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APPLICABILITY OF MAGNETIC-DRUM INFORMATION STORAGE 

TO THE CAA TELETYPEWRITER CIRCUITS 

SUMMARY 

This report 1s the result of a study made at the Technxal Ueveloprr,ent and Evaluatmn 
Center to determme whether a magnetx-drum mformatmn-storage system could improve the 
exlstmg CAA teletypewriter service 

It was found that a large percentage of CAA teletypewriter-message traffic consists of 
weather observatmns and forecasts It was concluded that a better and more Bfflclent se=v=c? 
could be rendered by a system which combxned magnetic-drum storage of some weather 
messages with a sutable, fully automatx, teletypewvrlter system. Savings I” the amount of 
traffic handled by val=,o,,s cxrcults can be achieved by enablmg statIons to request from the 
magnetic-drum storage those weather observations and forecasts that are needed Infrequently 
This would substantially reduce the “umber of statmns requrmg routine transmlssmns of a 
given weather mess.xge 

The new system would be economical only for a heavy volume of traffic such as that now 
carried by CAA cxrcuts Furthermore, ,t can mxt,ally be xnplemented I” a small area and 
can readily be mterconnectea with exutlng CAA clrcuts on the perimeter of that area 

Admmlstratlve and trafflciontrol messages such as those now handled on Servxe B 
could be effxlently transmItted over the same cxrcults The suggested system 1s compatible 
with that being developed under the sponsorshIp of the Au Navlo?tlon Development Board for 
trans"utt1ng au-traffx-control messages 

INTRODUCTION 

The Clvll Aeronautrcs Admlnxtratmn mamtalns and operates ertenslve teletypewriter 
and telephone networks to gather, dlstrlbute. and transmit a mass of ,“formatmn that IS 
essentml to the safety and the effuency of modern avlatm” 

This lnformatm” conszts almost entirely of sho=t messages havmg a” average length Of 
less than 35 words Some of the messages are gathered from many different geographIca 
points and are assembled far use by the arrcraft p&t and h,s associates urho are concerned 
mlth planmng the fhght of alrcraft Weather reports, forecasts. advlsorles, and “otlces to a,=- 
me” are I” this category The rema,“der of the messages are concerned with the fl,ght plans of 
aIrcraft. predlcted and actual progress of aIrcraft, estxnated tunes of arr,val. and other Infor- 
matlon of a smxllar nature Because of the speed of modern aircraft ,t 1s essential that th,s 
lnformatlan be transmitted and processed rapldly and that It be quxkly accessible on demand 

Weather, for example, changes rapldly. and avaIlable techmques and equpment a=e not 
sufflclent to predxt weather accurately and precisely for long permds I” advance For thzs 
=easo”, when the p&t plans the fhght of his aIrcraft he reqlures current weather mformatmn 
from distant poznts It 1s desirable that lnformatm” pertalnlng to alrcraft I” flight be 
transmitted ahead and processed rapldly enough so that traffx-control declsmns can be made 
well I” advance of the arrival of the axrcraft at thelr destmatmns 

At the present tune. trafhcdontrol mformatlo” for instrument flights has bee” trans- 
mztted prmclpally over the long-distance-telephone network known as CAA Servxe F 
Weather mformatmn, “atlces to airmen, and other lnformatm” have been transmItted prlnclpally 
o”e= 60-words-per-mmute (wpm) teletypewriter clrcluta known as CAA Services A, B, C, and 
0 Al the present time the A system camprxses 1703 drops dlstrlbuted over 12 cxcuts and 1s 
used prmclpally far axways weather reports. special weather reports. and notxes to alrme” 
The B system se=ves only CAA facxlltles at 400 locatmns dzstrlbuted over approxzmately 25 
Clrcults and 1s used to transmit lmpartant but less urgent fhght-plan lnformatzo” such as VFR 
flrght plans and flvght-plan approval requests for the mass movement of mllltary arrcraft 
The C system se=ves 384 drops dlstrlbuted over s,x cucuzts and 1s used to handle 3- and 
6-hourly weather data, forecasts, and weather advlsorxes The 0 system se=ves 87 drops and 
1s used for overseas weather mformatlo” needed I” the prepara~on of maps and forecasts 1” 
connectlo=. with ove=se~s flights 

In the begmnlng these facllltles were modest I” scope. but as the “umber of axcraft 
Increased, new cxrcluts, stations, and equpment were added to handle the lncreasxng 
quantltles of mformatm” reqrured for the safer opera&” of the growing number of alrcraft 
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Fig. 1 Hypothetxal-Cost Curves for Nonautomatx and Automatic Equpment 

This process of expandmg eustmg cammurucation facibttles has provided an effrcrent service 
for many years. However. as the number of arcraft flights per peak hour increases, a pant 
~111 be reached where srnple expansron of exlstlng types of facllltles ~~11 not safely handle 
the traffic Smce It appears that this pomt will be reached u, some high-density areas x, the 
foreseeable future, the time 1s at hand to develop and to evaluate new and radically different 
communlcatmn devices. 

Although the frrst cost of the new devices may be high. the total cost per message should 
be much less than It would be If the present system were used to handle the heavy traffic In 
many mdustrles, experience has shown that automatic machmes capable of mass productron 
usually have a much higher fust cost than those used with manual methods at lower productmn 
rates. However, operatmg costs per u-at of productrm, are usually much lower with automatx 
machmes Curves of total cost versus productmn are often smular to those of Fig 1, m which 
automatic machmes are represented as bang very costly for low productmn rates but very 
econonucal for high productmn rates Before the eqmpment suggested in the report 1s 
accepted, tests should show that It can handle at low cost a substantially greater volume of 
traffic than the present system. 

One of the pro,ects sponsored by the Au Navlgatmn Development Board at thrs Center 
has as Its objective the development of a teletypewrlter system for transrmttmg traffx-zontrol 
lnformatmn This system consists mmtlally of magnetic-drum flzght-plan storage equpment, 
an automatic teletypewrlter swrtchmg system, and electromecha,ucal displays of tabular 
mfarmation. The detazls of the development and evaluatmn of this equpment for air traffx 
control ~111 be described m subsequent reports. 

The contract for the magnetic-drum fhght-plan storage equipment was authormed m 
June 1951, and the equpment v,as developed and constructed by the Engmeermg Research 
Associates Dlvlsmn of Remmgton Rand, Inc .at St. Paul, Mmnnesata. Several months after the 
start of tbls contract, the Offlce of Federal Axways suggested that this type of equpmen: 
could also be used to prowde a more effxient ureather-commwcatmn serwce. Smce It 
appeared that a new weather-co-umcatmn system utikzing the magnetic-drum storage could 
be Introduced without reqruring any slgruficant change in the message texts or xn therr manner 
of use, the study of such an appl,catmn was undertaken at the Techrucal Development and 
Evaluation Center. This report 1s a result of that study pro,ect. 

Durmg the course of the study, the Ideal characterfstxs desired were mnvestigated. 
Information was obtamed from Mr. I. D. Boyle of the U. S Weather Bureau and also from 
numerous CAA personnel m the regions and I,, Washington. It was found that weather reports, 
forecasts, analyses, and other such mformatmn are a uque type of message for the followmg 
IeQSOnS 

1 They determrate in value qute rapldly. 
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2 They requre wide and varied dlstrlbutlon 
3 The orlgmator 1s not famlllar with the dlstrlbutlon requred 
4 The variety and number of messages requred differs between different offices, even 

5 
between offices in the sanie city 
1 he variety and frequency of messages reqlured change from one weather sltuatron to 
another 

6 Although the munmum routme reqrurements at a statlon may be qlute lmuted, a large 
reserve of data must be avallable far occasional use 

7 Each office or statmn would prefer that Its teletypewr,ter machmes pr,nt only those 
messages that It needs 

The study disclosed that If the present CAA teletypewrlter system were replaced by a 
fully automatic teletypewrlter system ana by a few magnetic-drum storage devices for tele- 
typewrlter messages, then any station could obtain infrequently needed weather observations, 
forecasts, and so forth La; sending a brief request message to the nearest magnetic-drum 
device and could receive a prompt reply. lwore frequently needed observatrons, forecasts, 
and so forth could be sent to each station on a routme program basis each tune such a message 
was prepared However, the provision for request service from magnetic-drum storage would 
substantially reduce the number of routme transrmsslons to any one statlon over the number 
requred m the present system. With this type of system weather observations, forecasts, 
and so forth could be orlgmated more frequently under stormy-weather condltmns and less 
frequently when the weather 1s settled and changmg slowly. Each weather observation should 
carry the time at which It was made, and each forecast should carry the time for whxh It 
should be v&d Some individuals m the U S Weather Bureau have expressed personal 
opmmns that. If such a commumcatlons system were available, the present program of takmg 
operatmnal weather observatmns and of malung operatlonal forecasts at scheduled tunes 
might be modified to a plan of takmg the observations and makmg the forecasts to slut the 
changes m the weather sltuatlon Such a program would give the greatest assrstance to 
avlatlon when such assrstance would be needed most 

Routme or programmed dlstrlbutlon of any message could be accomplxhed by requrmg 
the orlgmatmg statmn to send the message to a central po,nt The multiple addresses for 
each such message would be stored at the central pomt and would be prefixed to the message 
xnmedlately upon Its arrival The message wvlth its multiple-address prefu would then be 
sent to a switchmg center of the fully automatic teletypewriter swltchmg system for prompt 
dlstrlbution 

Before descrlbmg the proposed system m d&all, automatic equpment that 1s either m 
existence or under constructloo ~111 be described These mclude the magnetic-drum tele- 
typewrIter message storage equpment and the Western Electrrc BlDl automatic teletypewriter 
swltchmg system now bemg Installed at the Technxal Development and Evaluatmn Center 
A brief descrlptmn of the SECQ, MEDIS, and ASID devices used by CAA 1s also Included 

MAGNETIC-DRUM FLIGHT-PLAN STORAGE EQUIPMENT 

Although the characterlstlcs of the flight-plan storage equipment ~111 be used to 
rllustrate thx report, it 1s desired to pomt out that an equipment speclhcally designed to 
store weather mformatmn might differ m capacity, maxunum lengths of messages. methods 

.of processmg messages, speed, number, and kmd of teletypewrlter Input and output clrcluts. 
The present magnetic drum ~111 store 2,000 teletypewrlter messages, of which 750 may 

have a length of not more than 230 characters (letters, dlglts, or weather symbols) and 1,250 
may have a length of not more than 115 characters Two thousand such messages would requre 
nearly 12 hours to pass over one 75-wpm teletypewrIter ClrcuIt. 

The fhght-plan storage eqlvpment ~111 accept messages from remote statlons via a 
fully automatic teletypewrlter swltchmg center and m one-half second ~111 prepare a reply to 
the remote statlon for transrmsslon vza the same swltchmg center The present equpment 
mcludes two Input clrcults and two output czrcuts for standard 75-wpmteletypewrlter trans- 
mission. It also mcludes an Input crrcut and an output clrcut for l.OOO-wpm operatmn 
Addltlonal Input and output c,rcuts can be added at any trme The magnetx-drum eqrupment 
1s capable of serving 50 to 100 fully loaded teletypewriter clrcuts. This 1s greatly In excess 
of any known practical reqmrements. 

Each message rntended for the magnetic-drum equpment must be preflxed by an 
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address which will enable the fully automatx teletypewriter sarltchrng center to deliver rt to 
one of the drum input clrcults. Such a prefu must be followed by the swltchmg code for the 
reply message Thus code ~111 be placed at the begmmng of the reply message that 1s 
automatlcally prepared by the magnetx-drum equpment 

To be accepted by the fhght-plan storage eqlupment, each mcommg message must also 
contam a code called the “lund” character whxh mdxates that the contents are to be stored, 
that a message already stored m the drum IS to be found and mcluded m the reply. or that a 
stored message 1s to be cancelled so that It can no longer be read out 

Garbled messages are received by the magnetrc-drum equpment and are automatrcally 
prmted out on a prmtlng-reperforator so that the operator m charge of the eqrupment can 
analyze them and take appropriate action. Such a message IS referred to as an “erroneous 
message ” 

If the mcomlng message requests storage of Its contents, the magnetx drum performs 
the storage operation m one-half second and then replles with a copy of what It has stored 
This enables the orlgmator to verify the accuracy of the stored mformatmn and gives him 
posltlve assurance that the storage fun&an has been completed 

The eighteen characters which follow the kmd character m an accepted message are 
known 8s the crlterxon They serve as the ldentiflcatmn of the stored message. A request 
from a remote teletypewrlter statlon to fmd and to read back a stored message most 
accurately specify the first three characters and the last ten characters of the desired 
crlterlon The magnetic drum compares these characters with the crlterlon of each of the 
2,000 stored messages at a speed of 114,000 characters per second. The message ~111 be 
found In less than one-half second If there 1s no such message stored, the reply ~111 contam 
an X instead of an R m the kmd-character posltmn. A reply contammg an X 1n the kmd 
character IS termed an “alarm reply I’ 

If the mcomrng message requests that a weather observatxon be stored, the magnetlc- 
drum eqrupment searches out the old weather observatzon for that locatron ldentifuzr and 
replaces It wrth the new observation. 

In the proposed au traffx control appllcatlon of this equpment. the first three ch*r*c- 
ters of the crlterlon represent the departure axport for the Illght plan. the next four 
characters represent the time of departure, and the remaudng characters represent the 
axcraft Identifxatmn. It IS suggested that for weather observations, the crxtermn consist of 
the locatmn Identrfxer of the point of observatmn, a clock tune, and the type of weather report 
as lll&strated in Table I. 

In addztzon to the features already enumerated, the eqmpment has an internal program 
device that has been given the name of “clock read-out ” A clock-drawn steppmg switch 
inaugurates a txne search of the stored messages every ten rmnutes. It fmds those flight 
plans whxh have an expected departure m the next twenty mmutea and transmits each one VI* 
the teletypewriter swvltchmg center to the approprmte departure alrports Once a stored 
message IS transmitted m tis manner It IS marked so that It will no longer be transmitted on 
a clock read-out but can still be requested via the teletypewarlter czrcruts. It 1s b&wed that 
this feature 1s useful only for certam flight plans and 1s not uselul for the stored weather 
observations. 

Techmcal details for magnetic-drum equipment m general have been explalned III 
previous artxles.1 Techmcal details concernmg the flight-plan storage eqvlpment ~111 be 
described xn subsequent reports. 

The features bult mto the flight-plan storage equpment are Included m a speclflcatlon 
prepared at thus Center.2 This speclficatmn also descrxbes many fonctmns not Included I* the 
present equpment. The size and arrangement of thxs equpment are illustrated m Figs, 2. 3, 
and 4. 

1 Arnold A Cohen, “Magnetic Drum Storage for D@al Mormatmn Processmg Systems,” 
Mathematical Tables and Other Aids to Computations, Volume IV, No. 29, pp. 31-39, 
January 1950. 

29, Speclfxatmn for a FLght Plan Data Storage and Processmg Eqmpment for Air Traffx 
Co-ordmating Eqlupment ” CAA, Technical Development and Evaluation Center, Speclhcation 
No. TD-114, February 5, 1951. 
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TABLE I 

CRITERION IDENTLFIERS FOR WEATHER MESSAGES STORED ON MAGNETIC DRUM 

Hourly and Supplementary for U S 
Hourly and Supplementary for Canada 

Termmal Forecasts for U. S 
Termmal Forecasts for Can&da 

Pzballs* for U. S 
PIballs* for Canada 

Pllot Reports for U. S 
Pllot Reports for Canada 

Radar Storm Reports for “. S. 

Severe-Weather Forecasts and Bulletrns for U. S 

Area Forecasts for U S 
Area Forecasts for Canada 

Upper-Wmd Analysrs for U. S. 

Raobs*+ for U. S. 
Raabs** for Canada 

Su-Hourly for U S. 
Su-Hourly for Canada 

Three-Hourly for ” S 
Three-Hourly for Canada 

Regmnal Forecasts for U S. 
Regmnel Forecasts for Canada 

State Forecasts for U. S. 

Fwe-Day Forecasts for U 5. 

Winter Sports, Etc.,for U S. 

River Reports for U S 

AWUS 00 
AWCN 00 

FTUS 00 
FTCN 00 

PBUS 00 
PBCN 00 

PRUS 00 
PriCN 00 

SDUS 00 

svwx 00 

FAUS 00 
FACN 00 

WAUS 00 

RSUS 00 
RSCN 00 

MTUS 00 
MTCN 00 

THUS 00 
THCN 00 

FRUS 00 
FRCN 00 

FPUS 00 

FEUS 00 

FWUS 00 

CRUS 00 

+P,lat-balloon reports 
*tRadmsonde reports 



Fig 2 General View, Fhght-Plan Storage Equpment 

CAA AUTOMATIC TELETYPEWRITER DEVICES 

Because of the fast processmg tnne of magnetx-drum teletypewriter-message storage 
systems, some form of automatic teletypewrlter swltchzng IS reqrured far the econom~al and 
efflclent use of such storage systems Furthermore, other automatx devrces can contrIbute to 
the effxlency of the system. Three autcmatrc devices now m use on the CAA clrcuts are the 
SECO. the MEDIS, and the ASID equpments 

The SEC0 equipment3 1s desIgned to work on a half-duplex czrclut whach interconnects 
a multxpllclty of transnuttmg and recexvmg statmns Each statmn 1s asszgned a drstlnctave, 
three-character, location ldentzher At a scheduled time, the statmn desxgnated as a master 
control sexees the cncut and by means of varmus codes of nonpnntmg characters and the 
locatmn Identifier Instructs each statmn to transmit Its weather report m the proper sequence 

3 SEC0 (Sequential Control), CAA Airways Operations Tranung Serxs, Bulletin No 5. 
April 1949 

. 
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Fq 3 Magnet,=-Drum Cabmet 

The reports are prlnted on all prmters connected to the lme This equipment, therefore. 
makes efflclent use of the lme time to collect a sequence of weather reports wIthout confusion 
or overlap A madlfzed form of SEC0 will be suItable for collectIon clrcults m the suggested 
system 

The MEDIS equlpment4 1s desIgned to select certan weather reports from a sequence 
collected on one clrcurt and to perforate them on another tape which an operator can convert- 
ently transmit to speclfled cxrcults on a speclfxc time schedule The system to be suggested 1s 
capable of provldxng weather-report users wvlth more useful lnformatmn than the MEDIS 
equipment can provide 

The ASID equpment 1s Installed at a transmlttmg statmn on a multzstatmn half-duplex 
lme When the statron wshes to transmit a message prepared on perforated tape. the ASID 
stands watch over the lme and attempts to selee It when It 1s free In general, the ASID umts 
on the same lme have dxfferent relay pxk-up times However, If two of them do pxk up and 
start transmlttlng sunultanecusly. garble results and they drop If thzs happens, the operator 
usually has to reset the tape zn the transmitter, whwh 1s not sermus on a manually controlled 
system but which might result m lost messages on a fully automatw system 

4MEDIS (A4 essage Dlversmn). CAA Always Operatmns Trammg Serxes. Bulletm No 8, 
November 1951 
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F,g 4 Monitor and Ma,ntenance Console for Flight-Plan Storage Equpment 

THE WESTERN ELECTRIC TYPE BlDl 
FULLY AUTOMATIC TELETYPEWRITER SWITCHING SYSTEM 

Th,s type of equpment has been descr,bed ,n the literature 5.6 Several alrhnes and 
mdustrles use such a system for the,= long-distance teletypewriter commumcatlons 
Essent,ally, the system consists of swztchmg centers ,nterconnected by trunk lmes Each 
center hzs one or more local 1,nes rad,at,ng from ,t A local l,ne may have several trans- 
m,tt,ng and rece,vmg stat,ons connected to ,t Each stat,on ,s ass,gned a two-letter 
,dent,f,cat,an However, s,nce only 20 letters of the alphabet are used for thx ldent,flcat,on 
a maximum l,m,t of 400 codes for each system ,s Imposed 

5W M Bacon and G 4 Locke. “A Full Automat,c Pr,vate-L,ne Teletypewriter Sw,tchmg 
System,” Transactmns of the American Inst,tute of Electr,cal Engzneers, Vol 70, pp 473-480. 
1951 

6 Walter M Bacon, “The 81-C-1 Teletypewvr,ter Sw,tch,ng System,” Bell Laboratar,es 
Record, Vol 28, No 4. pp 145-152, Aprrl 1950 
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When a smgle-address message IS transmltted m this system, It 1s. preceded by the 
two-character dlrectme code of the destlnatlon and 1s ended by “fieures-N-letters ‘I The 
message 1s stored on s-perforated tape m a reperforator-transrmtlter-~strlbutur umt r” the 
swltchmg center and the two-character code IS read to a” eqlupment called a “dlrector ” 
The &rector locks up a clrcut through a crossbar switch from the transmrtter of the lncommg 
urut to the perforator of a reperfarator-trans-tter-distributor umt associated with the out- 
going lme. The dxrectar 1s only occupied a fractmn of a second The “figures-N-letters” 
code breaks the crossbar switch connection at the end of the message. If the outgomg line 1s 
s multistatlon clrclut, a device called the SOTUS equrpment co-operates with a control eqlup- 
ment at each station to make certam that only the prmter of the destinatmn statm” 1s connected 
to the lme while the message 1s bemg transrmtted. Transmlttmg statmns on a multlstation 
Lne are Interrogated sequentially at frequent Intervals. A statmn havmg a message to trans.- 
nut may start sending only when Its call letters occur durmg this znterrogatlon. A type of 
prlorlty IS available by which on a given line some stations are given more frequent 
opportwty to transmit than others. 

Full-duplex lmes are used throughout the 81 type systems Such lmes permit 
simultaneous transmlssmn to and from the switchmg center. Full-duplex-line lease charges 
are only 25 per cent greater than the half-duplex-line lease charges, 

Multiple-address messages can be transmitted through the 81 system. This 1s done by 
precedmg such messages with a multiple-address code whmh 1s followed by the addresses of 
all statmns which are to receive the message The two-character dxrectmg code which 
precedes each multiple-address message 1s the code for the multiple-address eqlupment 
located m the swltchlng center. AS soon as such a message 1s received m the swltchmg 
center, It IS transmItted to the multiple-address equipment. This dewce proceeds to detect 
all the address codes prece&ng the text of the message and requests the &rector to seize 
one of the two outgomg reperfarator-transrmtter-distributor umts for each of the requred 
c1rcuts. When this 1s completed, the multiple-address eqlupment sends the text and the 
necessary codes srmultaneously to all clrcmts 

Group-address messages can also be handled by the 81 system. Such messages are 
preceded by only two dlrectng codes. The first takes the message to the group-address 
equpment which 1s located I” the swtchlng center. The second two-character code 1s used 
by thx devxe to select a predetermmed group of dlrectlng codes previously wired into lt. 
The group-address eqlupment then requests the dlrector to seze clrcwts correspondmg to 
the prewxred codes. When thx 1s completed. the text plus the necessary codes are sent to 
all clrctuts simultaneously. 

Although the Bl-type system 1s nut entirely slutable for use m CAA communications. 
It 1s a fully automatic teletypewurlter swrtching system. A modlfled versmn of it wrll be used 
1” the rvaluatmn experxnents wvlth the magnetx-drum flight-plan storage equipment. 

A SUGGESTED TELETYPEWRITER SYSTEM ~CORPORATING MAGNETIC-DRUM STORAGE 
AND FOR WEATHER AND ADMINISTRATIVE h4FSSAGES 

Some of the maJo= components having been described, the system evolved durmg the 
study pru)ect wunll he outlIned. The system was evolved by s comparison of the reqlvrements. 
whxh were &scussed 1” the lntroductlon to tbx report, and the characterx.txs of the major 
eqwpment wluch have been described. The smgle integrated system suggested here cs” 
replace the present CAA systems know” ss Servrces A, B, C, and 0. It would include s 
number of automatic teletypewrlter switching centers interconnected by trunk lmes 

For the ultimate nation-wide system, a network of trunks and swltchmg centers such 
as that shown m Fig. 5 could be used. Although the arrangement of centers snd trunks shown 
1~ Fig. 5 is used 1x1 this report only for illustratzve purposes, the reader may wish to consult 
the study made for the &r Navigstmn Development Board which proposed this system fo; air 
traffic control purpases.7 A TDEC specification bssed on that study was also prepared 

‘“Airport Time Utilxation Equipment - Phase I - Systems Engineering Study.” Cornell 
Aeronautical LaboratorIes for the Air Nsvigation Development Board. March 1, 1950. 

S”SpecIfic~tmn for Automatic Switching and Co-unicstmn System for Air Traffic 
Co-ordinating Equipment,” CAA, Techmcal Development and Evaluation Center, Speclflcatron 
No. TD-115. February 7, 1951. 
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FQ 5 Location of Swtchmg Centers Suggested m Cornell Aeronautical Laboratories Report 

Each swrtchmg center would serve the stations m Its area by means of a radral network 
of multistation local 1x1~s. Each message mtroduced mto the system would be preceded by 
one or more three-character dlrectmg codes. Each directing code 1s to represent a recelvlng 
stataon to whxh the message 1s to be sent. The first character of the directing code would 
umquely defme that swtchmg center with which the destmation statmn 1s assocmted. Messages 
~111 be sent to a switching center, erther from its associated statmns over the radml system of 
multrstatmn lmes or from ad,acent swvltclung centers vm trunk lrnes Each swltchrng center 
1s to contam an equpment, known as a d,rector, which functions 11, a manner smr~lar to that 
of the &rector ,n the Western Electrxc 81 system. 

II for any message the first character 1s that of some other awItchIng center, the 
&rector x=,111 cause the message to be transmitted over a trunk lme to an adlacent swltchmg 
center whwh lxs along the most &rect route to the destinatmn. However. If the first 
directing-code character 1s that of Its own switching center, the dlrector xv111 sense the second 
and third characters and w.ll cause the message to be transmitted to the local l,ne servmg the 
destmatron station. A magnetrc-drum storage equrpment for teletypewriter weather messages 
would be assocxated walth each switching center and would be assrgned a dlrectmg code. 

Two types of mu&station local lmes are suggested for tlus new system One of these 
should be a full-duplex lme wiuch “111 be referred to *LB a request clrcut. The other may be 
a half-duplex lme and vrxll be referred to as the program c~~cut. 

On a multistation request cxrcmt, each statron will be supplled wltb a recelvmg-only 
teletypewriter printer. a control cabmet, and a tr.nsmitUng set. Each statmn ~111 have an 
asszgned three-letter address code, and the receivmg-only prmter ~111 prmt only those 
messages that are prefixed by Its code. only one transmitter ~11 be permrtted to transrrut 
at any one tune. One way of accompllshlng this latter function 1s to frequently Interrogate 
all stations for traffic as 1s done I,, the Western Electric BlDl system. An example of such a 
clrcut la shown in Fag. 6. 
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Fxg. 6 Block Dragram of a Request and Admimstratlve Clrcrut 

Although a statmn on a request clrcurt wrll be capable of sendmg any message to any 
station in the system, Its prxnary function m thrs system IS to enable an operator to request 
from the magnetx-drum storage those weather ohservatmns and forecasts which he requres 
Infrequently. With the present magnetlc-drum equrpment, the transrmtter would send the 
fallowrng request 0Yer the system. 

ADR 6 CR LF # Sp ABA Sp V Sp S Sp IND Sp #9999 Sp # AWUS #00 Sp #CR # 

The symbols are mterpreted as follows 

ADR = Directmg code for drum, (may be any asslgned three-letter code) 

# = Lettershft character 

CR = Carnage-return character 

LF = Line-feed character 

# = Figure-shft character 

SP = Space-functmn character 

ABA = Directing code of requestor’s station 

IND = Location Identifxr for whxh weather report, forecast, or other stored 
mformatmn 1s requested. 

V, S, and 9999 = Fixed characters requred by the drum 

AWUS #00 = Type of stored weather mformation deszred (See Table I) 



Fig 7 Block Dw.gram of Program Clrcrut 

Upon receipt of the last character m thrs message, the magnetic drum ~111, m less than 
one-half second, automatically prepare the followmg reply 

ABA~CRLF~SpADRSpVSpSSpINDSp#1040Sp#AWUS#00LFCR# 

(Text of weather report or forecast) # CR # 

The prmted reply xv111 appear as follows ti the ABA characters have bee” absorbed m the 
sw1tchl*g process 

ADR V S IND 1040 AWUS 00 

(Text of weather report or forecast) 

The figures such as 1040 m this reply can represent the tune at which the weather report or 
forecast was fxled. 

I” addltmn to the recelvmg prmter and to the sending set associated walth the request 
arcrut, each location should be provided with a transmitter for sendmg Its own weather 
observation or forecast as well as with a prmter for those observations and forecasts whxh It 
wishes to receive on a routme or program basis as often as they are transnutted. In the 
system suggested here. the latter equpment 1s to be connected to a teletypewrIter kne whxh 
~111 be referred to as the program circuit. An example IS shown In Fig 7. 

Each program arcrut wall have only one recelvmg code. It will be a half-duplex clrcut, 
and each prmter on the circuit will prmt all messages transmrtted or received by the arcrut 
All transmlsslons from such a crrcurt will be controlled by equpment sun&z to the primary 
and secondary SEC0 equpment now used on CAA Servrce A. The prnnary SEC0 control unzt 
for such a clrcut ~111 send all transmissmns to the magnetic-drum storage equpment at Its 
associated swltchmg center by prefwng each one with the appropriate slvgle-address code, 

The magnetic-drum storage equipment \u~ll be capable of permanently stormg the 
necessary multiple-address code for dlstrlbutmg the weather observation or forecast to the 
program circuts that reqrure It. Therefore. each tame that the magnetic-drum equpment 
receIvea D new weather observation or forecast It ~111 xnmediately read out to the swltchmg 
center the approprrate mvltlple-address code group and the newly stored message. Thus out- 
gomg message ~111 then be a multxple-address message which the switching center ~111 
distribute. The present magnetic drum can be modzfled to provide this function. This modz- 
ficatlon will not mlpalr any existing functions of the equipment, except that one of the 2,000 
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message-storage positions ~~111 be reqrured for each multiple-address group stored. Each 
115-character message posltmn can hold apprcxxnately 24 three-letter codes 

With respect to the collectmn of messages for tr*nsnussmn from the program clrcut, 
the maxwnum frequency of scan should be that requzred under stormy-weather condltmns. If 
desirable, the frequency of scan could be varied by the swurtchmg-center supervisor in 
response to request messages from local stations vm the request and admlnrstrative clrclut. 

The number of stations on each program crrclut and the number of such clrcuxts 
associated WI+& each swltchmg center should be engineered to handle the message traffic with 
mmxnum line mileage and a message delay that IS equal to or less than the m-mum that can 
be tolerated. 

Although Fig. 5 zllustrates the system as It mght be nnplemented on a natmnwlde scale, 
an ~rutml lnstallatmn of such a system would very probably be made wlthln a moderate area 
because of costs, trainrng problems, and other factors. The suggested system can readily be 
made compatible with the present systems at the Jtu-tCbOn pomts on the periphery of the area. 
For the suggested system, each such ~unctmn point could be assigned a &rectmg code address 
and could be eqxupped wth two reperforator-transmitter-dlstrlbutors (FRXD), one for each 
drrectmn. For the Servxes A, B, C, and 0 at such points, the ASID, MEDIS, or SEC0 wts 
with manual superv~smn could be used to accent messaees from and deliver them to the 
lunctmn pant - 

The end-of-message code recommended for the suggested system 1s ‘lFlgures-Carrrage 
Return-Letters ‘I This 1s the same as the unlock code used m the SEC0 svstem. Prmtme 
characters are not recommended for this purpose because of their well-eitablxshed use ai 
weather symbols 1” the weather reports. It wxll be obvious that. If the end-of-message 
combmatmn should accidentally occur m the rmddle of the text, the message wrll be 
prematurely termmated. 

COMPARISON BETWEEN SUGGESTED AUTOMATIC TELETYPEWRITER SYSTEM 
AND THE PRESENT SYSTEM 

The need for a new system such as that suggested 1s most apparent from a study of the 
Services A, C. and 0. The U. S. Weather Bureau offvxals advlse that 650,000 words of 
orlgmal weather lnformatmn are prepared dally but that m an attempt to attam the desired 
dlstrlbutmn 1,500,OOO words are transmltted. This mdxates that each word of arlgmal 
weather mfcrmation IS repeated an average of 2.3 times. It 1s a well-known fact that the 
three groups of weather clrcluts are now workmg at almost maxwnum capacity. In one 
forecast center. another prmter was mstalled to obtam weather mformatmn from a second 
Service A clrcult. Only 25 per cent of the mformatmn on the second cxrcult was new, and 
75 per cent was a repeat of that already bemg received. In another case, the same weather 
report IS received at one statron several trnes for each transrmssron. 

Any station can now request the report from another statmn only on a contmuous basis 
even though the station needs It less frequently. For example. If a statron has urgent need 
for an hourly report once a day, It can only obtain rt by acceptmg It 24 txnes per day. 

The heavy loadmg on the present cxrcults could be relieved by breakmg them up rnto 
Smaller clrcuts with fewer stations per arcmt. But smce each crrclut reqrures some of the 
weather reports from each of the others, the need for addltmnal lwEDI.5 equipment would 
lntrease much more rapidly than the mcrease m the number of circurts. 

Furthermore, on many clrcuzts the hourly collectmn IS too frequent m good weather 
when mstrument readmgs change slowly but 1s not frequent enough m stormy or unsettled 
weather when the Instrument readings change rapldly. Although provxsmn 1s made for special 
reports under unsettled weather condltmns, the heavy teletypewrlter-clrcult loadmgs often 
prevent their transrmssmn. 

It should be repeated that these condltmns are a result of an expandmg use of aviatmn 
m this country which use has brought us to the steep part of the curve m Fig 1 labeled 
“Equpment Used With Manual Methods ” In prmr years. Services A, B, C, and 0 have been 
adequate and economical, 

The suggested system solves these problems fxrst by provldmg any statmn with 
promptly answered weather request servxe vra the swltchmg center and magnetic-drum 
storage. This gives any CAA commumcator or Weather Bureau forecaster access to much 
more weather rnformatmn than he now has. It should also drastxally reduce the need for 
programmed drstrlbutmn so that the latter can be used to dlstrlbute frequently needed weather 
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mformatmn while the request service can provide that mformatlan whxh 1s needed less 
frequently 

The amount of program-transmlssmn lr,e t,me can be further curtalled by reducmg 
the “umber of program prmters per clrcut to 20 or less Added Interconnections are 
efflelently and economxally handled by fully automatx teletypewriter swltchlng systems usmg 
the dlrector and the crossbar swztch. I” this respect the suggested system follows the Fully- 
Automatic-Eqrupment curve of Fig. 1, s~“ce both the automatic swltchlng center and the 
magnetic drum are prohlblhvely expensive for light message traffic but have a very attractive 
per-message cost when the traffic becomes heavy. 

If the suggested system 1s acceptable as a” improvement over the exlstmg Services A, 
C. and 0, then the present Servxe B traffx can be handled over the new system with little or 
no addltmnal terminal equpment such as printers or reperfarators 

Since maxnnum delay 1s a function of maxxrxum message length.the Inherently short 
CAA messages should result I” a low maximum-delay figure Average delay 1s a functlo” of 
the “umber of clrcults available to handle the traffic Therefore, the ablllty of the suggested 
system to accommodate a multipllclty of local clrcuzts and trunks should materially reduce 
the average message delay below that of the present system 

One of the dlfflcultles whxh ~111 be encountered in designing a new system 1s the lack 
of precise traffx lnformatxo” o” exlstlng CAA c11 cults I” one recent study, the traffic 
e&mate was made by cou”tmg the rolls of ta e used each day. A recently perfected word 
counter makes a more precise tally possible 6 It should be noted that adxunlstratlve and 
request messages are not normally swltched Into program circuits, therefore, except on 
trunk lines, delays far the two classes of messages are Independent of each other. 

COMPATIBILITY OF THE PROPOSED SYSTEM WITH 
TRANSMISSION OF TRAFFIC-CONTROL INFORb.ATION BY TELETYPEWRITER SIGNALS 

The teletypewriter swltchlng center and the same magnetx-drum storage can be used 
for both weather messages and for messages of the trafhc-control system which was proposed 
In the RTCA SC-31 report.10 This system 1s to be evaluated If separate trunks and separate 
first-letter codes are used for weather and traffic-control teletypewrIter statIons, the 
message delays for the two classes of traffic can be made Independent even though the same 
swltcting center IS used. Negllglble delay will be contributed by the commonly used dlrector 
since It needs only a very small fractxon of the shortest message +.nne to seze a clrcult On 
the other hand, the unlfled system permits the occasional exchange of messages between the 
hvo types of statmns. 

CONCLUSIONS 

The suggested system for collecting and drstrlbuting weather InformatIon appears to 
offer very large savxngs in line trrxe and Ixne-lease charges for the present volume of traffic 
Although terrmnal eqlupment 1s more expensive, a net gan appears certal”. It can be sad 
that the suggested system offers servxe that 1s far superior to that of the present system for 
the eustlng volume of trafhc. Furthermore, servxe ~111 reman adequate for still greater 
traffic volume, which 1s someting the exlstlng system cannot prowde 

It should agal” be stressed that for a lighter volume of traffic than now exists, the 

9w Y. Lang, “TeletypewrIter Word Counter,” Bell LaboratorIes Record, Vol. 31, No. 6, 
pp. 221-224, June 1953. 

““hr Traffic Control Paper 27-48/DO-12:’ Ra&o Technical Commlsslon for 
Aeronautxs Special Committee 31, May 12, 1948. 
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present system 1s more econanncal and 1s entmely adequate The ultimate answer may be a 
composite system usn-,g the suggested equpment III the high-denszty-traffic areas of the east 
and west coasts of the Umted States and the present services in the Plams States and zn 
mountalnaus areas. 

An expermental evaluatmn of the suggested system III a moderate-size area would be 
desirable. Such a,, experment would provide valuable data on the proper ratlo of request- 
message traffic to program-messrrge kafhc. It would also enable CAA personnel to 
fam~lmnze themselves rnlth the characterlstlcs and potentmlrties of magnetx-drum storage, 
85 well as with the teletypewriter swrtclung system. 

It would be mcorrect to assume that tbrs study pro,ect of one year’s duratmn could 
evolve a system sutable m every detaxl for CAA cornmumcatmns. However. It 1s believed 
that the basic principles described I,, thrs report are sound and may sen’e as a stepplng 
stone to a better and more efflclent CM commu~catmns svstem. 


