complete 
understandmg  and t h e  r e l u c t a n c e  o f  t h e  m i l l t a r y   a u t h o r -  
i t i e s   t o   b e   r e s p o n s l b l e   f o r   l n t e r p r e t l n g   t h e   d e g r e e  o f  
p o s s i b l e  compromise t o  t he   de fense   ml s s lon   p reven ted   fu l l  
u se   o f   t he  radar's c a p a b i l i t y   f o r  a i r  t r a f f l c   c o n t r o l .  

9. The Base Commander and a l l  In t e rmed ia t e  

r e a u l r e m e n t   e x i s t u x  for   the   economlca l   t ransmiss lon   of  
c .  Narrow-Band Transmlsslon  Systems: To meet the 

radar in fo rma t ion   f rom  r emote   s l t e s   l n   t he   Ind ianapo l i s  
a r e a   t o   t h e  AOEC, a narrow-band  t ransmisslon  system  and 
equipment known as RAFAX was l e a s e d  from i t a   m a n u f a c t u r e r ,  
Hal le r ,  Raymond and Brown (HRB). The RAFAX flrst  was 
tes ted  as a slowed-down  vldeo (SDV) equipment t o   t r a n s m i t  

Development  Center, I n d i a n a p o l l s .  T h i s  t e s t  was ope ra t ed  
secondary radar from Wright-Pat terson A F E  t o  the  Technical  

during  Apri l   and May, 1956, t he  r e s u l t s  of whlch were pub- 
l i s h e d   i n   a n o t h e r   r e p o r t . 3  The r e p o r t  recommended t h e  use 
of t h e  beacon  and  devices  such as RAFAX to  remote  beacon 
p o s l t i o n  data to   p rov lde   Immedia t e   a s s i s t ance   t o  t he  high-  
a l t i t u d e   t r a f f l c   c o n t r o l   s y s t e m  

parameter  RAFAX sys tem  for   ex tended  tests o f  t h l s  device  
f o r  t r a n s m l t t l n g  radar i n f o r m a t l o n .   B r l e f l y ,  th i s  system 

range .  T h i s  bandwldth  reduct ion 1s accompl ished   by   s tor lng  
conver t s  radar v l d e o   t o  a narrow-band  s ignal  In  the   audio  

t h e  radar video  on  an  lntensl ty-modulated  cathode-ray  tube 
(CRT) w i t h  a J-type  sweep. The CRT i s  scanned  mechanically 

r e d u c t i o n  i s  a f u n c t i o n  of t h e   r a t l o   o f   t h e   w r i t i n g   r a t e  
th rough  an   op t lca l   sys tem  and   photo tube .  The bandwidth 

on t h e  CRT and   the  mechanical r e a d - o f f   r a t e .  The radar 

narrow-band  video and re l ayed   ove r  a s lng le   t e l ephone  or 
az imuth   and   t r igger   ln format lon  i s  comblned w i t h  t h l s  

rad lo   channel .  A s p e c i a l   i n d l c a t o r   u s i n g  a 12-inch CRT 
a t  t h e   r e c e i v i n g   e n d  of t h e   l i n e   d l s p l a y s   t h e   v i d e o  a t  t h e  
slowed-down r a t e .   I n   a d d i t i o n   t o   b e l n g   a b l e   t o   d i s p l a y  
radar informatlon  on a cathode-ray  tube a t  t h e   r e c e i v i n g  
end, i t  a l s o  i s  p o s s i b l e   t o   r e c o r d   t h e   c o m p r e s s e d   s l g n a l s  
on  magnet lc   tape  and  hence  re ta ln   the radar Informat ion  for 
r ep roduc t ion  a t  some o t h e r   t i m e .  The RAFAX equipment was 
t e s t e d  a t  Chicago,   Indianapol ls ,   and New York. The tests 
are c o v e r e d   i n d i v i d u a l l y   i n  t h e  fo l lowing   paragraphs .  

Durlng  Fiscal   Year  1956, t h e  AOEC procured  a v a r i a b l e -  
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(1) Chicago:  During  October of 1956, a RAFAX 
encoder  and RAFAX decode r   l nd lca to r   were   t e s t ed  as l i nkage  
between t h e  FPS-8 radar s l t e  on West 6 3 r d   S t r e e t ,   a n d   t h e  

networks  between  the  encoder  and  decoder were u s e d   t o  sim- 
ARTC Cen te r   l oca t ed  1 mile  away on   Cent ra l   Avenue .   F i l te r  

u l a t e   t h e   v a r i o u s   l m e   c h a r a c t e n s t i c s  and lengths   During 
t h e s e   t e s t s ,  slowed-down  scan  rates of 30, 60, and 120 
scans   pe r   s econd   were   t r l ed .  By changlng  the  f requency  of  

per   scan  could  be  obtained  Photographic   comparisons  were 
t h e   v l d e o   c a r r i e r ,   r e s o l u t i o n s  o f  100, 200, or 300 elements 

made between the  l n d i c a t o r   o f   t h e  RAFAX and t h e  OA-99 
m d l c a t o r s   o f  t h e  FPS-8 r a d a r .  

i n   t h e  AOEC i n x l  1957, the  ASR-2 a t  Indianapol i s   and  
t h e  CPS-6B Rockv i l l e   da t a ,   r emoted   t o   Ind ianapo l i s  by  micro- 
wave l lnk,   were  encoded  by  the RAFAX and f i l t e r s   s i m u l a t i n g  
different l i n e   c h a r a c t e r i s t i c s   w e r e   t e s t e d .   V a r i o u s   d i s -  
p l ays ,   Inc lud ing   PPI ' s   and   p ro j ec t ed  radar th rough   t he  GPL 
and  Iatron  systems,  were  compared w i t h  t h e  p r e s e n t a t i o n  of 

f l y l n g  on   prede termined   pa t te rns   were   f l igh t - fo l lowed  by  
the RAFAX decode r   i nd ica to r .  The t a r g e t s  of a i r c r a f t  

o p e r a t l o n a l   p e r s o n n e l   a n d   t h e   q u a l i t y  of t a r g e t   r e c o r d e d  
f o r  comparison. I n  a d d l t x o n   t o  t h l s ,  sub jec t rve   op in ions  

The r e s u l t s  of t h e s e   t e s t s   d l d   n o t   r e v e a l   a n y   o u t s t a n d i n g  
a n d   p h o t o g r a p h i c   r e s u l t s   w e r e   r e c o r d e d   f o r   l a t e r   s t u d y .  

d e f i c i e n c y  In  t h e  RAFAX opera t ion ,   a l t hough  some azimuth 
s h i f t  e x i s t e d   d u r i n g   t h e   t e s t s .   R e s u l t s   i n d i c a t e d   t h a t  a 
l i n e  bandwidth of 15 kc   p roduced   the   bes t   p resenta t ion   and  

p i c t u r e  and an a n t e n n a   s c a n   r a t e  of 6 rpm. For  a 30-mile- 
5 kc was t h e  minlmwn accep tab le  f o r  a 100-mile-radlus  

r a d i u s   p i c t u r e ,   s u c h  as from  an ASR-2 or ASR-3 o p e r a t i n g  
a t  r o t a t l o n   r a t e s  of 26 rpm, t h e  m~nlmum l lne   bandwidth  
accep tab le  was 15 kc .  

( 2 )  Indianapolis. Dur ing   t he   Ind ianapo l i s  tes t  

( 3 )  New York .   Fo r   s eve ra l   mon ths   p r io r   t o  moving 
t h e  RAFAX t o   t h e  New York area, a tes t  had been  conducted 
u s i n g   t h e   I a t r o n  for p r o J e c t i n g   t h e  N e w  York  FPS-8 radar 
on a panoramic  dlsplay.   During t h i s  t e s t ,  i t  was d e t e r -  
mined tha t  the area for armroxlmatelv 20 mi l e s   ou t  from 
t h e  FPS-8 s l t e  was s e r i o u s i   c l u t t e r G d  w i t h  MTI r e s i d u e .  
The ASR-3 radars   used  by bofh   the   Id lewl ld   and   LaCuard ia  
Towers  dyd not   have   th l s   p roblem  and   hence ,   the   c lose- in  
p r e s e n t a t i o n  was somewhat  improved. It was f e l t  t h a t  by 
b l ank ing   ou t  the  f l rs t  20 t o  30 mi l e s   o f   t he  FPS-8 r a d a r  
and   by   i n se r t ing  a d lsp lay   showlng  the  ASR-3 r a d a r ,  a 
compos i t e   p i c tu re   cou ld  be p r e s e n t e d   t o   t h e   C e n t e r   c o n t r o l -  

from t h e   r a d a r  s i t e  t o  the maximum range o f  the  long-range 
l e r s  whlch  would  give t h e  con t ro l l e r s   comple t e  coverage 
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radar. To accompllsh t h l s ,  t h e  RAFAX encoder was p laced  

over  a l 5 - k ~  t e l e p h o n e   l i n e   t o   t h e  ARTC C e n t e r   a t  the  
i n  t he  I d l e w l l d  Tower and ASR-3 i n f o r m a t l o n   t r a n s m i t t e d  

o t h e r   s i d e  of the f i e ld ,   app rox ima te ly  1 mile  away. It 
was decoded  and  displayed  through a second   I a t ron   p roJec -  
t o r .  The o t h e r   I a t r o n ,   d i s p l a y m g   l o n g - r a n g e   r a d a r   i n f o r -  
mation, was b l a n k e d   o u t   f o r   t h e  f i r s t  20 mi les   and   the  
ASR-3 l n f o r m a t i o n   p r o j e c t e d   i n  this a r e a  o f  the  d i s p l a y .  
A t  the   end  of  30 days ,   the  RAFAX encoder was removed  from 

The d i s t a n c e  between  the  LaGuardia Tower and  the Center  at  
t h e  I d l e w i l d  Tower a n d   i n s t a l l e d   l n  t h e  LaGuardia Tower. 

Idlewild was 9 1/2 ml l e s .  Here a g a i n  a 15-kc l i n e  was used 
f o r  a t r ansmiss ion  medlum.  The same type   o f   d i sp lay ,   us ing  
t h e   i n s e r t i o n  of t he  LaGuardla ASR-3 radar i n f o r m a t l o n   i n  
a p a t t e r n   o f   2 0   t o  30 ml l e s   nea r  the  c e n t e r   o f   t h e  area 

b o t h   t e s t s ,  t h e  RAFAX equipment ope ra t ed  s a t i s f a c t o r i l y  ex- 
covered by t h e  FPS-8 radar, was u s e d   f o r  t h i s  t e s t .   D u r i n g  

cep t   fo r   occas iona l   az imuth   t roub le .  The RAFAX t e s t s   e x -  
tended  over  approximately 60 days, 30 days w i t h  the   encoder  
i n   t h e   I d l e w i l d  Tower and 30 days w i t h  t h e  e n c o d e r   I n   t h e  
LaGuardia Tower A r e p o r t   o f   t h e  RAFAX t e s t  i n  New York 
was combmed w i t h  he r e p o r t  o f  t he  I a t r o n   t e s t   a l s o   c o n -  
d u c t e d   i n  New York 8 . T h l s  r e p o r t   a l s o   c o n t a i n s  
descr ip t ions   o f   the   equipments .  

Af te r   the   above-out l lned   exper lence  w l t h  RAFAX, It  was 
concluded that  t h e  system was sound   and   bas i ca l ly   t roub le -  
f r e e .  It had two inherent  problems,  however, that  caused 
i t  to   be   unaccep tab le  f o r  implementatlon. The f irst  was 
tha t  t h e   r e s u l t i n g   d i s p l a y  had a p lc tu re   r enewa l  rate a t  
t h e  same frequency as t h e   a n t e n n a   r o t a t i o n   r a t e .  In  many 
a p p l i c a t i o n s ,  i t  appeared that t h e  ATC a p p l i c a t i o n  of the 
remoted  display  would  not  requir 'e data r a t e s  as high as t h e  
a n t e n n a   r o t a t i o n  r a t e .  Since t h i s  was i n h e r e n t   I n   t h e  RAFAX 
design,  i t  meant t h a t  the  r e m o t i n g   c i r c u i t  had t o  have a 
g rea t e r   bandwld th   t han   r equ l r ed   t o   pas s   on ly   necessa ry  data.  
The second  def ic iency,   which a l s o  was i n h e r e n t   i n   t h e  RAFAX 

p l a y  RAFAX data. None o f   e x l s t l n g  CAA displays  would  handle  
concept,  was that  a s p e c i a l   i n d l c a t o r  was r e q u i r e d   t o  d i s -  

p e r i o d   r e q u i r e d   t o   d i s p l a y  RAFAX da ta ,  i t  was n o t   p r a c t i c a l  
t h e  slow RAFAX sweep. In   add l t lon ,   because   o f   t he   l ong  

t o  mix o r   t ime- sha re  th i s  Informat lon  wi th  normal   radar  data. 

N E W  YORK TEST  OF IATRON PROJECTION DISPLAY 

Technical  Development  Center, the  f i rs t  pro to type   console  
was d e l l v e r e d   t o   t h e  AOEC by the  Farnsworth Co. i n  t h e  
e a r l y   s p r l n g   o f  1956. Thls  equlpment was t e s t e d  

A f t e r   p r e l i m n a r y   t e s t s   o f   t h e   I a t r o n   t u b e s  at  t h e  
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o p e r a t l o n a l l y   a t   t h e   R o c k v i l l e   d e c e n t r a l i z e d   s e c t o r   i n  
June o f  19%. After a d d i t l o n a l   t e s t s   i n   t h e  AOEC a t  
Ind lanapo l i s ,   an   improved   I a t ron   d i sp l ay  was moved t o   t h e  
New York ARTC C e n t e r   i n  the  e a r l y   s p r i n g   o f  1957. I n  the  
New York Center ,   the  New York FPS-8 radar was f e d  t o  the  

I n   t h e  New York Center  Th i s  t e s t   c o n t i n u e d  a t  I n t e r v a l s  
I a t r o n  and a panoramic  display was e v a l u a t e d   b y   c o n t r o l l e r s  

i n s t a l l e d   i n  t h e  New York Center.   During  one  perlod,  while 
over   several   months A t  a l a t e r   d a t e ,  a second   I a t ron  was 

two I a t r o n s   w e r e   a v a i l a b l e ,   t h e  RAFAX was eva lua ted  as noted  
i n  the p reced lng   s ec t ion .  A t  New York, the I a t r o n   p r o j e c -  
t i o n   i n d i c a t o r   p r o v i d e d  a 4- foot   d l sp lay   on  a t ab le   de -  
plct ' lng the nor thwes t   sec tor   o f   the   met ropol i tan   a rea   f rom 
t h e   t h r e e   a l r p o r t s  o u t  t o  a dls tance  of   approximately 80 
miles.  A t  the  w h l t e   t a b l e  t o p  o f   t he   4 - foo t   d i sp l ay ,   t he  

r e f l e c t e d   b r l g h t n e s s .  
Ia t ron   produced   approximate ly  2.5 foo t - l amber t s   o f  

The 5 - lnch   I a t ron   t ube  i s  t h e   f o u n d a t i o n   o f   t h e  
p r o J e c t o r   i n d l c a t o r   a n d   c o n s i s t s   o f  two e l e c t r o n  beams, o r  

beam Both beams are pFOJeCted  onto a f l n e  mesh metal 
guns, one known as t h e   w r i t m g  beam a n d   t h e   o t h e r   t h e   f l o o d  

sc reen   suppor t lng  an i n s u l a t e d   l a y e r   f a c l n g  t h e  guns. An 
alumlnlzed  phosphor   screen  on  the  back  of   the  metal  mesh 
becomes t h e   e f f e c t l v e  d l sp lay  The w r l t i n g  gun  scans t h e  
i n s u l a t e d   l a y e r ,   w h l c h  has a h i g h  secondary   emis s lon   r a t io  

beam l n t e n s l t y .   S i n c e   t h e   i n s u l a t o r   p o t e n t l a 1  i s  nega t ive  
t o  t h e   w r i t i n g  beam w h l c h   d e p o s i t s   c h a r g e s   p r o p o r t i o n a l   t o  

w i t h  r e s p e c t   t o   t h e   f l o o d   g u n ,   t h e   f l o o d   g u n   e l e c t r o n s  

been   pos i t i ve ly   cha rged  by t h e  wr l tmg  beam, t h e   f l o o d  gun 
c a n n o t   p e n e t r a t e   t h e   i n s u l a t o r .  Where t h e   i n s u l a t o r  has 

phosphor   sc reen   to   form  the   p roJec ted  image. Thus, t he  
e lec t rons   a re   bunched   and   passed   th rough  the   a luminized  

v ldeo   Informat ion   which   has   been   wr l t ten   then   passes  
through the   a lummized   sc reen   and  is r e t a i n e d   o n   t h e   i n s u -  
l a t o r   u n t i l   e r a s e d .  T h l s  r e q u l r e d  t h a t  t h e   s c r e e n  be 
erased p e r i o d l c a l l y   t o   p r e v e n t   a c c u m u l a t i o n   o f   t a r g e t s   a n d  

were   t r ied ,   f rom t h e  manual,  where the  o p e r a t o r   e r a s e d   t h e  
c l u t t e r   t o   a n   u n d e s l r a b l e   l e v e l .   V a r i o u s   m e t h o d s   o f   e r a s i n g  

v a r i e d   i n   a c c o r d a n c e  w i t h  t h e   r o t a t i o n  rate of t h e  r a d a r  
s c r e e n  a t  hls will by a p u s h   b u t t o n ,   t o  a p u l s i n g   e r a s e ,  

antenna.   During  the New York t e s t s ,  i t  was found that  the 
Iatron  tube  needed  to   be  erased  once  each  sweep of t h e  

ra te  ASR-3, a t  l e a s t   f o u r   r o t a t l o n s   o f   t h e   a n t e n n a   c o u l d  
slow,  long-range (6 rpm)  radar .  On the h i g h e r  rotation 

b e   t o l e r a t e d   b e f o r e   e r a s e  was necessary .  

I 

I n d i c a t o r  was that  i t  c o u l d   b e   o f f c e n t e r e d   t o  show any 
One of t h e   d e s l r a b l e   f e a t u r e s  of t h e   I a t r o n   p r o j e c t i o n  
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quadrant  or p o r t l o n   o f  radar coverage t h a t  was d e s l r e d .  
During  the New York t e s t ,   t h e   n o r t h w e s t   d e p a r t u r e   r o u t e  
quadrant o f  t h e  FPS-8 r a d a r  was d i s p l a y e d .   E a r l y   i n   t h e  
t e s t  i t  was found t h a t  t h e  MTI c l r c u i t r y   o n   t h e  FPS-8 
l e f t  a r e s l d u e  tha t  formed a c l u t t e r   f o r   t h e  f i r s t  20 t o  
25 mi l e s   ou t  from t h e  r a d a r  s i t e  i n  which no a i r c r a f t  
t a r g e t s   c o u l d  be t r acked .  To overcome t h l s  noncoverage, 
i t  was f e l t  t ha t  t h e   u s e  o f  t h e  ASR-3 tower radar, which 
had a b e t t e r  MTI system a n d   a n t e n n a   s i t i n g  as wel l  as 

second  par t   o f   the  t e s t  used two I a t r o n s  one  covering 
c i r c u l a r  polarization, could  b e   u s e d   t o  f i l l  t he  gap. The 

t h e  FPS-8, bu t   bemg   b l anked   ou t   fo r  some 20 t o  30 miles ,  
a n d ' a n o t h e r   I a t r o n   p r o j e c t l o n   o f  t he  ASR-3 data f i l l i n g  
in   t he   b l anked-ou t  area w i t h  some ove r l ap  a t  t h e  20- t o  
30-mile radlus from the  s i t e .  The RAFAX equipment w a s  
u s e d   t o   c o u p l e   t h e   n a r r o w - b a n d   t e l e p h o n e   c i r c u i t s   t o   t h e  
I a t r o n   p r o j e c t i o n   u n i t   u s l n g  ASR-3 informat ion   f rom  the  
I d l e w i l d  and LaGuardia  Towers. 

demonstrated that It  was n o t  an adequate   d i sp lay  f o r  t ra f -  
f i c   c o n t r o l   p u r p o s e s .  Poor  t a r g e t   r e s o l u t i o n ,  the lack   of  
adequate   g ray   sca le ,   and   bu i ldup   of   no ise  and c l u t t e r   o b -  
s c u r l n g   t h e   a i r c r a f t   t a r g e t s   w e r e   t h e   p r i m a r y   d e f i c i e n c i e s .  
Extreme d i f f i c u l t y   i n   o b t a i n i n g   d i s p l a y   l i n e a r i t y  due t o  
the  o f f s e t   w r i t i n g  gun   o f   t he   I a t ron   a l so  was o b j e c t i o n a b l e  

Report .  
The r e s  I ts  are conta ined   in   another   Technica l   Development  

The eva lua t ion   o f  the I a t r o n   i n  the  New York Center  

Y 
COORDINATION DEVICES 

a .  Light  Guns: Light   guns   a re   p i s to l - shaped   devices  
which  can  be  pointed a t  a n   a i r c r a f t   t a r g e t   t o   p r o d u c e   a n  

t i f i c a t l o n   p u r p o s e s .  The l d e n t i f i c a t i o n  mark i s  t r i g g e r e d  
i d e n t i f i c a t i o n  mark on a r e p e a t e r  radar d i s p l a y   f o r   i d e n -  

by a pho tomul t lp l i e r   t ube   ene rg ized  by t h e  h g h t  ou tpu t   o f  
t h e   t a r g e t   o n   t h e  CRT. These  equipments  were  used  for  co- 
o r d i n a t i o n   d e v i c e s   i n   t h e  SAGE and VOLSCAN programs of t h e  

regulating t h e   s i z e   o f  t h e  marker  and  the d i s t a n c e  t h a t  
A i r  Force.  Each l i g h t  gun has independent c o n t r o l s  f o r  

t h e  marker w i l l  be   d i sp layed   f rom  the  radar t a r g e t  Of the  
a i r c r a f t .  Under t h i s  program task, t h e  TRACALS group of 
t h e  Air Force   p rov ided   t he   o r ig lna l  l i g h t  gun f o r  testing 
i n  t h e  AOEC environment  During  the summer O f  1957, t h e  

Tower as a coord ina t ion  device  between  the two radar ap-  
l i g h t  gun was i n s t a l l e d  i n  t h e  LaGuardia   Traf f ic   Cont ro l  

p r o a c h   c o n t r o l   p o s i t i o n s .   A f t e r   s e v e r a l  weeks  of t e s t i n g  
by  LaGuardla Tower o p e r a t o r s   i n   t h e  IFR room, i t  was 
determined t h a t :  



because It  d i d   n o t   c o n t a i n   a n   o p t i c a l   s y s t e m .   A i r c r a f t  
t a r g e t s   d i s p l a y e d   c l o s e   t o   e a c h   o t h e r   c o u l d   n o t   b e  
i d e n t l f i e d   m d l v l d u a l l y .  

1. The gun   d ld   no t   p rovide   adequate   reso lu t ion  

s t ray l i g h t  whlch   caused   spur ious   f lash ing   and   reduced  
2 .  The p h o t o e l e c t r l c   t u b e  was no t   p ro t ec t ed   f rom 

t h e   s e n s l t l v l t y  o f  the   sys tem.  

3 .  It was d i f f i c u l t   t o  aim t h e  gun   accu ra t e ly  a t  a 
d e s l r e d   t a r g e t  

r Based  upon  the  experlence  gained  during  the  tes t  a t  
the  LaGuardla Tower, a new l i g h t  gun was des lgned   and   bu i l t  
by TDC. T h l s  new l i g h t  gun  contalned a lens   sys tem for i m -  
p r o v e d   r e s o l u t i o n   S t r a y   l i g h t  was eliminated by  mounting I 
t h e  p h o t o e l e c t r i c   t u b e   i n s l d e   t h e   g u n  w i t h  a l i g h t - t i g h t  
shu t t e r   be tween  It and t h e   o u t s i d e   p o r t .  Also, by p u l l i n g  

I 

was e m l t t e d   t o  show where  the  gun was a m e d .  The l i g h t  
t he   t r l gge r   ha l fway   t h rough  i t s  t r a v e l ,  a beam o f  l i g h t  

beam was p o s l t i o n e d  on t h e   d e s l r e d   t a r g e t   a n d   t h e   t r l g g e r  
t h e n  was pul led   th rough t h e  ba lance  of t h e   t r a v e l .  T h i s  

When the   next   scan  of t he   r ada r   pas sed   t h rough  the  t a r g e t ,  
a c t i o n   s h u t  o f f  t h e  l l g h t  beam and  opened   the   shut te r .  

t h e   p h o t o e l e c t r l c   c e l l  was ene rg ized   and   t he   a s soc ia t ed  
c i r c u i t r y   c a u s e d  a r e c t a n g u l a r   m a r k e r   t o   b e   p l a c e d  on t h e  , 
P P I  adJaCent   to   and   jus t   beyond  the   range  of t h e  t a r g e t .  
Two l d e n t l c a l  guns w e r e   b u l l t  s o  t h a t  a two-way system 
migh t   be   t e s t ed .   Ano the r   r epor t   e sc r ibes   t he   eng inee r ing  
development of t h e  TDC l i g h t  gun 9 
Washington  Nat lonal   Airport  Tower IFR room i n  August 1958 

The  two g u n s   c o n s t r u c t e d   a t  TDC w e r e   p l a c e d   i n   t h e  

t h e r e  was n o t   e s p e c i a l l y   s u c c e s s f u l   d u e   t o   t h e   f a c t  t ha t  
and r e m a i n e d   o p e r a t l o n a l   u n t i l  December 1958 The t e s t  

manual   coordinat lon  procedures   had  been  developed by t h e  
Tower c o n t r o l   o p e r a t o r s   t o   t h e   p o i n t   t h a t   e l e c t r o n i c   c o -  
o r d i n a t i o n  was no t   needed .   e t a i l s   o f  t h l s  t e s t   a r e  
conta ined  i n  a n o t h e r   r e p o r t .  E 

b .   I n d i t r o n  Tube Coordmatlon  Device: T h i s  
coo rd ina t ion   dev lce  was cons t ruc t ed  a t  TDC f o r  an  evalua-  
t i on   In   t he   Ind lanapo l l s   Cen te r   t o   be   u sed   be tween  the 
Pa t te rson   and   Cinc inna t i   Sec tors .  By the   use  of push- 
b u t t o n  switches, t h e   c o n t r o l l e r  a t  o n e   s e c t o r   c o u l d   s e t  up 
t h e   a l t i t u d e ,   l d e n t l f l c a t i o n ,   a n d   e s t m a t e d   t i m e   o v e r  of 
t h e   f l i g h t   d e s l r l n g   t o   o v e r f l y   t h e   o t h e r   s e c t o r .  The 
equipment  used i n  thls  t e s t  was conta lned  I n  a l a r g e  
aluminum  box  placed a t  two s e c t o r   p o s l t l o n s  i n  t h e  ARTC 
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Center  The boxes  measured 30 inches  by 9 1/2 inches  wide 
by 5 inches  deep,   and  were  connected  by  cables   contaming 
60 p a i r s   o f   w l r e s  Coded push  but tons  were  used w i t h  
Ind l t ron   t ubes   t o   Ind ica t e   numer l ca l   cha rac t e r s   Se l ec t ion  
was made by push   bu t tons   and   the   Ind i t ron   tubes   on   bo th  
pane l s   were   ac t iva t ed   f rom  e l the r   con t ro l   pos i t l on   bu t   on ly  
t h e   r e c e i v l n g   s t a t i o n   c o u l d   e r a s e   t h e   c h a r a c t e r s .   I n   o p e r -  

which tu rned  on   t he   des l r ed  f l x  l i g h t  i n  both  s e c t o r s .  
a t i o n ,  s e c t o r  A s e l e c t e d   t h e  d e s i r e d  f l x  w l t h  a push   bu t ton  

S e c t o r  A then   punched   In   the  l a s t  t h r e e   d l g i t s  of t h e  a i r -  
c r a f t  number, t h e   e s t l m a t e d   t m e ,   a n d   t h e   a l t i t u d e   d e s i r e d .  
These c h a r a c t e r s   a p p e a r e d   o n   t h e   I n d i t r o n   t u b e s   a t   b o t h  
s e c t o r s  as soon  as the but tons  were  pushed  Sector  B could  

bu t ton  If s e c t o r  B pushed  the  "approve"  button, a green  
appi-ove or disapprove t h e  r eques t  by p r e s s l n g   t h e   c o r r e c t  

l l g h t  was ac t lva ted   on   bo th   boards   Sec tor  B then   copled  

p l aced  It on h i s  board.  When th l s  was completed,  he  pushed 
t h e  tlme and a l t i t u d e   o n t o  a f l l g h t   p r o g r e s s   s t r l p   a n d  

the   e r a se   bu t ton ,   caus ing  a l l  t h e  numbers  and l i g h t s   t o  

prove"  but ton,  a r e d   l i g h t  was ac t lva t ed   on   bo th   boa rds  
t u r n   o f f .  I n  the   even t  t h a t  s e c t o r  B pushed  the  "disap-  

S e c t o r  B now made the   changes   by   pushmg  o ther   bu t tons   to  

bu t ton   wh ich   r e l eased   t he   d l sapprove   bu t ton ,   ex t ingu i shed  
show a d l f f e r e n t   a l t i t u d e  or time  and a "suggested  change" 

t h e  r e d   l l g h t  on   bo th   pane ls ,   and   l igh ted   an   amber   l igh t  
on b o t h   s e c t o r   i n d l c a t o r s  If s e c t o r  A pushed  the  "change 
accep ted"   bu t ton ,   s ec to r  B's suggested  change was r e l e a s e d ,  

wh l t e   l l gh t   appea red  at  b o t h   s e c t o r s  When the   coord ina-  
t h e  amber l l g h t  on bo th  s e c t o r s  was ex t lngulshed ,   and   the  

t i o n  was completed,   sector  B, t he   r ece iv ing   s ec to r ,   pushed  
the   e rase   bu t ton   whlch   caused  a l l  numbers  and l i g h t s   t o   b e  
ex t ingu i shed  A f a l l - s a f e   f e a t u r e  was b u l l t   i n t o  th i s  
equlpment   In  t ha t  correspondlng  lamps  on  each  board  were 
I n   s e r l e s  Paral le l  connect ions were r equ l r ed   on   co r re -  
sponding  Indi t rons  on  each  board  due  to   the  nature  o f  t h e i r  

f o r   s e v e r a l  weeks  but was n o t   s a t l s f a c t o r y   f o r   s e v e r a l  
des ign  T h l s  equipment was used   In   t he  Indianapolis Center  

reasons : 

f o r  o t h e r   s e c t o r   a c t l v l t y  
1. The equipment was large  and  took up space   r equ i r ed  

r ece iv ing   approva l  was g r e a t e r   t h a n   r e q u i r e d   f o r   v e r b a l  
2 .  The t l m e   r e q u i r e d   f o r   s e t t l n g  up a reques t   and  

coord ina t ion  I n  most  cases 

3 Only  one f l l g h t  could be c o o r d m a t e d   a t  a t ime 
which l i m l t e d   t h e   c a p a c i t y   o f  the  equlpment. 
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p a r t  of FLscal  Year 1959, a TV symbol   generator  was de- 
veloped  and  connected  to   the TI-440 scan-conversion  equip-  
ment In o r d e r   t o   p l a c e  a movable t a rge t   marke r  on t h e  
t e l e v l s l o n   m o n i t o r  The marker  could  be moved w l t h  a joy  
s t l c k   o p e r a t e d  by t h e   c o n t r o l l e r   t o   e n c i r c l e   a n y   d e s i r e d  
ta rge t   which   appeared   on   the   d l sp lay   Through  c l rcu l t ry ,  

r a d a r   d l s p l a y s  The purpose of t h i s   marke r  was to   r educe  
th i s   marke r   a l so   cou ld   be   d l sp l ayed  on  remotely  located 

ve rba l   coo rd lna t ion   du r lng  a radar handoff  procedure 

c TV Marker  Coordinatlon  Devlce During t h e   e a r l y  

c o n s i s t l n g  of bo th   t ower   and   cen te r   con t ro l l e r s  who slmu- 
The equipment was t e s t e d   l n   t h e  AOEC by  using  teams 

la ted  radar handoffs   under   var iab le   condl t lons ,   and   then  
by   ob ta in ing   subJec t lve   op ln lon ,  as w e l l  as t ime required, 

ment was made opera t lona l   be tween  the   cont ro l   tower   and  t h e  
fo r   t ne   handof f   p rocess  On December 15, 1958, t h l s   e q u l p -  

I n d l a n a p o l l s  ARTC Center  w i t h  t h e  J O Y  s t i c k   c o n t r o l   l o c a t e d  
a t  the   tower  for handof f s   t o   t he   Cen te r  o f  depa r t ing  
a l r c r a f t  from  Weir Cook Ai rpor t  

The second h a l f  o f  t h l s  t e s t   p e r m i t t e d   t h e   c o n t r o l l e r  
a t  t h e   C e n t e r   t o   s e l e c t   e l t h e r  a d l s p l a y  of t h e   t o w e r ' s  
ASR-2 r a d a r ,  or through a mlxlng   pane l ,   the  ARSR-1 long-  
r a n g e   r a d a r   d l s p l a y .   I n  t h l s  case ,   bo th   radars   were   be ing  
d i sp layed  on t h e  same TV monl tor   and   the   se lec t ion   of   which  
d l s p l a y  was most s a t l s f a c t o r y  was a choice made by the  con-  I 
t r o l l e r  The TV marker was we l l   r ece lved   and   en thus l a s -  
t i c a l l y   a c c e p t e d .  The d e t a l l e d  r s u l t s  of t h i s   e v a l u a t i o n  
a r e   c o n t a m e d   I n   o t h e r   r e p o r t s  7 8 

d C losed -Ci rcu i t   Te lev l s lon   Tes t   C losed -c i r cu l t  I 

o rd ina t ion   be tween  sec tors   and   be tween  towers   and   cen ters .  
television a p p e a r e d   t o   o f f e r  a ld  I n  data t r ans fe r   and   co -  

r 
Beginnlng i n  September 1956, a c l o s e d - c l r c u l t   t e l e v l s l o n  
system was i n s t a l l e d  I n  the   Ind lanapo l i s   Cen te r .  The t e l e -  

Vldicon  mlniatur lzed  camera  manufactured  by GPL t o  t h e  
v i s lon   sys t em  used   l n  t h i s  t e s t   I n c l u d e d   a n   l n d u s t r i a l  

f o l l o w l n g   s p e c l f l c a t l o n s -  525 l i n e s ,  6 0  f l e l d s   I n t e r l a c e d ,  
r e s o l u t l o n  o f  500 l l n e s ,   s l g n a l   o u t p u t s   c o m p o s i t e   v i d e o  

0 . 1  v o l t   a c r o s s  75 ohms. The t e l e v i s i o n   m o n i t o r ,  Type 
1 . 4  vol ts   peak  to   peak,   and  the  modulated  f requency w a s  

C317A, was b u l l t  by  Conrac,   Inc.  

I 

O r i g i n a l l y ,   t h e   m o n l t o r  was I n s t a l l e d  on a small t a b l e  

was l o c a t e d   a t   a b o u t   t h e  same l e v e l  as t h e   f l i g h t   p r o g r e s s  
a d J a c e n t   t o   t h e   r e c e i v s n g   s e c t o r   f l l g h t   p r o g r e s s   b o a r d s   a n d  

s t r i p   h o l d e r s .   I n   o r d e r   t o   n e w   t h e   m o n i t o r ,  i t  was neces-  
s a r y  f o r  t h e   c o n t r o l l e r  t o  t u r n  h l s  head away from the  
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board,  which was an  undeslrable   arrangement .  To overcome 
t h i s  problem,  the  monitor  then was moved t o  a p o s i t i o n  
above  the f l i g h t  progress   board .  A t  t h e  end  of a 90-day 

t r o l l e r s  who had worked w i t h  the  equipment.  The fo l lowing  
t e s t   p e r l o d ,  a q u e s t i o n n a i r e  was c i r c u l a t e d  among the  con- 

i s  a br ie f  summary o f   t h e   r e s u l t s   g a r n e r e d   f r o m   t h e  
q u e s t i o n n a i r e .  

no t   adequa te   t o   ob ta in  data o n   e s t i m a t e s ,   a l t i t u d e   a s s i g n -  
ments ,   actual   t lmes  over  f i x ,  c o n t r o l   r e l e a s e   i n f o r m a t i o n ,  
or new f l i g h t   p l a n s  

1. The c l o s e d - c i r c u i t   t e l e v i s i o n   s y s t e m  tes ted  was 

b e l i e v e  t h a t  the   sys tem was a d e q u a t e   f o r   c l e a r i n g  a f l i g h t  
2.  S i x t y - o n e   p e r   c e n t   o f   t h e   c o n t r o l l e r s   d i d   n o t  

w i t h o u t   p r i o r   c o o r d i n a t i o n .  

3 .  The personnel   were   evenly   d iv ided   in  t h e i r  
op in lons  as to   whe the r  a pe r fec t ly   r eadab le   sys t em would 
be   equa l   t o  or worse  than  an  interphone  system  for  
t r a n s f e r r i n g   f l i g h t   d a t a   f r o m   o n e   s e c t o r   t o   a n o t h e r .  

t ha t   t he   necessa ry   s cann ing   o f   t he   mon i to r   r equ i r ed  more 
t ime  than  t h e  t r a n s f e r r i n g   o f   i n f o r m a t i o n   b y   i n t e r p h o n e .  

4 .  Approximately  one-half o f  t h e   c o n t r o l l e r s   t h o u g h t  

c i r c u i t   t e l e v i s i o n   s y s t e m   t e s t e d   i n   t h e   I n d i a n a p o l i s  ARTC 
Cen te r   d ld   no t   have   adequa te   r e so lu t ion   fo r  t h i s  purpose.  

Technical  Development  Report .9 
D e t a i l s   o f  t h e  e v a l u a t i o n   a r e   c o n t a i n e d   i n   a n o t h e r  

STRIP PRINTING DEVICES 

It was concluded tha t  t h e   i n d u s t r i a l - t y p e ,   c l o s e d -  

d a i l y   i n  ARTC C e n t e r s   t o   d i s p l a y   f l i g h t   d a t a   t o  the con- 
S e v e r a l   t h o u s a n d   f l i g h t   p r o g r e s s   s t r i p s   a r e   p r e p a r e d  

t r o l l e r .   I n  t h e  pas t ,   t hese   s t r i p s   have   been   p repa red   by  
w r i t i n g   m a n u a l l y   o n   t h e   p a p e r   i n   f r o n t   o f   t h e   c o n t r o l l e r .  
Much o f   t h e  information d i sp layed  i s  r e p e t i t i v e   o n  several 
s t r i p s .  An a t tempt  was made t o   f i n d  a method or equipment 
t o   r e d u c e   t h e   w o r k l o a d   i n   p r e p a r i n g   t h e s e   s t r i p s   b y   u s e   o f  
some equ ipmen t   fo r   p r in t ing  t h e  f l i g h t  data. Equipment's 
e v a l u a t e d   i n   t h e  AOEC program  included the D i t t o   d u p l i c a t o r ,  
t h e  IBM Cardatype,  the IBM-650 computer,  and the mM-650/ 
RAMAC computer   and   pr in te r .  The r e s u l t s  of t h e s e   t e s t s  
are d e s c r i b e d   i n   t h e   f o l l o w i n g   s e c t i o n s .  

1 



a D i t t o  Model D l 1  Dupl ica tor .  The Model D l 1  
d u p l l c a t o r  by D i t t o  was an  off- the-shelf   equipment   which 
co i ld   be   p rocured   and ,  w l t h  s l i g h t   m o d i f i c a t i o n s ,   u s e d   t o  
print f l l g h t  p r o g r e s s   s t r i p s .  Two Di t to   dup l i ca to r s   were  

mod l f l ed   t o   t ake  1- b y   8 - l n c h   f l i g h t   p r o g r e s s  strips i n  
purchased w l t h  mas te r   wr l t e r s ,   and  t h e  f e e d  mechanism was 

p lace   o f   s t anda rd - s l ze   t ypewr l t e r   pape r .  

- -  

a s t a n d a r d   f l l g h t   p r o g r e s s   s t r i p   I n   a n  open s l o t  on t h e  
a d a p t e r  p l a t e  o f   t he  master writer a n d   w r l t i n g   i n   t h e  
f l igh t  d a t a   i n  I ts  normal  format A hard p e n c i l  or a f i n e -  
l l n e  ballpoint pen was r e q u i r e d  t o  p l c k  up  on the   back   of  
t h e  s t r i p   c a r b o n   f r o m   t h e   m a s t e r   w r i t e r  roll. T h l s  mas te r  
s t r l p   t h e n  was p laced   on   the  drum of t h e  dupl ica tor   which ,  
when opera ted ,   b rought   the   carbon  copy  in   contac t  w i t h  one 
new f l i g h t   p r o g r e s s   s t r i p   e a c h   r o t a t i o n ,   t h e r e b y   p r i n t i n g  
on each s t r ip  the   in format lon   conta ined  on t h e  master copy. 
These   machines   were   t es ted   in   the   Ind ianapol i s ,  Memphis, 
and New York ARTC Centers  

A mas te r   copy   fo r   dup l l ca t lon  was prepared  by p l a c i n g  

the   machine   requi red   an   excess ive  amount  of  adjustment t o  
o b t a i n   s a t i s f a c t o r y   o p e r a t i o n .  Poor p o s i t i o n m g  o f  t h e  
blank f l i g h t  p r o g r e s s   s t r i p   u n d e r   t h e   m a s t e r   r e s u l t e d  i n  
e x c e s s i v e   w a s t e   o f   s t r i p   m a t e r i a l .  The  f low o f   f l u i d  i n  I 

t h e  Model D l 1  d u p l l c a t o r  d i d  n o t   o p e r a t e   s a t l s f a c t o r l l y   f o r  

machine had been  modified somewhat t o   p r o v i d e   f o r  t h i s  
the  narrow, 1 - inch  f l i g h t  p rog res s  strips, even  though the  

small amount o f   f l u i d  f l o w .  Frequent reloading o f   t h e   f e e d  
t r ays   and  the  n e c e s s i t y  t o  r e s e t  t h e  gu ide   ad jus tments  a f t -  
er each   re loading   proved   to  be so  time-consuming t h a t  i t  
was f e l t  t h a t  manual p r i n t i n g  was more  speedy  than  machine 
p r i n t i n g .  A d e t a i l e d   r e p o r t   o f   t h e   e v a l u a t i o n  of t h e  D i t t o  
d u p l i c a t  r IS conta ined   in   another   Technica l   Development  
Report .  18 

The conclus ions  drawn  f rom  these  evaluat ions were that  

I 

I 
I 

for a 60-dav Derlod. a Cardatvpe  account inn system was 
b .  IBM Cardatype  System  Beginning November 25, 1957, 

t e s t e d   f o r  t h e  p r l n t i n g  of f l i g h t  p r o g r e s s   s t r i p s   i n  t he  
New York ARTC Center   Dur ing   the   per iod  of the tes t ,  ap- 
proximately  one-half  of t h e   d e p a r t u r e   f l i g h t   p l a n s   f o r  
f l i g h t s  l e a v i n g   t h e   m e t r o p o l l t a n   a r e a   o f  New York were 
pr lnted  by  the  Cardatype  machine.   This   Included a l l  of  t he  
departures   f rom Newark Alrport   and a l l  westbound  departures  
from  LaGuardia  and  Idlewild Airports. The equipment used 
i n   t h e  t es t  inc luded  IBM’s 026 card  punch,  one 858 

- -  

I 

I 
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Cardatype  accountlng  machine,  two 972 aux i l i a ry   keyboards ,  
and two 866 n o n t r a n s m i t t m g   t y p e w r i t e r s .  

Outbound f l i g h t   p l a n s   w e r e   r e c e i v e d   I n  the  Center  by 
i n t e r p h o n e ,   a n d   t h e   a s s i s t a n t   c o n t r o l l e r  made o n e   f l i g h t  
p r o g r e s s   s t r l p .  T h i s  f l l g h t   p r o g r e s s   s t r i p   t h e n  was p r e -  
s e n t e d   t o  a person  operat lng  the  Cardatype  equipment  The 
opera tor   se lec ted   one   card   pack ,   which   had   been   prepared  
prevlously,   f rom a t o t a l  of 76 packs ,   and   Inser ted   the  
pack I n  the  Input   card  hopper   of   the  858 accountlng  machine.  
The o p e r a t o r   t h e n   I n s e r t e d  the  v a n a b l e   i n f o r m a t i o n   s u c h  as 

posed   a l t i t ude   t h rough  t h e   a u x l l l a r y   k e y b o a r d   t y p e w r i t e r .  
f l l G h t  i d e n t l t y ,   t y p e  of aircraft, ground  speed,  and  pro- 

The Cardatype  accountmg  machme made t h e   r e q u i r e d  number 
o f   f l l g h t   p r o g r e s s   s t r i p s   u s l n g   l n f o r m a t i o n   f r o m   t h e   c a r d  
pack   and   the   in format lon   inser ted  by t h e   a u x l l i a r y   k e y b o a r d  
dev ice .  The s t r i p s  were   cu t   f rom  the   per fora ted   paper ,  i n -  
s e r t e d   I n   s t r l p   h o l d e r s ,  a n d   d e l l v e r e d   t o   t h e   c o n t r o l  

minutes was r e q u i r e d  t o   h a n d l e   t h e  proposed   depar ture  
boards I t  was found t h a t  a l e a d  t ime  of  approximately 9 
f l l g h t   p l a n   S i n c e  15 p e r   c e n t   o f   t h e   d e p a r t i n g   f l l g h t  
p l a n s   w e r e   f i l e d  w i t h  l e s s   t h a n  9 mmutes ,   t hese   r equ l r ed  
manual  handling. The 76 packs  that   were  ment ioned  pre-  
v ious ly   r ep resen ted  ‘16 d i f f e r e n t   p r e f e r e n t i a l   r o u t e s   w h i c h  
could   be   f lown  ou t   o f   the   met ropol i tan   a rea ,   one   card   pack  
b e i n g   r e q u l r e d   f o r   e a c h   r o u t e   o f   f l i g h t .  The conclus ions  
r e a c h e d   a f t e r  t h i s  e v a l u a t l o n   I n d i c a t e d  t h a t  t he   accu racy  
and   readabi l i ty   o f   the   sys tem  were   sa t i s fac tory ,   however ,  
It  l a c k e d   f l e x i b l l l t y   f o r   v a r i a b l e   r o u t e s   a n d  was too  slow 
t o   t a k e   c a r e   o f   t h e  New York depar ture   p roblems.   Deta i l s  
of t h e  IBM Carda type   eva lua t ion  I n  t h e  New York a r e a   a r e  
c o n t a m e d   I n   a n o t h e r  Technical Development  Report .I1 

f o r  t h e   p r l n t l n g   o f   f l  l g h t   p r o g r e s s   s t r i p s  was t h e  IBM-650 
c .  IBM-650 Computer. One of   the   machmes   eva lua ted  

computer  and associated-equlpment. This-  equipment was a~ 
product  of  the  Electronlc-Accountmg  Machine  Dlvision of 
t h e  In te rna t iona l   Bus lness   Machines  (IBM) Corp An IBM-650 
was l eased   by   t he  CAA a n d   i n s t a l l e d  f i rs t  i n  t h e  AOEC and 

gram f o r   t h i s  machlne was w r i t t e n   d u r i n g   t h e  l a s t  ha l f   o f  
l a t e r   I n   t h e   I n d i a n a p o l l s  ARTC C e n t e r   q u a r t e r s .  The p ro -  

F i s c a l  Year 1 9 5  Personnel  from TDC, the  I n d i a n a p o l i s  
ARTC Center,  and IBM, worklng  together,   developed a program 

C o n s i d e r a b l e   e f f o r t  was r e q u i r e d   t o  f l t  t he   p rog ram  in to  
f o r   p r o c e s s l n g   b o t h   a i r w a y s   a n d   d l r e c t   f l l g h t   p l a n s .  

t he   s to rage   capac l ty   o f   t he  650. T h i s  programming  required 
about 2,100 man hours  and 7 months to   comple t e .  



The equlpment  used  durlng  the  programming  and  the 
f l r s t  e v a l u a t i o n   l n c l u d e d   f o u r  826 card  punch  machmes, 

one 407 a c c o u n t m g   m a c h l n e   p r l n t e r  
one 533 inpu t -ou tpu t   un i t ,   one  650 computer  console,  and 

When t h e  programming was completed,  and  space was 
made a v a l l a b l e  l n  t h e  ARTC Cen te r   qua r t e r s ,   t he   sys t em 
was used f o r  t he   p roduc t ion  o f  f l i g h t   p r o g r e s s   s t r i p s  for 
approximately 8 months,  from  April until December 1957. 
Another   repor t12   descr lbes  the I n d l a n a p o l l s  program i n  
more de t a l l .   Dur ing   t he   8 -mon th   pe r iod   i n   ca l enda r   yea r  
1957 when t h e  IBM-650 computer was being  used i n  t h e  
I n d l a n a p o l l s  ARTC C e n t e r   t o   p r o c e s s   f l i g h t   p l a n s ,  an oper- 
a t l o n a l   e v a l u a t i o n  of the  computer was conducted  using a 
t es t   per lod   f rom  September  5, 1957, t o  November 5, 1957. 
Dur lng   t he   t e s t ,  some o f  t h e   f i n d m g s  indicated t h a t   t h e  
average  t lme for process ing  a f l i g h t   p l a n ,   f r o m   t h e   t i m e  
It was r e c e i v e d   i n   t h e   C e n t e r   u n t l l   t h e  f l i g h t  p rogres s  
s t r l p s  were I n  f r o n t  o f  t h e   c o n t r o l l e r ,  was 4 minutes 21 
seconds  Slnce a number of f l i g h t  p l a n s   a r e  i n  va r ious  
s t e p s  of prepa ra t lon   s imul t aneous ly ,  a number o f  o t h e r  
measurements   a l so   a re   impor tan t .  F o r  example, i t  was de- 
termlned that  the   ave rage   i n t e rva l   be tween   t he   ave rage  

for a l rway  f l igh ts   and   17 .32   seconds  for t h e  a v e r a g e   d i r e c t  
f l i g h t  plans  processed  by  the  computer  was 7.39 seconds 

f l i g h t s  It was l n d l c a t e d  t h a t ,  I n  t h e  Indianapolis Center ,  

pe r   minu te .  
t he   compute r   t heo re t l ca l ly   cou ld   p rocess  6.6 f l i g h t  p l a n s  

I 

p e r   c e n t  of a l l  f l l g h t  p l ans   were   a i rway   f l i gh t s ,  15 4 p e r  
The t e s t   p e r l o d  for t h i s  computer   concluded  that  80.1 

c e n t   w e r e   d l r e c t   f l i g h t s ,   a n d  4 .5  per   cen t   were   combmat ion  
airway and d i r e c t   f l i g h t s .  O f  t hese ,  5 2 . 2  p e r  cent  were 
a i r  c a r r l e r ,  33.9 pe r   cen t   were   ml l l t a ry ,   and  13.9 p e r  
c e n t   w e r e   i t i n e r a n t .  It a l s o  was determmed tha t  3.88 
f l i g h t   p r o g r e s s   s t r l p s   w e r e   r e q u i r e d  for each  airway f l i g h t ,  
3.94 f l l g h t   p r o g r e s s   s t r l p s   w e r e   r e q u i r e d   f o r   d i r e c t   f l i g h t s ,  
and 2 26 s t r ip s   were   needed  for comblnatlon  airway  and  di-  
r e c t  f l i g h t s .  Conclusions  reached  were that t h e   r e l i a b i l i t y  
and  accuracy were e x c e l l e n t .  However, the type  s i z e  for 
t h e   i d e n t i f i c a t l o n ,   t l m e ,   a n d   a l t i t u d e   f l g u r e s  was too  small 
on t h i s  particular machine The magnetic drum i n  the   650  
wl thout  ancillary equ lpmen t   d ld   no t   con ta in   enough   s to rage  
c a p a c l t y  for the   Indlanapol is   problem.  Based  upon  these 
f a c t s  and   f l nd lngs ,   t he  650 was deemed u n s a t l s f a c t o r y .  It 
was recommended t h a t  i t  be r e p l a c e d   w i t h  a l a rge r   mach ine  
w i t h  more s t o r a g e   c a p a c l t y .  It a l s o  was  recommended that 

p r l n t l n g  wheels   would   p rovlde   l a rger   f igures  for 
t h e  Type 407 accounting  machme  be  modified so  t h a t  t h e  

I 

1 
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i den t i f i ca t ion ,   t ime ,   and   a l t i t ude   co lumns .  The 
replacement  machine was a n  IBM-650/RAMAC. The d e s c r l p t i o n  
o f  t h i s  machine 1 s  given  i n  a succeed ing   s ec t ion  o f  t h i s  

RAMAC. 
r e p o r t .  An o p e r a t i o n a l   e v a l u a t i o n  was n o t  made on t h e  

d .  IBM-650/RAMAC Computer:  Personnel o f  t h e  AOEC, 
working wlth ARTC and IBM programmers,   developed  the  logic 
and  program f o r   t h e  new and  larger-capaci ty   machine.  T6e 

From t h a t   d a t e   u n t i l   O c t o b e r  6, 1958, the  program was 
IBM-@O/RAMAC i n s t a l l a t i o n  was completed  on  July 3, 1958. 

duct, lon o f  f l i g h t   p r o   r e s s   s t r i p s  for t h e  ARTC Center  be- 
gan  on  October 6, 195 f3 . By November 20, 1958, theaairway 
and d l r e c t   f l i g h t s   b o t h   c o u l d   b e   h a n d l e d .  A more d e t a i l e d  

prepav,ed. 

I1 debugged” and t e s t e d   f o r   a c c u r a c y  The f i r s t  a c t u a l   p r o -  

evelopment  Report on t h i s   t a s k  i s  being 

FEASIBILITY OF USING A COMPUTER I N  THE CENTRAL 
ALTITUDE RESERVATION FACILITY 

One of t h e   a c t l v l t i e s  o f  t h e  CAA Of f i ce  o f  Air T r a f f i c  
Cont ro l  was t h e  operation o f   t h e   C e n t r a l   A l t i t u d e  Reserva- 
t l o n   F a c i l i t y  (CARF) t o  perform advance  processing of air-  

r e s p o n s i b l e   f o r   c o o r d i n a t i n g   b e t w e e n   t h e  FAA ARTC Centers  
space   r e se rva t lons  for m l i t a r y   m i s s i o n s .  CARF i s  

a n d   m l l l t a r y   u n i t s   c o n d u c t l n g   f l i g h t   m l s s i o n s  i n  t h e  
Un i t ed   S t a t e s   and   ad jacen t   ocean lc   a r eas .  

Based   upon  the   ac t iv i ty  o f  t h i s   f a c i l i t y   d u r i n g  a 
1 -yea r   pe r lod  f rom August 1956 t o  August 1957, u s i n  a 
365-day   year ,   the   fac l l i ty   p rocessed   approximate ly  8 1/2 
m i s s i o n s   p e r  day. An a n a l y s i s  o f  t he   mi s s ions   p rocessed  
d u r i n g   t h l s   p e r i o d   i n d i c a t e d  t n a t  an   average   mlss ion  
conta lned  30 f i x e d   p o s t i n g s  or route   segments   per   miss ion  ,. 

The a i r s p a c e   r e s e r v a t i o n   r e q u e s t s   a r e   r e c e l v e d  a t  
CARP from ARTC C e n t e r s   i n  whose a r e a   t h e   m i s s i o n  w l l l  o r i g -  
i n a t e .  From t h e   f l l g h t   p l a n   r e c e i v e d ,  CARF makes a p l o t  
o f  the   p roposed  r o u t e  o f  f l i g h t ,   t h e   a l t i t u d e s   t o   b e   f l o w n ,  
and   t he   con t ro l  tunes. R e f u e l i n g   a r e a s   a l s o   a r e  shown on 
t h e   p l o t .   A f t e r   t h e   p l o t t e d  missions a r e  compared wi th  
each   o the r  so  tha t  any   conf l i c tLon   o f   a l t i t ude  o r  a i r s p a c e  
i s  d e t e c t e d ,  a s tudy  i s  made to   de t e rmine   t he  minimum 
number of changes   tha t  would be   necessary  t o  r e s o l v e   t h e  

i s  based   upon   p r io r i ty  o f  mi s s lon ,   a l t hough   t he re   a r e  
c o n f l i c t i o n .  The resolution o f  mls s ion   conf l l c t   no rma l ly  

t u d e s  t o  e l i m i n a t e   t h i s   c o n f l i a t i o n .  Some c o n f l i c t i o n s  are 
other means of r e so lu t ion ,   such  as changing   rou tes  o r  a l t i -  
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r e so lved  by the   ope ra tmg   agency  a t  the   sugges t lon   o f  CARF. 

p r i o r l t y  o f  o p e r a t i o n  T h i s  p r o j e c t  task was d e s i g n e d   t o  
O t h e r  c o n f l i c t i o n s   a r e   r e s o l v e d  by CARF based  upon t h e  

Remington Rand Univac Model 1 o r  t h e  IBM-650/RAMAC computers 
sflow whether or n o t  i t  would   be   feas ib le   to   p rogram t h e  

to   pe r fo rm  the   necessa ry   func t ions  I n   a d d l t i o n   t o   a s c e r -  
t a i n m g  I f  t h e  storage capac i ty   and  t h e   p r o c e s s i n g  times 
were   sa t i s fac tory ,   economic   aspec ts  a l so   were   cons idered .  

f o r  t h i s  problem, i t  a l s o  was deemed a d v i s a b l e  t o   d e t e r m i n e  
I n  de te rmming t h e   f e a s l b l l l t y  of   us ing  a computer 

l f  one  computer  could do t h e   J o b   f o r  C A R F  and   a l so  t h e  a i r  
rouke   t r a f f i c   con t ro l   p rob lem  o f   t he   Kansas   C i ty   Cen te r .  
The conc lus ions   r eached   i n  t h l s  e v a l u a t i o n  are c o n t a i n e d   i n  
a more d e t a i l e d   r e p o r t 1 4   a n d   a r e  l i s t ed  below. 

1 The annual   cos t  t o  do the  Job w i t h  a computer 
would be approximately  twice t ha t  of o p e r a t i n g  CARF 
manually 

2 .  Most o f   t he   p rob lem  o f   p rocess ing   a i r space  
reserva t lon   could   be  accomplished w i t h i n  present -day  
compute r   capab i l l t i e s  

3 The use  of  a computer i s  f e a s i b l e  i f  computer 
memory i s  u s e d   I n   l i e u   o f   m a n u a l   p l o t t i n g  and i f  i t s  com- 
p u t i n g   f u n c t i o n s   a r e   u s e d   t o   d e t e c t   c o n f l i c t s   a n d   s u g g e s t  
r e s o l u t i o n  of such   conf l i c t s   based   on  a l t i t ude  o r  time 
changes.  

4 .  It d i d   n o t   a p p e a r   f e a s i b l e  for t h e  machine t o  
sugges t   changes   on   a l t e rna te   rou t ings  

a t t e m p t   t o  do b o t h  t h e  Kansas Ci ty  ARTC Center and CARF jobs  
5 .  It d i d  n o t   a p p e a r   f e a s l b l e   t o  use one  computer t o  

SCAN-CONVERSION (TI-440) EQUIPMENT 

t o  improve   radar   d i sp lays  f o r  a i r  t r a f f i c   c o n t r o l .   A f t e r  
cons lderable   eva lua t ion   of   the   Genera l   Prec is lon   Labora-  
t o r l e s t  TV pro jec t ion   sys tem  and   the   Farnswor th   Ia t ron  
system, a su rvey   o f   i ndus t ry  was conducted i n   F i s c a l  Year 
1957 t o   f i n d   t h e  b e s t  radar d i s p l a y s  available The use  of 
scan-conversion technlques  showed  promlse i n  t h i s  survey,  
and an equ ipmen t ,   bu l l t  by Compagnle Generale De C.S.F. i n  
Paris, France,  and known as t h e  Model TI-440  scan-conversion 
equipment, was o b t a i n e d   f o r   o p e r a t i o n a l   e v a l u a t i o n .   I n  the  
Un l t ed   S t a t e s ,   t he   F rench  company was r e p r e s e n t e d   b y   t h e  

The Technical  Development  Center had a c o n t i n u i n g   t a s k  
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Intercontinental  Electronics  Corp  (INTEC)  The 
description of the  equipment  and  the  results  of  the  technical 
evaluatlon  are  contalned  in  another  report.l5 

Briefly, the TI-440 equlpment  accepts  video,  trigger, 
and azlmuth infomatlon from a radar  and  by  using a two- 
gun electronic  storage  tube,  converts  this radar lnformation 
into  a  televislon  vldeo  and  synchronizing signal. This 

vislon  monltor for actual  display  purposes. In the AOEC, 
composite  output  then  is  used  to  drlve an ordlnary tele- 

formatlon on several  different  sizes of television  monitors. 
the scan-conversion  equlpment  was  used to  display  radar in- 

was  evaluated in the  Indianapolls  ARTC  Center  and  the 
Not  ,only  was  this  equlpment  used in the AOEC, but it  also 

Indianapolls  Tower  During  Flscal Year 1958, dlfferent 
methods of dlsplaylng radar were  evaluated In the  AOEC. 
These  included  dlfferent size TV monitors  and  positioning 
of  monltors  to  display  radar  from  the  scan-conversion equip- 
ment. In the  sections  whlch  follow  immedlately,  each  one of 
these  dlsplays 1s descrlbed  brlefly  Detailed  des  ri  ti ns 
of these  displays  are  contalned  in  other  reports. 18 1E; 18 

a. Superimposed  Panoramlc  Radar  Dlsplay  (SPANRAD): 
One of the  earliest  appllcatlons  of  scan-converted  radar 
to  televislon  was  the  use of a  vertlcal TV monitor  mounted 
perpendlcular to a  table  top  Above  the  monitor  was  a  boom 

The  camera was focused to  pick  up  anythlng  that  was on the 
arrangement at  the  top  of whlch was  mounted  a TV camera. 

table  top.  This TV camera picture then was  mlxed  with the 

picture.  The  purpose of thls  arrangement  was  to  put  flight 
radar  picture on the  vertlcal  monltor  to  form  a  composite 

markers on the  table  top,  then,  by  viewing  the TV monitor, 

on the  monitor  to  give  identlflcatlon  to  the  aircraft  blips. 
the  markers  could be placed so as to  coincide  with  targets 

This  system,  after being trled ln the  dynamlc smulator, 

was  made  in  the ARTC Center at Indianapolis  and  actually 
later  was  tried ln the  AOEC, after  which  an  evaluation  setup 

used for the  control of trafflc  for  a  period of time.  This 
remote  tracklng  system  was  a new concept  and  not  well ac- 
cepted  by  controllers durmg the  brlef  period of testing, 
although it proved  satisfactory  in  the  simulation  tests. 

evaluated in the AOEC and the  Indianapolis  ARTC  Center. 
The  first  consisted o f  a  horizontal in-line console  which 
occupied  the  space of five fllght  progress  bays.  The 

arrangement which  was  the  result of experimentation in the 
second  used the 22-inch flat-face tube in an "island" 



AOEC wlth an origlnal  Washlngton  design  followed  by a 
revlsed TDC deslgn. In another  application, the 22-inch 
flat-face  tube was  mounted In a  console f o r  use In the IFR 
room of the Indianapolis Tower 

The  advantages of the flat-face TV horizontal  display 
were : 

lighting. 
1. The  dlsplay  could be seen in near-normal room 

idenfiflcatlon  markers  (small  plastlc  chips  comparable to 
those  used  wlth  the VG indicators at  New York, Washlngton, 
and  Chicago ARTC  Centers). 

2 The  operatlon  could  be  carried on using 

very  good,  and  no  notlceable  heat  was  generated 
3 The brightness  and  resolution of the  dlsplay  were 

The  disadvantages of the 22-inch flat-face display 
were : 

1. The  implosion  shleld  reflects  llght  and  images. 

2. The  maxlmum  slze of the  display  is 22 inches in 
dlameter  and  cannot be changed  unless  larger  tubes  are 
developed. 

3. The 22-lnch flat-face is  a  special  tube  not In 
regular  production. 

face dlsplay  are  that  three or more  radar  controllers 
can  operate  around  each  dlsplay. No camera  chain  equipment 
1s required  The  console of the  radar  display 1 s  constructed 
so that  control  can  be  accomplished from a  seated position. 
The  disadvantages o f  the Island  display  are  slmllar  to  those 
listed  above on the 22-1nch flat-face  dlsplay.  There 1 s  one 
additional disadvantage- the  arrangement  does not lend 
ltself to simplified coordmatlon between  sectors. 

VERTICAL TV MONITORS 

The  advantages of the  Lsland  arrangement of the flat- 

standard  monitors  ranglng  in  size from l'l-inch through 21- 
inch to 27-1nch diagonal  dimensions  Dlfferent  installa- 
tlons  first  were  made  in  the  AOEC by tllting  the  monitors , 
at various  degrees  from  the  horlzontal  to  the  vertical. In 
the  ARTC Center,  these  monltors  were  mounted in the  bulletin 

T h i s  part of the  display  evaluatlon  was  made  uslng 
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board  area  and  ln  the  fllght  progress  bay area by  removing 

in-line arrangement  Controllers  were  not  unanimous in 
the  flight  progress  bays  to  form  an  integral  part of the 

their  preference  for  size,  some  desired  the l'(-inch and 
others  preferred the 21-inch.  Some of the  advantages of 
the  vertically  mounted  displays  were  that: 

and  the  fllght  progress  board  controllers, 
1 The  displays  were  easily  visible to both  the radar 

occurred 
2 Llttle or no reflectlon of llght or lmages 

3. Coordinatlon  between  the radar and  flight  progress 
board  controllers  was  simplified 

4. The  transition of scanning TV or flight  progress 
board  was  easy. 

5 No special  llghting  was requred. 

6. Flight  progress  strips  could be read  and  marked 
by the radar  controller  when  the  vertical  display  was 
located in the A-3 board. 

The disadvantages of the  vertical  display  were  that no 
memory  help  such as identification  markers  could  be  used. 
This  limited  the  capaclty of the  controller  and  prevented 
him  from  handling  more  than  three or four radar-separated 
aircraft  simultaneously. 

vertical monitors  and slant scopes was  carried on in the 
The evaluation  of the SPANRAD 22-inch, flat-face, 

AOEC for about a year. At the  end of this  period,  a number 
of radar  controllers  were  called in to  assist in the  final 
analysm of  these  different  displays. 
tailed in another  Technical  Development The Report resy$ The 

ts  are de- 

conclusions  reached In this  report  were 

1. The  scan-converted radar displays  are  bright 
enough  and  have  sufflclent  contrast  for  use in ARTC Centers. 

be  used  also  in  tower  cabs  and  IFR  rooms.  Control of light 
By the use of llght  traps or other  light  controls,  they  may 

is  most  important  when  using  the 22-inch horizontal  display. 

equlpment 1 s  excellent  for  control  purposes 
2 The  target  trall or storage  provided  by  the TI-440 



d i s p l a y  is adequate 
3 Resolu t ion  of r a d a r   t a r g e t s  on t h e  scan-converted 

was a maJor   workload  and  would  require   addi t lonal   personnel  
t o   t r a c k   t a r g e t s  The consensus was t h a t  the  t r a c k e r  
should  be a c e r t i f i e d   r a d a r   c o n t r o l l e r  

4 All r a d a r   c o n t r o l l e r s  f e l t  t h a t   t r a c k i n g   a i r c r a f t  

f l a t - f a c e   i n d i c a t o r   o v e r  a l l  o f  t h e  o t h e r   d i s p l a y s   t e s t e d  
5 Cont ro l   pe r sonne l  i n  g e n e r a l   p r e f e r r e d  t h e  22-inch 

w i t h   f l i g h t   p r o g r e s s   b o a r d s   g e n e r a l l y  was p r e f e r r e d   o v e r  
t h e   I s l a n d  

6 .  The i n - 1 F n e   l n s t a l l a t i o n  o f  t h e   r a d a r   d l s p l a y s  

7 The v e r t i c a l   m o n l t o r s   h a d   o n l y   l i m i t e d   u t l l l t y .  

KELVIN-HUGHES  RAPID-PROCESSING PHOTOGRAPHIC PROJECTOR 

photographlc   display  system  whlch  produces  an  enlarged  pro-  

beam tube .  The system i s  un lque   i n   t he   speed   In   wh ich   t he  
j e c t i o n  of a radar   ca thode- ray   tube  or a Charactron  shaped 

f i l m  i s  developed   El ther  a n e g a t i v e  or a p o s l t i v e   c a n   b e  
produced i f  r e q u l r e d  The n e g a t l v e  i s  ready for p r o J e c t i o n  
i n   a b o u t  I+ seconds ,   the   p roduct ion  o f  a p o s l t l v e   c a n   b e   a c -  
complished Ln about  12  seconds The speeds  mentioned  are 
made poss lb l e   by  t h e  use  o f  s e l ec t ed   chemica l s   and   hea t .  
Hot a l r  then  i s  u s e d   f o r   r a p i d   d r y i n g  

The Kelvin  and Hughes equipment,   Fig.  7, 1s a 

t h e   s h u t t e r   s y n c h r o n i z e d   I n   t l m e  w i t h  t h e   r o t a t l o n  o f  t h e  
In   opera t lon ,   the   Kelvm-Hughes  camera  equlpment has 

r a d a r   a n t e n n a .   I d e a l l y ,   t h e  shut te r  o f  the  camera is open 
f o r   o n e   r o t a t l o n  of t h e   a n t e n n a   p l u s  7 1/2O ove r l ap .  The 
s h u t t e r   t h e n   c l o s e s  for 1/25-second w h i l e  t h e   f l l m  1s ad- 
vanced The f i l m  frame  whlch has Just   been  exposed i s  ad- 
vanced   In to   deve lopment   wln le   the   second frame 1s being  
exposed On the  second  advance of t h e  f l l m ,  t h e  f l rs t  
frame L S  i n   p r o J e c t i o n ,   t h e   s e c o n d  1 s  l n  development,  and 
t h e  t h r d  1s being  exposed Th l s  c y c l e  i s  r epea ted   ove r  
and  over 

l l g h t  f o r  p r o j e c t i o n .  From a 35 mm f l l m ,  a d l s p l a y  of 4 t o  
A 1,000-watt  mercury  vapor lamp p rov ldes   t he   necessa ry  

6 f e e t   a c r o s s  1 s  a v a l l a b l e ,  as shown i n  F1g 8.  Diameters 
of 10 t o  20 f e e t   a r e   p o s s l b l e ,   b u t  t h l s  would r e s u l t  in 
some l o s s  of br lgh tness   and   wou ld   no t   be   su f f l c l en t  for 
the normal ambien t   l l gh t  I n  a room 
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AOEC was not  completed  nor was the  equlpment  used  to  con- 
The e v a l u a t i o n  of the  Kelvln-Hughes  equlpment i n  t h e  

t r o l   l l v e  IFR t r a f f l c  However, it was used for many hours 
by a l a r g e  number  of c o n t r o l   p e r s o n n e l   t o   t r a c k   a i r c r a f t  

ments,  and random a i r c r a f t   t r a c k m g   d u r i n g   d e m o n s t r a t l o n s .  
dur lng   radar   f l lgh t   checks ,   devla t ion   f rom  route   measure-  

From t h l s  exper ience ,   the   fo l lowing   SubJec t ive   op ln ions  
were  drawn. The advantages  of  the  system were: 

long-range   radars   could   he   ach ieved .  
1. A la rge   panoramlc   d l sp lay  of e i t h e r   s h o r t -  o r  

to   use   under   mos t  room l l g h t l n g   c o n d l t l o n s  
’ 2 It definitely was a b r i g h t  d i sp l ay ,   b r igh t   enough  

prevent ive  maintenance was performed. 
3 The equipment was q u l t e   r e l i a b l e  when proper  

4 .  Targe ts   were   l a rge   enough  to   permi t   the   use  of 

Thls permit ted  the  combining  of  t a b u l a r   i n f o r m a t i o n  w i t h  
a i r c ra f t   marke r s   on  the  o rde r   o f  2 by 3 inches  i n  s i z e  

range  and  azimuth data from the r a d a r  

f i l e  . 5 A permanent  record of r a d a r  data was a v a i l a b l e  f o r  

The d isadvantages   o f   the   sys tem  were :  

1. Fllm  and  chemlcals  were  quite  expensive.  For 
24-hour   se rv ice ,  i t  LS es t ima ted  t h a t  t h e   c o s t  of materials 
would  approach 120 d o l l a r s   p e r   d a y  

equlpment a t  a l l  t imes 
2 .  A mamtenance   technic ian  must be a t  o r  n e a r  the  

h o r l z o n t a l   d i s p l a y  1s r e q u l r e d .  To produce a d i sp lay   ap -  
aproximately 6 feet  across  .uequlres 15 f e e t  of p r o J e c t i o n  
d i s t a n c e .  

3 Cons ide rab le   ce i l l ng   he lg , t   mus t   be   p rov ided  i f  a 

r e q u l r e d   f o r   e a c h  radar 
4 A separate  Kelvln-Hughes  equipment  would be 

Kelvin-Hughes  equlpment  unless It were w r i t t e n  on t h e  
cathode-ray  tube  before   belng  photographed.  

5 No a lpha-nmer lc   da ta   could   he   p rOJeCted  by t h e  

6 .  The Kelvin-Hughes  equlpment  requires  connections 
for compressed a l r  o f  approxlmately 60 pounds  per   square 
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inch and  uses  about 5 cublc feet per minute  Power  supply 

well as a  waste  pipe, is necessary,  and  a  vent  into  the 
of 200 to 250  volts 1s required, a cold-water supply,  as 

necessary,  a  dark room is a  deslrable  addition. 
open  air 1 s  needed for fumes.  Although not absolutely 

7. Duplicate  unlts  are  required f o r  fail-safe 
operatlon. 

TIME-SHARED DISPLAYS 

Indlsanapolls were  used in a  study of time-sharing  Thls 
During Fiscal Year 1956, two ASR-2 radars at 

display of two  radars on one mdicator appeared  to  have 

handed  off from one radar operator to  another,  each  using 
application In traffic  control  areas where aircraft  were 

different  equipments. 

radar indicator A minlmum of circuitry  changes  were re- 
The  first  experiments  were  conducted  using  the SPA-8 

quired on this indicator due to a  cursor  circuit  whlch 
could be converted  to  display  a  second radar input.  Durlng 
the  second  half of Fiscal Year 195, while  the  decentral- 

Rockville,  the SPA-8 indicator  was  used to tlme-share the 
ized  sector of the  Indlanapolls ARTC Center  was  operated at 

CPS-6B radar  whlch had  two  antennas on one  pedestal.  The 

warnmg beam. In time-sharlng  thls  radar,  the  sweeps on 
vertlcal  beams  were  oriented 1 4 6 O  in azmuth from  the  early 

the  indicator  were  separated by the same 1 4 6 O  in  azimuth 
Inasmuch as only one trigger was  used In the CPS-6B radar, 
the  result  was  a  synchronlzed  display  Slnce  thls was a 
synchronlzed  dlsplay,  the  tlme-sharing  was  accomplished on 
a 1:l ratio.  This  work is reported in another  Technical 
Development  Report .I9 

vlntage, known as the UPA-35,  also  was  used in this  study. 
Most of this  work  was on the  premise  that no synchronization 
was  required.  The FPS-8 and  the ARSR-1 long-range radars 
and  the ASR-2 short-range radar were time-shared with each 
other.  When  time-sharlng  the ASR-2 wlth the long-range 
type radars,  the  long-range radar data were given dlsplay 
priority and the  ASR-2, with a pulse  repetitlon  frequency 

radar pulse  was emltted.  Flgures 9 and 10 illustrate  the 
(prf) of 1200, was  blanked out whenever  the  long-range 

time-sharmg of these radars, A more  detalled  technical 
report of  this work  has  been  prepared.20 

In addition to the SPA-8, another  lndlcator of  newer 



VFR FLIGHT ADVISORY TESTS 

2-month  evaluation  test of the VFR Radar Advisory  Service 
Durlng  the  early  months of Fiscal Year 1959, a 

was  conducted  from  the  Indlanapolis  Tower.  This  test  was 
completed  August  23, 1958 During  these  tests, 61 per 
cent of the VFR  fllghts ln and  out  of  Weir Cook Airport 
used  the  service  during  VFR  weather,  and  for a period of 

with  VFR  radar  advlsories  During  one 8-hour period, 87 
165 hours, data  Indicated  that 719 aircraft  were  provided 

pilot  questlonnaires  Indicated  that  a  large maJority of 
aircraft  were  provlded  with  advisorles.  Answers  to  two 

pllots  were In favor of a VFR  advlsory  service. Many pi- 
lots  Indicated in these  questionnaires  that  there  was  a 
need for altltude  informatlon on other  aircraft.  Pilots 
were  not  too  favorable  to  Inbound  and  outbound  channell- 

however,  that  under  these  condltlons  they  would  be  willing 
zation  except  durlng  marglnal  weather.  They  dld  Indicate, 

vectors An earlier  Technical  Development  Repor 
to  accept some restrlctlon  such as corridors or radar 

the VFR  Flight  Advisory  Servlce in more  detall. 2t 

ROOM  LIGHTING  STUDIES 

control  towers  became a critlcal  problem  when radar was 
Lightlng of trafflc  control  centers  and  traffic 

introduced  as  a  tool for the  control of traffic.  One of 

of the British  trlchromatic  llghting  system  Brlefly, 
the  earliest  studies  made In the  AOEC was  the  evaluation 

the  trlchromatlc  lightlng  system  Includes  groups  of  three 
fluorescent  tubes  covered  with  colored plastic, one  red, 

produces  an  apparent  whlte  llght  which  is  deflcient in the 
one  blue,  and  the  thlrd  green.  Thls  color  combination 

yellow-orange  part  of  the  spectrum 

Three  demonstratlon hght booths  were  constructed in 

were located In each of the  three  booths  a dlfferent 
the AOEC in which three identical OA-99 radar indicators 

type of lightlng  system  was  Installed.  These  included po- 
larlzed,  broad-band  blue,  and  mlnus  green. In the  booth 
being  lighted by the polanzed system, an overhead f l u o -  
rescent  fixture with glass  diffusing  was  covered with a 
linear  polarized  plastic The radar  Indicator  then was 
covered  wlth  a  polarized  plastlc 90' from  the  source  light. 
The  resultant  dlsplay from the OA-99 was  a  dark  background 
with  targets  showlng up brllliantly  through  the  polarlzed 
plastic.  The  ambieht  light  was  sufficiently  high  to  permit 
easy  readlng  and  wrlting  of  prlnted  matter. 



Sta t e   Un lve r s l ty   and   adop ted  by many m l l i t a r y   b a s e s ,  i s  

p l a s t l c  materlal. The r e s u l t a n t   a m b i e n t   l l g h t  1s a deep 
achieved  by  covermg a f l u o r e s c e n t   f i x t u r e  w l t h  a b lue  

b lue   which   does   no t   mater la l ly   f luoresce   the   phosphor   on  a 
P-7 ca thode- ray   tube  

The broad-band-blue  l lghtlng  system,  developed  by  Ohio 

I n s t l t u t e  Labora tor les ,   used  f l u o r e s c e n t   t u b e s  covered   wl th  
The mmus-g reen   l i gh t ing  system,  developed by F r a n k l i n  

two s h e e t s  of p l a s t i c ,  or I n  some c a s e s ,   t h e   t u b e  was cov- 
e r e d  w l t h  one   co lo red   p l a s t i c   and   t he  diffusing glass p l a t e  
cove red   w i th   ano the r   co lo r .  The c o l o r e d   p l a s t i c s   u s e d   i n  
th l s  system  were mauve and pea   g reen  When th i s  system of 
l l g h t i n g  was used, a g r e e n   f l l t e r  was used   over   the   ca thode-  
ray tube   S ince   t he   p l a s t l c   sh l e ld   ove r   t he   ca thode - ray  
t u b e   t e n d e d   t o   r e f l e c t   l i g h t   s o u r c e s   a n d   l l g h t   r e f l e c t i o n  
f r o m   c l o t h m g  o r  f a c e s  o f  o p e r a t o r s ,   F r a n k l m   I n s t l t u t e  
Labora tor ies   had  t r l s  c o v e r   p l a t e d   w l t h  a t h i n  (5500 ang- 
s t r o m s )   z e r o   r e f l e c t i o n   c o a t m g .  The coa t ing   r educed   t he  
s p e c u l a r  reflection t o   z e r o  a t  one  wavelength w l t h  re- 
duc t lon  somewhat l e s s   t h a n   z e r o   a t   o t h e r   w a v e l e n g t h s .  T h l s  
c o a t l n g  was qul te   expens lve ,  as It cos t   app rox lma te ly  60  

was s o f t  and  very e a s l l y   s c r a t c h e d  I n   a d d l t l o n ,  f i n g e r -  
d o l l a r s  t o   p l a t e  a 10-Inch-dlameter  f i l t e r .  The c o a t l n g  

p r m t s  once  marked o r  a p p l l e d   t o   t h e   s u r f a c e   w e r e  difficult 
t o  remove Most materials whlch  would  remove  the 
f l n g e r p r l n t s   a l s o   s c r a t c h e d  or m a r r e d   t h e   s o f t   s u r f a c e .  

I n   a d d i t l o n   t o   t h e   s y s t e m s  f o r  a m b i e n t   l i g h t l n g   t h e  

was c a r r i e d  on w l t h  such   t h lngs  as back- l lgh t lng  o f  c h a r t s ,  
space  around r a d a r  i n d l c a t o r s ,  cons iderable   exper imenta t lon  

In  which o p a l   g l a s s  was p l a c e d   o v e r   s e v e r a l   f l u o r e s c e n t  
tubes  which  were  backed  by reflective material t o  make a 
comple te   def lec t lon   sys tem f o r  b a c k - l i g h t l n g  of f i l m  or 
t h l n  paper   char t s   Another   approach   to  this  problem was 

When the  c h a r t s  or maps were p laced   ove r  and   aga ins t  t h e  
t o   b u l l d  a box w l t h  l l g h t s  a t  the   edge  o f  P l e x i g l a s  covers  

Plexiglas, l l g h t  was d e f l e c t e d   i n t o   t h e  f l l m  or c h a r t  so 
t ha t  It  had  the  appearance of b e m g   b a c k - l l g h t e d .   F o r  
o t h e r   t y p e s  o f  l l g h t l n g  for cha r t s   and  maps, t h e  l l n e s  
were  drawn w l t h  f l u o r e s c e n t   i n k  or p a i n t   a n d   t h e n   i l l u m i -  
na t ed  w l t h  u l t r a v l o l e t   l a m p s ,  or I n  some cases,   whole 
s h e e t s  of f luo rescen t   ma te r l a l   were   cove red   w i th   t r anspa r -  
e n t  maps and   cha r t s   and   t hen   l l gh ted  w l t h  u l t r a v i o l e t  
lamps so  t h a t   t h e   f l u o r e s c e n t   m a t e m a 1   w o u l d   s h m e   t h r o u g h  
t h e  l m e s  o n   t h e   c h a r t .  A t h l r d   s y s t e m  o f  l i g h t l n g   c h a r t s  
was t o   p r o c u r e   l u m i n e s c e n t   p a n e l s   U s m g   p o s i t l v e   a n d  
n e g a t l v e  f l l m ,  experlments   were  carr led  out   to   see  which 



sys tem  gave   the   bes t   type  o f  p r e s e n t a t i o n   t o   t h e  

v i s l o n   p l c t u r e s   w e r e   a v a i l a b l e  for r a d a r   c o n t r o l   e l i m i n a t e d  
c o n t r o l l e r s .  The adopt ion  o f  scan-conversion s o  t h a t  t e le -  

a m b l e n t   l i g h t   i n   t h e  room c o u l d   b e   i n c r e a s e d   t o   t h e   p o l n t  
t o  a great e x t e n t   t h e   n e e d  for l i g h t m g   c h a r t s   s i n c e   t h e  

where p r i n t e d   m a t t e r  could be e a s i l y  read. 

m a t e r i a l   t o   b u i l d  what were   ca l l ed  " l i g h t  t raps ,"  These 
w e r e   u s e f u l   i n  radar l n s t a l l a t i o n s   i n   t h e   c o n t r o l   t o w e r  

movement of t he  sun and   t he   r e f l ec t lons   wh ich   were   neve r  
where amblent l i g h t  i s  changing continually due t o   t h e  

s t a t i c  Although i t  had   been   r ecogn lzed   p rev ious ly   t ha t  
p o l a r i z e d   m a t e r i a l  was e s p e c i a l l y   h e l p f u l   i n   e l i m i n a t i n g  
r e f l e c t e d   l i g h t   f r o m   c a t h o d e - r a y   t u b e s ,   t h e   p o l a r i z e d  mate- 
r i a l  i t s e l f  was a r e f l e c t i n g  medium f o r  l i g h t  f a l l i n g  on 

t i o n ,  i t  was found that  l i g h t   t r a p s   c o u l d   b e   b u i l t   w h i c h  
i t  By us ing  a pa rabo l i c   cu rve   and  shadmg t h e  lower  por-  

would e l l m l n a t e   p r a c t i c a l l y  a l l  ambient l i g h t  r e f l e c t i o n s  

w e l l - l l g h t e d   i n s t a l l a t i o n s .  Some of t h i s  e f f o r t  i s  
and  images  such as a re   found   In   con t ro l   t owers  and o t h e r  

r epor t ed   i n   ano the r   Techn ica l   Deve lopmen t   Repor t . 21  

ARTC CENTER ROOM LIGHTING 

C o n s i d e r a b l e   e f f o r t  was expended t o  u s e   p o l a r i z e d  

recommended  by Thomas B Bourne  Associates f o r  t h e  new 
ARTC Center   bu i ld ing   were   p rocured .   S ix teen  of t h e s e  f ix -  
t u r e s   w e r e   i n s t a l l e d  i n  the   two-s tory   audi tor ium  of  
Bu i ld ing  69 i n   t h e  TDC a r e a .  The l i g h t  f ixtures  were con- 
s t r u c t e d   t o   u s e  f o u r  40-watt f l u o r e s c e n t   t u b e s  w i t h  motor- 
d r i v e n   s h u t t e r s   o n   e a c h   f i x t u r e .  T h i s  pe rmi t t ed   shad ing  of 

p e r m i t t e d  dimming o f  the  l i g h t   f r o m   b a n k s   o f   e i g h t  f ix -  
t h e   l i g h t   f r o m   i n d i v i d u a l   f i x t u r e s .   I n   a d d i t i o n ,   c o n t r o l s  

b l ack .   P re l imina ry  tes ts  of  t h e s e   l i g h t   f i x t u r e s   i n d i c a t e d  
t u r e s .  The louve r s  and movable  vanes  were  painted  dull  

19 foo t - cand les   o f   i l l umina t lon   d i r ec t ly   be low t h e  f ixtures  
a t  a d i s t a n c e   o f  18 f e e t .   T h e r e  was a n o t i c e a b l e   d i f f e r -  
ence i n   l i g h t   i n t e n s i t y  due t o   t h e   v o l t a g e   d r o p   f r o m   o n e  
end of a r o w  o f   e i g h t   f i x t u r e s   t o  the o t h e r .   T e s t i n g   o f  
t h e s e   f i x t u r e s  was not   comple ted   due   to  t he  t e r m i n a t i o n  of  
the program a t  TDC and they  were s h i p p e d   t o  NAFEC. 

FLIGHT  PROGRESS  BOARDS 

Prototype  models of l i g h t   f i x t u r e s   o f   t h e   t y p e  

F l i g h t   p r o g r e s s   b o a r d s  first came i n t o   u s e   i n  1939 f o r  
t r a f f i c   c o n t r o l   p u r p o s e s .  An e v o l u t i o n  has c o n t i n u e d   s i n c e  
t h a t  tune. I n  1954, when t h e  C inc inna t i   Cen te r  was moved 



to IndLanapolls,  there  was  not  a sufficient number of 
Plttsburgh-type  boards available to  outflt  the  Indianapolis 
Center  The  Plttsburgh  board,  which  was two-sided or made 

opposlte side of the  board from  the D posltlon An exper- 
for back-to-back operation, located the A positlon on the 

imental  board,  which  had  been  deslgned by CAA  engineers, 
was  in  blueprlnt form To  meet  the  needs of the new 
Indlanapolls  Center, it was  declded  to  construct an ade- 
quate  supply of the new boards,  which  were known as the 
IA-1 type  This type of board 1s Illustrated  in F l g .  11 
and  was  the SubJect of an evaluatlon  report  wrltten by the 
Indianapohs ARTC Center in 1955. In thls  evaluatlon 
report, It was  recommended 'chat a  revlsion In deslgn be 
bullt  lnto future fllght  progress  boards. As a  result,  the 
Technlcal  Development  Center  constructed  one of these 
boards for the ARTC  Center. It was known as the  Louisville 
board  because of its locatlon at the Lou-Lsvllle Sector in 
the Indlanapolls  Center.  Figure 12 deplcts  thls  board 

Alr Navlgatlon  Development  Board,  engaged  Henry  Dreyfus 
and Associates to deslgn a  fllght  progress  board  whlch 
would be deslgned f o r  human  englneerlng  practlces  and  fit 
the  needs  of  air  trafflc  control  personnel.  Flgure 13 il- 
lustrates the Dreyfus  board  whlch  was  used  at  Rockvllle 
during  the tlme that  the  decentrallzed sector was In 
operation at  that  locatlon 

The Bell Telephone  Laboratories, on contract for the 

modular units of two- and four-bay unlts  whlch could  be 
One concept of a flight  progress  board  was to  make 

mounted side by side to glve any conflguratlon  that  was 
necessary for Center  use. Flgure 14 illustrates one of 
the  later  types of modular  boards  built for the AOEC. 

The A-3 and A-it fllght  progress  boards,  which  were 
designed ln Washlngton, contamed many  features  which were 

ences between AOEC and  Washlngton  personnel.  Figure 15 
the  result of experimentatlon,  demonstrations,  and confer- 

illustrates  the A-3 board  whlch 1 s  being  used In the 
Indianapolis ARTC Center. The A-4 flight progress  board 
is the A-3 modifled  by  addlng more llghts to the  top of 
the  fllght  progress board. AOEC personnel  were Instru- 
mental in deslgnlng  plans f o r  the  modlflcatlon of the A-3 
and A-4 fllght  progress  boards f o r  the  installation of in- 
l m e  radar dlsplays.  ThLs  Included the 22-inch flat-face 
console for horizontal  display  as well as  the 21-mch 
vertlcal  dlsplay  consoles. 



T'ie New York and  WashlnGton ARTC Centers   used VG 
r a d a r   l n d l c a t o r s  upon w h ~ c h  were mounted  small   sect lons  of  
f lLght   progress   board  for   accommodat ing  approxlmately 10 o r  
12 flight p r o g r e s s   s t r l p   h o l d e r s  From thls  concept,  i t  
was deemed des l r ab le   t o   bu l ld   an   I s l and   a r r angcmen t  f o r  t h e  
u s e   o f   t e l e v l s l o n   d l s p l a y s  when scan-converslon equipment 
was m t r o d u c e d  The f l r s t  p ro to type  o f   a n   i s l a n d   t o  acom- 
modate a t e l e v l s l o n   f l a t - f a c e   d l s p l a y  a t  each  end was b u i l t  
a t  the  Technlcal  Development  Center T h l s  c o n s t r u c t i o n  was 
made from Washington's s k e t c h  No. 24 A t  a demonstrat lon 

were, necessary  and these  were made a t  TDC F lgu res  16 and 
o f  t h l s   p r o t o t y p e ,  ~t was determined t h a t  some revisions 

17 I l l u s t r a t e   t l l e s e   d i f f e r e n t   i s l a n d   c o n f l g u r a t l o n s .  

FLIGHT  PROGRESS STRIP HOLDERS 

informat lon  1 s  p o s t e d   b e f o r e   t h e   c o n t r o l l e r  on paper   board 
o r  cards   which  are  1 I n c h   w ~ d e   b y  8 lnches  long.   These 

metal or o t h e r   t y p e   c o n t a l n e r  known as f l l g h t   p r o g r e s s  
ca rds ,  commonly c a l l e d   s t r l p s ,   a r e   h e l d  on t h e   b o a r d   I n  a 

s t r i p   h o l d e r s  The e a r l i e s t   s t r l p   h o l d e r s  were made of 
s h e e t   s t e e l .   I n  1944, an alummum s t r l p   h o l d e r  was de- 
s igned   S lnce  that  t lme,  a number o f   d l f f e r e n t   m a t e r l a l s  
h a v e   b e e n   u s e d   t o   f a b r i c a t e   f l l g h t   p r o g r e s s   s t r l p   h o l d e r s .  
Materials have   inc luded   severa l   types   o f   rubber ,   ny lon ,   and  
F l b e r g l a s .  The AOEC, worklng n t h  I n d l a n a p o l l s  ARTC Center  
pe r sonne l ,   eva lua ted   t l l e   d l f f e ren t   t ypes   o f  s t r i p  ho lde r s  
as they  were made avaLlable.  Technical  Development 
Reports22 23 covered   the   eva lua t lon   of   the   b lack   rubber  
p l a s t l c   a n d   n y l o n   s t r l p   h o l d e r s .  

I n   t 5 e   t r a f f i c   c o n t r o l   c e n t e r   a n d   t o w e r ,   t h e   f l l g h t  

Several   thousand strip h o l d e r s   a r e   u s e d   i n   b u s y  
centers   each  day  There IS a cons iderable   workload   in -  
volved in   l oad lng   and   un load lng   t he   s t r l p   no lde r s   t o   keep  

was l n t r o d u c e d   i n t o   t h e  ARTC Centers ,  It was f o u n d   t h a t   t h e  
t h e   l n f o r m a t l o n   c u r r e n t .   I n  1957, when t h e  f lrst  computer 

s p e e d   o f   p r l n t l n g   t h e s e   f l l g h t   p r o g r e s s   s t r l p s  was approx- 

s e v e r a l   p e r s o n s   b e   a s s l g n e d   t o   l o a d   t h e   s t r l p   h o l d e r s   w l t h  
ima te ly  50 s t r l p s   p e r   m l n u t e .   T h i s   s p e e d   r e a u l r e d   t h a t  

t h e   o u t p u t   f r o m   t h e   c o m p u t e r   p r l n t e r  A s  a resu l t ,  p e r -  
sonnel   o f   the  AOEC conceived t h e  Idea   o f   bu l ld lng   an  auto- 
matic  o r  m e c h a n l c a l   s t r l p   c u t t e r   a n d   l o a d e r .  The Technlca l  
Development C e n t e r ' s  Engineering Shops   des igned   and   bu l l t  a 
shop  prototype  model  whlch was capable   of   loadlng strlps at  
a r a t e   o f   app rox lma te ly  30 per   mlnute .   Thls   model   proved 
t h a t   t h e   i d e a  o f  l oadmg  the   ho lde r s   mechan lca l ly  was 
feas ib le   Future   deve lopment   p rograms  on   th l s   equipment  
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are beme  handled  by the  Bureau  of R&D. F igure  18 shows 
t h e  p r o t o t y p e   s t r i p   s t u f f e r   t h a t  was b u i l t  a t  TLIC 

TARGET MARKERS 

c o n t r o l   s i n c e  1936 when the f i r s t  ARTC Centers  were  lmple- 
H l s t o r l c a l l y ,   t a r g e t   m a r k e r s   h a v e   b e e n   u s e d   i n  t r a f f l c  

mented  These f i rs t  markers were brass b locks  1 1/1+ i nches  

p r o v i d e d   i n  t h e  t o p   s u r f a c e  t o  permi t  the  use  of t e l e t y p e -  
long by  3/4-lnch  wide  by  l / l l- lnch  thick.   Grooves  were 

w r i t e r   p e r f o r a t o r   t a p e   f o r   i n s e r t i o n  and f o r  marklng w l t h  
p e n c i l  These were   d i scon t inued   i n   Cen te r s   abou t  1940. 
With t h e  advent  of radar i n   C e n t e r s ,  a need for markers 

was met  by the   u se   o f  a s m a l l   p l a s t l c   m a r k e r  of c l e a r  mate- 
t o   I d e n t i f y  radar t a r g e t s   a g a i n  was encountered.  T h i s  need 

China  marklng  penci l .  The s i z e   o f  t h i s  marker   var ied w i t h  
r i a l  upon  whlch t h e   i d e n t i f l c a t i o n   c o u l d   b e   m a r k e d  w i t h  a 

measure 3, 5, and 10 ml les .   These   p las t ic   markers   were  
t h e   s i z e  o f  t h e  radar d i s p l a y   a n d   u s u a l l y  was s c a l e d   t o  

u s e d   i n   t h e  New York,  Washmgton,  and  Chicago  Centers  on 
t h e   r a d a r   d i s p l a y s  A t  t he  Technical  Development  Center,  
a t tempts   were made t o   p r o j e c t  radar Informat ion   us ing   var -  
i o u s   e q u i p m e n t s ,   a n d   t o   k e e p   t h e   i d e n t i f i c a t i o n   a n d   o t h e r  

In t h e   b e g i n n i n g ,   t h e s e  markers were made of s h e e t  aluminum 
f l i g h t  data o f   t abu la r   fo rm  coord ina ted   w l th   t he  radar b l i p .  

a w r i t i n g  medium.  The e v o l u t l o n   o f   t h e s e  aluminum markers 
t u rned  up a t  t h e   s i d e s  so t h a t  heavy  paper   could be u s e d   f o r  

became a machlned  block  of  cast   aluminum w l t h  a l t i t u d e   w h e e l s  
and  attachments for ind ica t ing   c l imb  and   descent   a r rows   on  
t h e   s i d e .   F i g u r e s  1, 2, and 8 i l l u s t r a t e  some o f   t hese  
markers   Figure 19 shows p l a s t i c   m a r k e r s  i n  use on t h e  TV 
radar displays c o v e r e d   i n  a p r e v i o u s   s e c t i o n   o f  t h i s  r e p o r t .  

marker ,   which   could   be   ad jus ted   to  move a t  a s c a l e   s p e e d  
Many people  were  of t h e  opin lon  t h a t  a self-powered 

would eliminate much o f   t he   l abo r   o f   keep ing   t he   t abu la r  
commensurate w l t h  t h e  actual   ground  speed o f  t h e   a i r c r a f t ,  

in format ion   updated  w i t h  t h e  a c t u a l  moving b l i p   o n   t h e   p a n -  
oramic  display  Accordingly,  a c o n t r a c t  was i n i t i a t e d  w i t h  
t h e   U n i t e d   S t a t e s  Time Cow.  t o  develop  such a self-powered 
m a r k e r   I n   w r i t i n g   t h e   s p e c i f i c a t i o n s  for th i s  marker, i t  
was necessa ry  t h a t  t h e   s i z e   o f   t h e   m a r k e r   b e   k e p t   t o  a s l z e  
commensurate w l t h  t h e   s c a l e   u s e d   o n   t h e   d i s p l a y .  The S i z e  
s p e c i f i e d   i n   t h e   c o n t r a c t  was 3 inches long  by 2 i nches  
wide  by 1 i nch   h igh .  The h e i g h t   l a t e r  was a l t e r e d  when a 
d e c i s i o n  was reached t h a t  the   t h i ckness   o f   t he   marke r  was 
n o t  c r i t i c a l .  United S t a t e s  Time Corp was unab le   t o   mee t  
t h e   s p e c i f i c a t l o n s ,   a n d   e v e n t u a l l y  the c o n t r a c t  was 
c a n c e l l e d .  
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CONVEYORS  FOR  FLIGHT  PROGRESS STRIP HOLDERS 

conveyors f o r   t h e  ARTC Center  a t  I n d i a n a p o l i s   t o   c a r r y   t h e  
Another   p roJec t   t ask   involved   the   deve lopment   o f  

f l i g h t   p r o g r e s s   s t r i p   h o l d e r s   f r o m   t h e  IBM computer room 
t o  t h e  i n d i v i d u a l   s e c t o r s  where t h e   s t r i p   h o l d e r s  would  be 
used.  The comple t e   i n s t a l l a t ion   o f  13 i n d i v i d u a l   b e l t   c o n -  
veyors  i s  the  outgrowth  of   approximately 18 months  of  study 
by AOEC pe r sonne l .  The f i rs t  conveyor  used  an alummum 
channel w l t h  a smoo th - su r face   be l t  It was found t h a t  t h e  

a n d   t h e   r e s u l t m g  d i r t  c o a t e d   t h e   s t r l p s   a n d   p e r s o n n e l  
aluminum  channel, when rubbed   by   the   be l t ,   tu rned   b lack ,  

n o t   a d h e r e   t o  t h e  b e l t  well enough t o   b e   t r a n s p o r t e d   u p  t h e  
handling  them The b e l t  was s l i p p e r y ,   a n d   t h e   h o l d e r s   d i d  

s l o p e s   n e c e s s a r y   f o r   l i f t i n g   t h e   s t r i p   h o l d e r s   a b o v e  t h e  
f l i g h t   p r o g r e s s   b o a r d  After a cons ide rab le  amount  of  ex- 
p e r l m e n t a t i o n ,   s t a l n l e s s   s t e e l   c a r r i e r s   w e r e   d e v e l o p e d  
These   car r ie rs   were   equlpped   wl th   th ree-p ly   rubber .  The 
s u r f a c e  i s  a s e r i e s   o f  small rubbe r   beads ,   ca l l ed  "Ruff- 
T o p , "   w h i c h   g r i p   t h e   f l i g h t   p r o g r e s s   s t r i p   h o l d e r s   a n d  

p l y   b e l t s ,  a b e t t e r  s p l i c e  was developed  than had  been  used 
carry them up grades  of  approxlmately 25O. On t h e s e   t h r e e -  

prev ious ly   and   on ly   one   b reak  was experienced i n  s e v e r a l  
months  of  continuous  use.  The l l n e a r   s p e e d   o f   t h e s e  bel ts  
was approximately 233 fee t  per   mlnute  A s t u d y  was made 

u s e d   f l l g h t  p rogres s  s t r i p  holders   back t o   t h e   f l i g h t   d a t a  
t o   d e v e l o p  a r e t u r n  c a r r l e r  be l t   wh lch  would  convey  the 

p o s l t i o n  o r  the IBM computer room f o r   s t r i p p l n g   a n d   r e -  
l oad ing  The resul ts  o f   t h i s   p r o J e c t   t a s k   a r e  c v e r e d   i n  
d e t a i l  i n  another  Technical  Development  Report .  2f 

TRAFFIC FLOW STUDIES 

The AOEC made s e v e r a l  Intensive surveys  of  a i r  t r a f f i c  
f low.  Most o f   t hese   s tud le s   were  made from  informatlon 
a v a i l a b l e  I n  t h e   I n d i a n a p o l l s  ARTC a r e a .  Some o f   t h e  
r e su l t s   ob ta ined   conce rned  

1. The  number o f   f l i g h t s   p e r   d a y   p e r   o p e r a t o r  

2 .  The number   o f   t imes   each   a l t l t ude   l eve l  was 
occupied 

d i rec t /a i rways  
3. The  number of   direct ,   a i rways,   and  combinat ion 

(50-knot   increments) .  
4 .  The number  of f l l g h t   p l a n s   b y   s p e e d   c a t e g o r i e s  

35 



centers   f rom  which t h e  f l l g h t   p l a n s   w e r e   r e c e i v e d .  
5 The number  of f l i g h t s  from the   s even   ad jacen t  

1-hour   peak   per iod  
6 .  T r a f f i c  breakdown by 3-hour  peak  per iod  and 

made t o  show: 
7 .  During  1-hour  peak  periods,  fu r ther  breakdown was 

a .  

b .  

C .  

d.  

e 

f .  

g .  

h .  

The number o f   d i r e c t   f l i g h t s .  

The number  of  airway f l i g h t s .  

The  number of c o m b i n a t i o n   f l i g h t s .  

The  number  of  characters (alpha o r  numeric) 
i n   t h e   i d e n t i f i c a t i o n   a n d   i n   t h e   a i r c r a f t  
t y p e .  

The  number of route   segments   conta ined  i n  
f l i g h t  p l a n s .  

The  number o f   r e v i s i o n s   t o   e s t i m a t e s ,  
r o u t e s ,   a n d   a l t i t u d e s .  

The number  of p o s i t i o n   r e p o r t s   r e c e i v e d .  

The  number o f   compul so ry   pos i t i on   r epor t s  
t h a t  were   no t   r ece ived .  

a v a i l a b l e   t o   t h e   v a r i o u s  CAA o f f i c e s   c o n c e r n e d  wi th  
programming  computers  and/or o the r   p rob lems .  

The resul ts  o f   t h e s e   s t u d i e s  and surveys  were made 

F igure  20 i n d i c a t e s  the t r a f f i c   f l o w   t h r o u g h  t h e  
I n d i a n a p o l i s  ARTC a rea   i n   one   24 -hour   pe r iod .  The s o l i d  

p o i n t  o f  d e s t i n a t i o n .  This  i s  d e p i c t e d  as a s t r a i g h t   l i n e  
l i n e s   i n d l c a t e   o v e r - t r a f f i c   b a s e d  on p o i n t  of o r i g i n   t o  

and f a l l s  i n  the   Ind ianapo l i s   a r ea   because   o f   a i rway   con-  
f i g u r a t i o n .  The b r o k e n   l i n e s   i n d i c a t e   a i r c r a f t   t a k i n g   o f f  
from o r  l and ing  a t  terminals i n   t h e   I n d i a n a p o l i s   a r e a .  

INTERPHONE  COMMUNICATIONS  EQUIPMENT 

l a n d l i n e   c o m m u n i c a t i o n   f a c i l i t i e s   a d j a c e n t   t o   t h e  
I n d i a n a p o l l s  ARTC Cen te r .   Be l l   Labora tones ,   workmg w i t h  
and  through t h e  Indlana  Bel l   Telephone  Co. ,  engineered and 

A p a r t   o f   t h e  AOEC environment  included  air/ground  and 



f a c L l i t i e s  known l o c a l l y  as t h e   p a t c h   p a n e l .  The Thi rd  
installed a f l e x l b l e   s y s t e m  o f  landl lne  communlcat ions 

Reg iona l   Of f i ce   l n s t a l l a t lon   c r ew,   fo l lowing   t he  same p a t -  

air/ground  and recording equlpment. 
t e r n   o f   I n s t a l l a t i o n ,   i n s t a l l e d   p a t c h   p a n e l s  f o r  t h e  

F igure  21  i l l u s t r a t e s   t h e   t e l e p h o n e   p a t c h i n g   p a n e l  
equipment The l e f t - h a n d   p a n e l   o f   t h e   I l l u s t r a t i o n  1s the  

a n d   l o n g l i n e   c i r c u i t   t o   b e   t e r m i n a t e d   i n  a series of   j acks  
l i ne   t e rmina t ion   pa t ch ing   pane l   wh ich   pe rml t t ed   each   l oca l  

An a s s o c l a t e d   s e r l e s  o f  j acks  on t h e  same panel  were ar-  
ranged   to   cor respond w i t h  each A and D p o s i t i o n   I n   t h e  ARTC 
Cenber It thereby  was poss ib le   to   connec t   any   incoming 
l m e  t o  any  key l n  a 102A keybox a t  t h e   d e s i r e d   s e c t o r  or 
s e c t o r s  T h i s  pe rml t t ed   any   combina t lon   o f   l i nes   t o   be  
t e rmina ted  a t  a n y   c o n t r o l   b o a r d   i n   t h e   c e n t e r  

A t  the   top   o f   the   second  pane l   f rom  the  l e f t  t h e  
p o s l t i o n   p a i r i n g  (or s p l i t t i n g )   p a t c h i n g   p a n e l  i s  l o c a t e d  
T h i s  p o s l t i o n   p a i r i n g   p a t c h i n g   p a n e l   p r o v i d e d   f o r   p a i r i n g  

t h e  A a lways   moni tor lng   the   assoc la ted  D p o s i t l o n .   P a t c h i n g  
any  two p o s i t i o n s  i n  the   Cen te r  as A and D p o s i t i o n s  w i t h  

was accomplished by c a b l e s  with plugs  which were w l r e d   t o  
e a c h   o t h e r   i n   s u c h  a way t h a t  t he  plug  marked A was c r o s s -  

p lugs  o r  J a c k s   w e r e   c o n n e c t e d   e l e c t r i c a l l y   t o   i n d i v i d u a l  
connec ted   to  a plug  marked D. The r e c e p t a c l e s   f o r   t h e s e  

keybox   pos i t i ons   i n  t h e  C e n t e r ' s   o p e r a t i n g  room. The ad- 
vantage o f  t h i s   p o s i t i o n   p a i r i n g   p a t c h   p a n e l  was the  added 
f l e x i b i l i t y   e n a b l i n g   C e n t e r   p e r s o n n e l   t o   c h a n g e  t h e  l o c a t i o n  
of A and D pos i t i ons   w l thou t   l o s ing   t he   mon i to r lng  
c h a r a c t e r i s t i c  

The second   s e t   o f   j acks  on the   pane l ,   second  f rom  the  
l e f t ,  i s  t h e  pr ime  answering  patching  panel .  The prime an- 

r e l ays   on   each   Incoming   l i ne   t e rmina t ing  i n  the  I n d i a n a p o l i s  
swering  patchlng  panel   had a series o f  j a c k s   c o n n e c t e d   t o  

Cen te r .   Ano the r   s e r i e s  of j a c k s  were w l r e d   t o   t h e   a t t e n t i o n  

By u s i n g   t h e   p a t c h   c o r d s ,   t h e   i n c o m i n g   s i g n a l   f r o m   a n y   l i n e  
s i g n a l  lamps a t  e a c h   o p e r a t i n g   p o s i t i o n   i n   t h e   c o n t r o l  room. 

c o u l d   b e   c o n n e c t e d   t o   t h e   a u x i l l a r y   p o s i t i o n   s i g n a l  lamp of 
t h e  A or D pos i t i on   wh ich  would  be  responsible   for   answering 
t h a t  p a r t l c u l a r   l i n e   S i g n a l s   f r o m   t w o - t o n e   d l a l i n g   c i r -  

of t h i s   p a t c h i n g  panel  was that the  pr lme  answering  respon-  
c u i t s   a l s o   c o u l d  be   con t ro l l ed   by  t h i s  p a n e l .  The advantage 

s i b i l l t y   c o u l d   b e  t r ans fe r r ed   f rom  one   keybox   t o   ano the r .  

t h e   o v e r r l d e  p a t c h m g  pane l  shown on the   lower  p a r t  of t h e  
Another f e a t u r e  u n i q u e   t o   t h e   I n d l a n a p o l i s  Center  was, 

second  panel  i n   F i g .  21.  The o v e r r i d e   p a t c h i n g  pane l  
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consists of a  series of  jacks  whlch  were  connected  to  the 
headset  circuit  at  each  operating  position  in  the  Center 
A second  series of jacks  were  connected  to  the  intracenter 
740 PBX equipment  Each  jack of this  second  group  was  as- 
signed a two-digit  code  and  activated  by the PBX only  when 
the  pertinent  number  was  dialed A two-digit  code  was  as- 
signed to each  operating  posltlon  in  the  ARTC  Center  and 
the  AOEC.  When  a  controller  wished  to  converse  with an- 
other  controller,  the  calling  controller  depressed  the PBX 
key and  dialed  the number associated  with  the  called con- 
troller's  position.  This  connected  the  two  headsets  and 
llghted  a green beehive  lamp  at  the  called  position. As 
the  berm "override"  implies,  the  two  headsets  were con- 
nected,  whether  the  called  positlon  was  busy on another 
l m e  or not. The patchlng  panel on this  flexible instal- 
lation  permltted the use of the  same  code  number for a 
sector regardless of Its  physlcal  location  along  the  fllght 1 

progress  board 

During  calendar year 1956, at the  request of the AOEC, 
the Indlana Bell Telephone  Co.  made  a  tentatlve  survey of 
the  relative  costs of lnstalllng 18 lnterphone  positlons in 
the  normal  manner  versus 18 lnterphone  posltlons  equlpped 
with  patchlng  panel. It appeared  that  the  patch  panel 
equlpment  and plug-in cable  termlnatlons  increased  the 
mstallation and  monthly  charges  approximately 30 per cent. 

AIR/GROUND EQUIPMENT 

Figure 22 illustrates  the air/ground patching  panel 
wlth the open Chrlstmas-tree  racks on the  right  and  the 
telephone  patching  panels In the  left  background Thirty- 
two  receivlng  channels  and 28 transmltting  channels  were 
made available to  the  ARTC  Center and the  AOEC  through  the 
patching  panel. Thls flexibllity  permitted  frequencies to 
be  transferred  from  one  sector  to  another in the ARTC 
Center,  and for operatlon or monitoring  in  the  AOEC,  by 
patching  into  the  portable  consoles,  as  described  below. 
The 32 receiving  channels  and 28 transmitting  channels men- 
tloned  above  included  all of the  frequencies  assigned to 
the  control  tower,  the  communicatlons  station,  and  the  ARTC 
Center at  Indianapolis. 

interphone termmations all  were  terminated in a portable 
console, shown in Fig. 3. This  configuration of communica- 
tions  equipment  included 12 channels of radio, 20 channels 
of lnterphone,  the  central  office  line  telephone,  and a 
three-lamp  signal  light. An automatic switching devlce  was I 

In the  AOEC,  the  air/ground  channels  and  the 



was u s m g   r a d l o   r e g u l a r l y   a n d   t h e   I n t e r p h o n e   c i r c u i t s   o n l y  
used  on  each  of   these  consoles  so that  I f  t h e   c o n t r o l l e r  

occas iona l ly ,   t he   swi t ch   cou ld   be   p l aced  on  automatic,  which 

a t  a l l  t imes w l t h  no i n t e r f e r e n c e   t o   t h e   i n t e r p h o n e   c i r -  
t h e n   p e r m i t t e d   t h e   o p e r a t o r   t o   l l s t e n   a n d   t a l k  on t h e  r a d i o  

c u i t s  However, i f  an  interphone  key was moved t o  t h e  ON 
p o s i t l o n ,  t h i s  au tomat i ca l ly   swi t ched   t he   headse t  from t h e  
r a d i o   t o   t h e   i n t e r p h o n e  circuitry. 

AIR/GROUND ANSWERING DEVICE 

Seve ra l  Mohawk message  repeaters   were  purchased  by 
t h e  PAOEC f o r  e x p e r l m e n t a t l o n   I n   t h e   f i e l d   o f   a u t o m a t i c   a n -  
swer ing   devices .  The Mohawk message   r epea te r   cons l s t ed  of 
a sho r t   magne t l c   t ape   r eco rde r  w i t h  p l ayback   ava i l ab le  i n  

o f  the  magnetic  tape  on  whlch  speclal   messages  could  be 
t h e  same ins t rumen t .  AOEC personnel   p repared   c losed   loops  

b r o a d c a s t   w e a t h e r .   I n   t h i s   c a s e ,   t h e  Mohawk machine was 
recorded .  One a p p l i c a t l o n  was t h e   r e c o r d i n g   o f   r e g u l a r  

were a s k e d   t o   r e c o r d   t h e   r e g u l a r  15- and  45-minute-after-  
i n s t a l l e d   i n   t h e   c o m m u n i c a t i o n s   s t a t l o n ,   a n d   t h e   o p e r a t o r s  

t h e - h o u r   b r o a d c a s t s   p r i o r   t o   b r o a d c a s t  tlme. The broad- 
cas t   then   would   be  made a t  t h e   d e s i r e d  time by  merely 
s ta r t ing  the   p l ayback  o f  t h e  Mohawk message   repea ter   This  
t e s t  o p e r a t e d   s e v e r a l  weeks b u t  was n o t  considered satis-  
f a c t o r y  due t o   t h e   f a c t   t h a t   t h e   e q u l p m e n t   n e e d e d   t o   b e  
monitored,   and  of tent lmes a spec la l   weather   I tem  would  come 
i n   j u s t   p r i o r   t o   b r o a d c a s t   t l m e   w h l c h   s h o u l d   h a v e   b e e n  i n -  
s e r t e d   i n t o   t h e   b r o a d c a s t   t a p e   b u t   c o u l d  not be  because o f  
t h e  time e lement .   Another   fac tor  was t h a t  t h e   r e c o r d i n g  
was done i n   t h e   n o r m a l   o p e r a t i n g  room and  the  background 
noise   caused   by   conversa t lon   and   te le type   machines  was 
q u l t e   h i g h  

Durmg  ca lendar   year  1958, a t  t h e   r e q u e s t  of TLX, a 
number of   equipments   der lved  f rom  the Mohawk message re- 
p e a t e r   w e r e   i n s t a l l e d  l n  t h e  A l r  T r a f f i c  Communicatlons 

u n i t s   w e r e   a v a i l a b l e  and  were  used f o r  a cont inuous  broad-  
S t a t i o n  (ATCS) by C A A  Thlrd  Regional   personnel  so  t h a t  1 2  

c a s t   o f   s e l e c t e d   w e a t h e r   m f o r m a t l o n .  T h l s  device  broad- 
c a s t s  o v e r  t h e   l o w - f r e q u e n c y   r a d l o   r a n g e   a t   I n d l a n a p o l i s .  
Normally,   the  weather a t  n l n e   s t a t i o n s  was b roadcas t ,  plus 
the   Ind ianapo l l s   w lnds   a lo f t   and  a s h o r t   w e a t h e r  summary. 

was an l n s t a l l a t l o n   i n   t h e   e q u i p m e n t  room o f   t he  ARTC 
C e n t e r   I n   t h l s   c a s e ,  a closed-loop t a p e  was made whlch 
b r o a d c a s t   t h e  same message  each  tlme the  equipment was 
a c t l v a t e d  by pushlng a b u t t o n  at  t h e  c o n t r o l   s e c t o r   i n   t h e  

Ano the r   app l l ca t ion  of t h e  Mohawk message   repea ter  
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C e n t e r   o p e r a t m g   q u a r t e r s   I n  t h l s  experiment,  which 
las ted   approxlmate ly   one   year ,  a s lng le   message  was broad- 
cas t   each   t lme   t he   bu t ton  was pressed  and  informed  the p i -  
l o t  t ha t  t he  c o n t r o l l e r  was busy  and t o  p l e a s e   s t a n d  by on 
tha t   f r equency .  A survey   of   usage   ind ica ted  t h a t  t h l s  

t h e  end  of t h i s  t es t  pe r lod ,  ~t was concluded tha t  the   de-  
equlpment was used  an  average of s i x  t imes  each  day A t  

v l c e  d l d  no t   r educe   t he  number of p e r s o n n e l   r e q u i r e d   I n  a 
f a c i l i t y  I ts  main b e n e f i t  was d e r l v e d   f r o m   t h e   f a c t  t h a t  
t h e   p i l o t  was answered when h e   c a l l e d  w i t h  a stand-by 
message  whlch t o l d  him t h a t  h i s  equipment was worklng 

MICRDWAVE LINKS 

The Alr Navigation  Development  Board  sponsored  the 
i n s t a l l a t i o n   o f  a mlcrowave l i nk   be tween   t he  Air Defense 
Command radar a t  Rockvi l le ,   Ind . ,   and   the   Technica l  

manufactured by Motorola   and  the  system was e q u l v a l e n t   t o  
Development  Center a t  I n d i a n a p o l l s  The equipment  used was 

t h e  Motorola MRR-3. TDC l e a s e d   t h e   u s e  o f  t h i s  microwave 
l i n k  for approxlmately two yea r s   f rom  the   Ind lana   Be l l  
Telephone  Co.,  whlch was r e s p o n s l b l e  f o r  the  malntenance of 
t h e  equlpment. An e v a l u a t i o n  of th i s  wide-band radar r e -  
moting  system was w r i t t e n   b y  TDC a t  the   end   o f   t he   con t r ac t  
p e r i o d .  

The conclus lons   reached  a t  the  end  of  the e v a l u a t l o n  
pe r iod   were   t ha t   t he   mic rowave   l i nk  has s a t l s f a c t o r y  f re -  
quency   r e sponse ,   ampl l tude ,   l l nea r l ty ,   r e so lu t ion ,   and  
c r o s s t a l k   c h a r a c t e r i s t l c s  It was found t h a t  t h e  2.5-Mc 
beacon  channel was s a t l s f a c t o r y  f o r  t r ansmiss ion  of Mark 10 
beacon  decoders.  It was f o u n d   t h a t   s p e c i a l   t e s t   e q u l p m e n t  

of t h l s  e v a l u a t l o n  are c o n t a m e d   i n   a n o t h e r   T e c h n i c a l  
i s  r equ i r ed   t o   p rov ide   accep tab le   pe r fo rmance .  The d e t a i l s  

Development R e p 0 r t . ~ 5  

performance was s t a r t e d   l n  1957 when a l l n k  was b u i l t  be-  
tween West Enon, Ohio, and  Indlanapol is ,   Ind  Motorola  
MRR-6 equipment was u s e d   a n d   I n s t a l l e d  by  Motorola  person- 
nel. The MRR-6 link was approximately 127 ml les   long  w i t h  
t h r e e   r e l a y   s t a t i o n s .  T h i s  was a two-way,  wide-band 
microwave l i n k ,  w i t h  f ive   channels   f rom West Enon t o  

Enon. The MRR-6 equ ipmen t   ope ra t ed   i n   t he  Government  band 
Indianapol l s   and  one   channel   f rom  Indianapol i s   to  West 

of 7,125 t o  8,000 Me. Channel  spacings  were 160 Me w l t h  
each  channel  having a video  bandwldth of 6 Mc. Although 
this  microwave was no t   i n   ope ra t ion   ove r   any   p ro longed  

A fu r the r   s tudy   o f   mic rowave   cha rac t e r l s t i c s   and  
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per lod   of   tune ,  a number  of eng lneenng   s tud le s   were  made 

n o i s e   s t u d l e s   i n d l c a t e d  t h a t  t h e   l o s s   o f   r a d a r   r a n g e  was 
of  tlle  equlpment  and o f  t h e   c h a r a c t e r l s t i c s .   S l g n a l - t o -  

negligible Thls  equipment was s h i p p e d   t o  NAFEC f o r  
f u r t h e r  use 

SOUND-SUPPRESSION  TESTS I N  THE INDIANAPOLIS  ATCS 

s u p p r e s s l o n   l n  t h e  Alr T r a f f l c  Communicatlons S t a t l o n  a t  
AOEC personnel  conducted an   eva lua t lon   of  n o l s e  

I n d i a n a p o l i s   d u r l n g  the months  from November 1958 t o  
February 1959 T h l s   t e s t  was brought  about  by a suggestion 
t o   e l l m l n a t e   l n t e r f e r e n c e   b e t w e e n  two b r o a d c a s t   p o s i t l o n s  

by  taklng  measurements of t h e  sound   l eve l  a t  one   b roadcas t  
by t h e   I n s t a l l a t i o n  of a wal l  o r  c u r t a l n  The s tudy  began 

pos l t i on   wh lch   wou ld   i nd lca t e   t he  amount o f  I n t e r f e r e n c e  
comlng from t he   adJacen t   pos i t l on   Th i s ,   o f   cou r se ,   ac tu -  
a l l y  was t h e  amblent  noise  measured a t  one   b roadcas t  po- 
s l t l o n  A s tudy  of the s o u n d   s o u r c e s   m d i c a t e d   t h a t   l a r g e  
l2- lnch  loud-speakers ,   mounted  on  the wall back of each 
b roadcas t   pos l t l on ,   caused  some l n t e r f e r e n c e   T a l k i n g  a t  
loca t lons   a round  or n e a r   e l t h e r  o f  t h e   b r o a d c a s t   p o s l t i o n s  
added to the   amblent   no ise  

O r i g l n a l l y ,  It was suggested t h a t  a cu r t a ln ,   d rape ry ,  
or wall b e   c o n s l d e r e d   i n   t h e   s t u d y  o f  n o l s e   r e d u c t l o n  
However, based   on   no l se - l eve l   s tud le s  p r e v i o u s l y  made, i t  
was s u g g e s t e d   t h a t   I n   t h i s  particular a p p l l c a t l o n ,   d u e   t o  

would  not be  s a t i s f a c t o r y .   T h e r e f o r e ,   c u r t a i n s   w e r e   n o t  
t h e   s h o r t   d l s t a n c e   b e t w e e n   p o s l t l o n s ,  a c u r t a l n  o r  drapery  

t e s t ed ,   and  a wall was c o n s i d e r e d   t h e   m o s t   l o g i c a l   s o l u t i o n .  

Inc luded   passageway  for   personnel  from o n e   p o s l t l o n  t o  t h e  
A wal l  or p a r t l t l O n  ,sosed severa l   p roblems.   These  

o ther   as   wel l   as   access   by   superv lsors   and   maln tenance   per -  
sonne l ,   t he  interchange o f  Information  on  paper   such as 
weather  sequences,   where  only one copy was a v a i l a b l e  for 
b o t h   o p e r a t o r s ,   a n d   i n  some cases ,  verbal  coord lna t lon  

a partition, r e p l a c e   t h e   l a r g e   1 2 - l n c h   l o u d - s p e a k e r s  w i t h  
small 6 - inch   speake r s   c lo se   t o   t he   ope ra to r ,   and   change  
t h e   p o s i t i o n  o f  t hese   speake r s  s o  t h a t   t h e r e  was l e s s  
i n t e r f e r e n c e   c a u s e d  by d l r e c t l o n a l   c h a r a c t e r l s t i c s  

The c o r r e c t l v e   a c t l o n   t a k e n  by TDC was t o   c o n s t r u c t  

The o r l g i n a l  room containing t h e  two broadcas t  
p o s i t i o n s  was 1 2  1/2 f e e t   l o n g ,  11 fee t   wide ,   and  8 f e e t  

b e e n   t r e a t e d   w l t h   a c o u s t l c a l   t l l e  One wall conta lned  two 
h igh .  Two of t h e  walls a n d   t h e   c e l l l n g  o f  t h L s  room had 

I 
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room and t h e   t e l e t y p e w r l t e r  room A t  t h e   r e a r   o f   t h e  room, 
doorways w l t h  a g l a s s   p a r t i t l o n   b e t w e e n  th i s  p a r t i c u l a r  

b e h l n d   t h e   o p e r a t o r s ,   t h e r e  was a l a r g e  wlndow approximately 

b r o a d c a s t   p o s i t l o n s   f r o m   t h e   o f f i c e   s p a c e  
'4 f ee t   squa re   wh lch   s epa ra t ed   t he   ope ra t ions  room or 

The wall or p a r t i t l o n ,   w h l c h  was cons t ruc ted   be tween 
t h e  two b r o a d c a s t   p o s l t l o n s ,  was constructed  of  two-by-four 
s t u d s  w l t l i  plywood a p p l i e d  t o  bo th   s ldes   and   bo th   s ides  
covered w l t h  a c o u s t i c a l   t l l e .   I n  t h l s  p a r t i t l o n  was a 30- 

c h i e f  communLcator, no door or covering was made f o r  t h l s  
Inch-wlde  by  7-foot-hlgh  doorway. A t  t h e   r e q u e s t  o f  t h e  

operpng A p a s s - t h r o u g h   s l o t  or opening 12 inches  wide  by 

of t h e  two o p e r a t o r s   T h l s   p a s s - t h r o u g h   s l o t  was covered 
11 inckies  high  also was made i n  t h e   p a r t l t l o n   w i t h i n   r e a c h  

w i t h  a p-Lece o f  P lex ig las   which   could   be  moved t o   t h e   s l d e  
to   per rn l t   pass - through  F lgure  23 illustrates t h e   p a r t i t i o n  

measurements  were made a t  a b r o a d c a s t   p o s l t l o n   a f t e r   t h e  
In   p l ace   a s   v i ewed   f rom  the   r ea r  of t h e  room. Sound-level 

p a r t i t i o n  or a t t enua tmg   s t ruc tu re   had   been   comple t ed .  

The l a r g e   1 2 - m c h  speakers,   whlch  can  be  seen on t h e  
wall sn F l g .  23, s t i l l  c a u s e d   I n t e r f e r e n c e   a f t e r  the  p a r -  
t l t i o n  was completed.  The next s t e p   t a k e n  was t o   r e p l a c e  

boxes   and   p laced   c lose   to  t h e  o p e r a t o r  a t  e a c h   p o s i t i o n  
t h e s e   s p e a k e r s  w i t h  6 - inch   speake r s   moun ted   i n  small wooden 

T h i s  permitted t h e   o p e r a t o r   t o  work wl th  l e s s  volume  from 
the   speake r .  

Fol lowmg  the   above   changes ,   there   appeared   to   be  some 
i n t e r f e r e n c e   r e f l e c t e d   b y  the l a r g e  wlndow a t  t h e   r e a r  of 
t h e  two b r o a d c a s t   p o s l t l o n s .  The sound  from  one  booth 
seemed t o  be  r e f l e c t e d   I n t o   t h e   o t h e r   b o o t h   b y  this  p a t h .  
To a t t e n u a t e   t h i s   n o i s e ,  a d r a p e r y   m a t e r i a l  was p laced   ove r  
t h i s  wlndow on   t he   b roadcas t -boo th   s lde   o f  the  g l a s s  

The accurate  measurement and i n t e r p r e t a t i o n   o f  complex 
n o i s e   p a t t e r n s   a n d   t h e l r   a n n o y a n c e   f a c t o r  i s  d i f f i c u l t  t o  
achieve .  One a s sumpt ion   t ha t  Is f r equen t ly   u sed  i s  loudness ,  
and some r easonab ly   s a t l s f ac to ry   measu res  o f  loudness  have 
been  developed  These  can  be  measured  by  standardized  types 
of t e s t  equlpment,  such as the  General   Radio  sound  level  
meter,  Type 1551-B, used i n  these  measurements The oper-  
a t i o n a l   d e t a s l s  of thLs ins t rument  are c o n t a m e d  i n  
Manufacturer ' s  Handbook No. 27,  "Handbook of Noise 
Measurement,"  by A.P E.  Peterson  and L. L. Beranck,  General 
Radlo Co., Form O l l - A ,  Apr i l  1953. 

42 



the  center of the operatmg desk  and  with  the  plckup micro- 
phone  about 9 lnches  from  the r l g h t  ear of the  operator 
The  data  shown  in the following tabulatlon  are  the  average 
results of a  number of observations 

The  measurements  were  taken  with  the  sound  meter near 

TABLE I 

MEASUREMENT OF NOISE  PATTERNS 

Meter  Swltch  Posltlons 

Condltlon o f  Treatment 

Before Treatment 
With  Partltlon  Only 
Partition  and  Small 

Partition,  Window  Draped, 
6 -Inch  Speakers 

and  Small  Speakers 

73 77 a4 
65  70 75 
60 65 76 

58 - 64 75 
Reduction of Interference 15 13 9 

reductlon In sound pressure levels for all modiflcations 
From the above table, lt can be seen that  the  total 

is approxlmately 9 db. Insofar  as  the  ear 1s concerned, 
the sound level  was reduced effectlvely  between 13 and 15 
db, depending upon the  loudness  level ( j+O db or 70 db) 
being  considered. 

structures,  use  of  draperles,  and  careful  attentLon to 
It 1 s  concluded  that  the  constructlon  of  attenuating 

speaker  locatLon  can be very effective In reducing Inter- 

broadcastlng  posltlons R more  detalled  study than thls 
fering  sounds  and  the over-all amblent  sound  level  at  the 

one can be even more  rewardlng,  but  each  must be patterned 
for the particular locatlon  involved,  slnce Very few 
locations  resemble each  other.  Any partltloning of oper- 
ating  posltlons  has  to  conslder  coordinatlon  requirements 
and  the  problems  of  coollng,  heatlng,  and  ventilatlon. 

TRANSISTORIZED REGULATED OUTPUT  AMPLIFIERS 

Another task undertaken to modernlze  communication 
facillties  was  the  development of ampllflers contamme; 
the  latest  components. In 1958, the Centronix  Manufacturing 
Co., under contract  with  TDC,  constructed 20 translstorized 
audio amplifier assemblies  (flve  channels per  assembly)  and 
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r e l a t e d  ower supp l i e s   F lgu re  24 shows t h e   s t a n d a r d  
CA-1503/?529 a m p l i f i e r  on t h e  right, w l t h  f i v e  of   the new 
ATR-1 ampl l f i e r s   moun ted   In   one   pane l   on   t he   l e f t ,  

The Centronix ATR-1 r e g u l a t e d   o u t p u t  amplifier 
p rov lded   h igh   gam w l t h  au tomat lc   regula t lon   and   maln ta ined  

When opera ted   be tween  the  llmlts of 300 t o  4,000 c y c l e s ,  
a cons t an t   ou tpu t   l eve l   ove r  a wtde  band of i n p u t   l e v e l s .  

monic d l s t o r t l o n  The a m p l l f i e r   o p e r a t e s  on  approxlmately 
ampl l fLca t ion  was l i n e a r   w l t h  l e s s  than  4 per   cen t   o f   ha r -  

0 25  ampere A Centronlx Model  PS-5% dual  power  supply 
c o n s l s t s  of two power  supplles  and an a u t o m a t i c   t r a n s f e r  
system.  Output 1 s  f l l t e r e d  and   r egu la t ed  at  13.0 v o l t s ,  
0.5 ampere. 

The amplifiers a r e   b e l n g   e v a l u a t e d   I n   t h e   I n d l a n a p o l i s  
ARTC Center   on   an   in -serv lce   bas l s .  

Controller-Computer  Updating  Equlpment:  Early i n  
February 1959, TDC made a s h o r t   e v a l u a t i o n   o f  a c o n t r o l l e r -  

Corp as a prototype  Figure  25  shows the  d l s p l a y   w l t h  13 
computer   updat lng  equipment   fabr lcated  by  the  Control  Data 

windows for r ead lng   v l sua l ly   t he   cha rac t e r s   wh ich   wou ld   be  
l n s e r t e d   i n t o   t h e   c o m p u t e r  The same display  would  produce 
a r e a d a b l e   l m e   o f   l o g l c a l   d a t a  from t h e  computer. Also 
shown IS t h e  Key-Pack w i t h  19 key  switches  whlch  permit ted 
c o n t r o l   p e r s o n n e l   t o  compose messages f o r  l n s e r t l o n   i n t o   t h e  
computer. The s tepping  swltches  and  re lays   were  contained 
l n  a meta l   cab ine t  shown l n  F lg  26 

Two sets  of  prototype  equlpment  were  used i n  t h e   t e s t s  
These  equlpments   were  mounted  In   two  dlfferent   configura-  

and Key-Pack  mounted  on an  A - 3  f l l g h t   p r o g r e s s   b o a r d .  In  
t i o n s  for comparlson  Figure 26 shows  one  of t h e   d i s p l a y s  

th i s  case,  the  d i s p l a y  was mounted  low, t h a t  15, i n   t h e  

movable t o  a n y   l o c a t i o n   o n   t h e   s h e l f   a r e a .  The o t h e r  dls-  
communlcations  panel  area,  w l t h  t h e  Key-Pack po r t ab le   and  

p l a y  was mounted h igh;  t h a t  IS, a b o v e   t h e   f l i g h t   s t r i p  
h o l d e r   b a y s   i n  a p ro to type  A-5 f l i g h t   p r o g r e s s   b o a r d   I n  
t h i s   s e c o n d   I n s t a l l a t L o n ,   t h e  Key-Pack was r e c e s s e d   i n t o  

were  modifled  from 19 k e y s   t o  1 4  keys  by  masking some of 
t h e  shelf a r e a .  Durlng some of the  t e s t s ,   t h e  Key-Packs 

the   keys  w i t h  t a p e .  The c h a r a c t e r s   f r o m   t h e   f l v e  masked 
keys  were  reasslgned.  

The t e s t s   c o n s i s t e d  o f  making  measurements  of  the  tlme 
r e q u i r e d  for Lnse r t ing  a f l x e d  number o f   d l f f e r e n t   f o r m a t  
messages   i n to   t he   equ lpmen t .   In   add i t lon ,   t he   accu racy  of 
composition was recorded  by malclng a count of e r r o r s  
d e t e c t e d  by t h e   o p e r a t o r   a n d   t h o s e   e r r o r s   t h a t  were e n t e r e d  
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into  the  computer  Three  controllers from  the Indianapolis 
ARTC Center  were  the  subjects  used ln all  tests . 
information  somewhat faster with the  dlsplay in the  low 

The  results  indicated  that  controllers  could  enter 

positlon wlth a  comparable  number of detected  errors 
errors  detected by  the  controller). Undetected  errors 

higher  with  the  display In the  low  position  The  test  mon- 
errors not detected  by the controller)  were  somewhat 

ltor  felt  that  this  increase in undetected  errors  was 
caused  by  overconfldence on the part of the  controllers 
since  the  display  was  easier to read In the  low  position. 
Although  the  controllers  were glven time  and  practice in 
the  use of both the 19 and 14 key configurations, control- 
lers  entered  lnformation faster and more  accurately  with 
the 19 Key-Pack than  they  did  with  the 14 Key-Pack. 

I 

One  test  consisted of measuring  the  time  and  accuracy 
when  flight  data  were  Inserted on the Key-Pack and later 
transcrlbed  onto  a  flight  progress strlp. Conversely,  the 
data were written on the  flight  progress  strip  and  then 

formation was  handled 1 6 per cent faster with 24.1 per 
inserted in  the  computer. The  results  indicated  that in- 

cent  greater  detection of errors  when  writing  the  data on 
the flight  progress  strlp fust, then  inserting  it  into 
the  computer.  However,  undetected  errors  increased 

admlnistering  the  tests  indlcated  that 
The consensus  of the controllers  and  AOEC  personnel 

the Key-Pack 
1. The  display  should be in a  low  position  close  to 

desirable 
2 A single-character  erase  feature  would  be 

of 14 characters  to  be mserted in 4 seconds or less. 
3 The  speed of the equipment  should  permit  a  message 

4. The Key-Pack should be movable  instead of fixed. 

As a  result  of  these  tests,  the  following  specification 
requirements  are  recommended: 

1. The  Key-Pack  should  conform  to the pattern shown 
in Fig. 27, that  is, 17 keys 

2. The  Key-Pack  should be portable. 
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per second 
3 .  The equipment  should  accept a t  least  4 c h a r a c t e r s  

i f  no addi t ional   keys  were  needed.  
4 .  The l as t  c h a r a c t e r   e r a s e  should  be inco rpora t ed  

5 The d i sp lay   shou ld   con ta ln  1 4  v i s i b l e   c h a r a c t e r  
i n d i c a t o r s .  
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PANORAMIC DISPLAY IN AIR TRAFFIC CONTROL 

Task No 59-730 FIG 1 



FLIGHT MARKERS  WITH PAPER INSERTS AND STRIP MARKING 

Task No 59-730 FIG 2 



ATC DISPLAYS AND COMMUNICATION  CONSOLES 

Task No 59 -730 FIG 3 



TIME SHARING  RADAR DISPLAY ON SPA-8 INDICATOR 

NOTES 
UNSYNCHRONIZED CP6-6B RADAR  (ON LEFT) 
UNSYNCHRONIZED ASR-2  RADAR (ON RIGHT) 

Task No 59-730 FIG 4 



RADAR  PROJECTION  HEADS 

NOTES 
GENERAL  PRECISION  LABORATORIES  (POINT TO LEFT) 
FARNSWORTH IATRON  (POINT TO RIGHT) 

Task No 59-730 FIG 5 



IATRON RADAR PROJECTION DISPLAY 

NOTES 
INDIANAPOLIS  UPPER  RIGHT LAFAYETTE UPPER LEFT 

Task No 5 9 - 7 3 0  FIG 6 





KELVIN AND  HUGHES  DISPLAY ON PANORAMIC  BOARD 

NOTES 
PICTURE DISPLAYED FROM POSITIVE FILM 
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OPERATING EQUIPMENT, ARTC DECENTRALIZED SECTCR, RCCKVILLE, INDIANA 

1 
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TIME-SHARING RADAR DISPLAY ON UPA-35 INDICATOR 

NOTES 
ARSR-I AND ASR-2 RADAR INFORMATION  DISPLAYED 

* -  A MARKER BLIP  GENERATED BY A LIGHT GUN OPERATED  AT A  REMOTE ASR-2 
RADAR INDICATOR FOR HANDING  OFF A TARGET FROM AN ASR-2 RADAR TO AN 
ARSR-1 RADAR 

Task No 59-730 FIG IO 



IA-l FLIGHT PROGRESS  BOARD INDIANAPOLIS ARTCC 

Task No 59-730 FIG 11 



PROTOTYPE FLIGHT PROGRESS  BOARD 

BUILT AT TECHNICAL  DEVELOPMENT  CENTER AND USE0  IN  THE INDIANAPOLIS 
ARTC  CENTER 
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BELL LABORATORY (DREYFUS DESIGNED) FLIGHT PROGRESS  BOARD 

NOTE 
BOARD SHOWN BEFORE  COMMUNICATIONS WERE ADDED 
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A-3 AND MODIFIED A-3 FLIGHT PROGRESS  BOARDS 

Task No 59-730 FIG 14 



SCAN-CONVERTED RADAR DISPLAYS IN-LINE WITH A-3 BOARDS 

NOTES 
21 INCH  VERTICAL TV MONITOR (CENTER) 

22 INCH  FLAT FACE TV MONITOR (DISTANT LEFT) 

T05k No 59-730 FIG 15 



'ISLAND-TYPE' ATC  DISPLAY 

NOTES 

DISPLAYS  AT  EACH END 
'ISLAND' ARRANGEMENT FROM  WASHINGTON SKETCH 24 WITH 22 INCH FLAT FACE  TV 
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HIGH ALTITUDE CONTROL SECTOR-INDIANAPOLIS 
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AUTOMATIC FLIGHT PROGRESS STRIP  LOADER 

NOTES 
PAPER FEED SHOWN 
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PLASTIC  FLIGHT MARKERS ON RADAR DISPLAY 

NOTES 
LETTERED WITH CHINA MARKING PENCILS 
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TRAFFIC VOLUME CHART INDIANAPOLIS AREA 

IFR  TRAFFIC VOLUME BETWEEN TERMINALS AUGUST 6, 1956 (24,000 FEET AND  BELOW) 

TRAFFIC FLOW DURING ONE 24 HOUR PERIOD 

SOLID LINES  INDICATE OVER TRAFFIC 

BROKEN LINES  INDICATE  FLIGHTS LANDING IN THE AREA 

~ 
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INTERPHONE PATCHING PANEL 

NOTES: 
LEFT PANEL - LINE  TERMINATION  PATCH  PANEL. 

Task No. 53 -730 FIG. 21 



AIR/GROUND PATCHING PANEL 

NOTES. 
READING  TOP TO BOTTOM-TOP PORTION-SPARES SECOND PART-TRANSMITTING 
PATCH  PANEL 

PATCH  PANEL 
THIRD  PART-RECEIVING  PATCH  PANEL  FOURTH  PART-  TAPE RECORDERS 

Task NO 59-730 FIG 22 



BROADCAST  BOOTHS AFTER ACOUSTICAL TREATMENT INDIANAPOLIS ATCS 

. 

Task No 59-730 FIG 23 



REGULATED OUTPUT  AMPLIFIERS 

NOTES 
TYPE CA-1503/1529 SHOWN  ON THE RIGHT PACKAGE CONTAINING FIVE MODERNIZED 
AMPLIFIERS  ATR-I WUTG DUAL POWER SUPPLY DIRECTLY BELOW, ON THE LEFT 

Task No 59-730 FIG 24 



PROTOTYPE CONTROLLERS INPUT DEVICE TO  COMPUTERS 

NOTES 
DISPLAY UNIT AND  KEY PACK SHOWING THE  THIRTEEN ALPHA-NUMERIC  CHARACTER 
WINDOWS AND THE  NINETEEN CODED BUTTONS 

Task No 59-730 FIG 25 



TWO CONFIGURATIONS OF CONTROLLER UPDATING EQUIPMENTS 

NOTES 
CONTROLLER-COMPUTER UPDATING  EQUIPMENTS MOUNTED IN THE TWO CONFIGURATIONS 
TESTED  THE  CABINET ON THE RIGHT  CONTAINS STEPPING SWITCHES  AND RELAYS 

Task No 59-730 FIG 26 
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PROPOSED  KEYPACK CONFIGURATION 

Task No 59-730 FIG 27 
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