
CIVIL, AERONAUTICS AUTHORITY 

T&cal lkdopmmc Bepocc No 1 

THE STATUS 
OF INSTRUMENT LANDING 

SYSTEMS 

By W E JACKSON 

tid, Fhdm Development Secaon 

OCTOBER 1937 



CONTENTS 

INTBODUCI’ION- __ _ _ _ _ _ _ ___ _ _ __ _ _ _ _ _ ___ __ _ _ _ _ _ _ __ _ _ 

DEBCBIPTION AND DISCUSSION OF DEWPMENT- 
Nstmml Bureau of Standard8 developmante ____________ 
An-weyn Dmmon developments _______ ____________ ____ 
lhrly development of the hrenz System _______________ 
~ydevelopment----------------------------.---.- 
Wsshmgbn Institute of Technology development. ______ 
Tmwcontin&al & Western An development ___________ 
Bureau of Au Commeroe developmenta _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Later development of the Lare.nz Sm __________ ____ 
Testa at Imhnapohm of Lorenz Syntem- _ __ ____ _ ____ ___ 
Umti An Lima and Bendix development ______ ______ __ 
Fuudnme.nhl elementa and pro~e&d development _______ 

DISCUSSION- _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ ___ _ _ ___ _ 

CONCLUSIONS ____ __ _ _ ___ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ 

BECOMMENDATIONS- _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 

mm - - - - - - - - _ _ _ _ - _I _ _ - - _ - - - _ _ - - _ - - - _ - - - _ - _ - - - 
cm, 



POREWOBD 

The author mhea to a,&m&dge the able asslstmm and coopera- 
tmn of my people m the arbne companms, radm leboratonea, and 
other Qovemment and commercial orgmmtmm, mthout whose valu- 
able contnbntlom thus report and the reeulta dmbed therm would 
not have been poamble 

(VI 



REPORT ON THE STATUS OF INSTRUMENT 
LANDING SYSTEMS 

SUMMARY 

Dung the past 10 years a large number of 
mah-ument landmg systms have undergone 
development and tests and B conslderabIe 
fund of mformatioon has bean sccumuleted 
cancerrung the ahortmrmngs and advantages 
of each The mn,or an lmem of the Urnted 
St&a, the Federal Commumcatmns Comnus- 
mm, the Bureau of Au Commerce, and the 
subc.xmmt~ on In&ument Landmg Devices 
of the Radm Techmcd Comrmttw for Aem- 
nauhcs have reached an agreement aa to the 
fundamental elements whuzh should be mcor- 
porated 111 & prechcal mal7clmlant landlug 
B@XO and have also outlmed B program of 
pm]ected development Havmg thm agree- 
ment, It 1s now possible for all mtareated or- 
gmuahcm to proceed mth the perfection of B 
praotxd system by combzag the supenor 
feature of the eystams whmh have been tested 
and to cariy on development whmh wdl further 
augment tbm system At present, the major 
m hnea m planrung to u&all B number of 
lnstrummt hdmg systm~~, havmg the funda- 
mental elements agreed upon by the &bon+ 
m&zoned orgamzalmns, to be used on an 
expenmentd and pdot trq baas It L9 
reammanded that the Bureau of Au Com- 
merca sponsor further development of mstm- 
ment lemlmg equpment untd It meets the 
approval of all conoemed ~tb regard to 
oprstion, rehabtity, and eaez of mamtanance 
aa well as fundamental elements When tb 
condihon IS reaohed, It IS recommended that 
the Bureau of An Commerce purchase, m&all, 
and operate a number of these lnstmment 
lmdmg ~gstmm at vmow mporte throughout 
the United Statea on an expenmentd basis 

L 
INTRODUCTION 

About the time that du~t~onal mdm faahti& 
were bang considered as an ad to thenaviga- 
bon of u-craft under oon&tmne of rest&ted ce 
rare VlslbtiQ, It became appnrent that, w&h 
further mod&&omi, du.e&ond radio tma- 
mmamn could be utdued to assut B pdot III 
lrmhg m urplane where a low or zaru celling 
prev&d Although sOme work WBS dons u 
early lx8 1019, no espaally promimng results 
were obtamed u&l about 1929 when the 
Bureau of Standmds produced a comple& 
mstrument landmg syatam Followmg th& 
several solutions to the problem hve been 
proposed, dI of whch can be gmupvxl 88 
follows Fn=at, those wfuch employ radm tmte- 
-KK, merely 1b8 a means of enabling ea ar- 
plane pdot to one& humelf 111 B ho’azwtal 
plane, after whxh he must depend on WI dti- 
meter 111 mdnng the 6nd landmg maneuver; 
second, mementa in wbxh radio tmne 
~lll~on supphes the p&t mtb both lateral and 
verhcal gudtmce uamg the dtameter only to 
check the r&o m&cat~on+nd third, methods 
employing B mdum other than redm for the 
tmmleslon of landlug Information to the 
pdot h tb report, progress m the develop 
ment of aystams fdlmg under the 6mt two 
class&xhons wdl be outlmed Stady and 
development of methods fd@ under the thud 
group 19 pmgresmg and ti be made the 
subject of B let&r report. 

DESCBIPTION AND DISCUSSION OF 
DEVECOPMENT 

Nattonal B,,rean of Standuds Derelopmerh 
In 1919 the Netmnd Bureau of St&da& 

developed expenmentdly & redm system to sld 



a 
airplanes lmdmg durmg poor vxxb&ty The 
system comprwxl the use of e. dnwtion finder 
on the auplane m conjunction wth a marker 
beacon to lo&e the landmg field (2) The 
marker beecon employed two honzontal loop 
antanne+ one above the other It produced 
m verhc.al &tnbution of mtens~ty, mcludmg B 
cone of &ma, wbmh effechvely m&ceted a 
pomt~on with respect to the landmg field 
The trammutter wad was B half kdowatt spark 
transrmttar operahug on epproxunately 300 kc 

In 1928 the Natlonal Bureau of Standerds 
developed for the Aeronsutnx Branch of the 
Department of Commerce (now the Bureau 
of b Commerce) a blmd landmg system 
compnsmg a n&o range m conlunctmn vnth 
marker beacons In thm system, the rndlo 
range m placed near the landmg field end one 
come IS almed v&h the runway on whlcb It 
18 deslred to land One or more marker 
beacons e-e located on the course at smtable 
&stances from the dewed pomt of lendmg 
to gwe the pilot an mdmatmn of hi &stance 
therefrom and thereby to ass& bun III smt- 
ably controlhng the altitude of bs airplane 
~bs mdlceted by &her a barometnc or an 
absolute &meter A report outlmmg tbls 
system was submItted to the Dame1 Guggen- 
helm Fund for the PromotIon of Aeronautlcs 
m 1928 A runway locnbzer (radio range 
wth com-s~ slmed wth runway) and marker 
beacon were mstalled by the Bureau nt 
M&he1 Fmld m 1929 for blmd-landmg expen- 
ments (2) Usmg the runway localmer and 
its cone of silence as R marker beacon, pdot 
Lt J H Doohttle of the Guggenbelm Fund 
made the first successful mstrument landmg 
m hmtory on September 24, 1929 Other 
lanclmgs were made m later months, usmg 
both the marker beacon and the runway 
locabzer ,T Tlx type of system, compnsmg 
only the radio range and marker beacons, 1s 
sometunes called a r&&o approach system 

Lmutenant Doohttle did notable work on 
the development of the nonradm mstruments 

art&ml honaon lnatrument and a directional 
gyroscope)and cooperated vnth the Sperry 
Development Co III their design CBoth of 
these mstruments and many of his Ideas for 
mstrument groupmg have smce been gener- 
ally adopted m avlatmn > 

These systems provided the pilot with 
lateral and lonetudmal vdance (The nn- 
portant step of provldmg gmdance m the 
v&me1 plane, thus achmvmg a complete 
three&mensmnal system, was conceived by 
the National Buresu of Standards m 1929 (3) 
To the eqmalgnal runw&y locahzxr and the 
marker beacons WV&~ added a beam 111 the 
vertlal plane wbch provlded a oonstsnt- 
mtenslty ghde path of convement shape for 
easy landmg The eqmpment WBB set up 
and the system developed at College Park, 
Md The &de path W&B obtamed from an 
ultra-hgh-frequency transrmtter utdnmg B 
honzontnlly polarlzed due&we array operat- 
1ng on 90 8 mc The runway locallzer 
utilized small multIturn loops mhmh operated 
on 278 kc The marker beacons used long 
low-transmmxon hue antennas and operated 
on 3106 kc) A complete momtormg system 
w&s added i The first blmd landmg mth this 
system WY&~ made by pdot M S Boggs st 
College Park, September 5, 1931 A second 
mstallatmn was made by the National 
Bureau of Standards at Newark, N J , m 
1933, where over a hundred blmd landmgs 
were made (4) A ttid mstallatlon was 
made by the National Buresu of Standards et 
Oakland, C&f, in 1934 > The system was 
plsruted to reqwe a muumum of msmpula- 
tion of radio controls by the landmg pilot and 
to slmpbfy the mterprehatlon of the radio 
signals received To thlB end, visual runway- 
localmer and landmg-beam course mdmatlons 
mere provided on a smgle crossed-porn&r 
mstrument, the need for volume-control 
mampulatlon was elmnnated, and dlstmctlve 
modulation of the approach and boundary 
marker beacons was employed 

reqmred m m&lung an mstrument landmg,> Dwmg 1933 and 1934, tegt 5ghts of the 
and on then groupmg on the matrument 
panel to faahtate “88 by the p&t ‘He was 

Newark metallahon by mr transport pdots m 
airplanes eqmpped for the purpose by the 

one of the fist to recogmee the need for an Umti Au Lmes and ‘RanLnsconhnental We& 
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wn AI wwl to mdmuta the pwtiasbhity of 
the fundame&al pwuplee of the eyatem and 
pamted to dared mprovemevta Beduchon 
of caet 01 the gmund statmu qwpment, elxw- 
nehca of the al&t beads 111 the runway loal- 
urn oour~ wused by the presenoe ai rshnd 
tmke, power hnw, etc, and mcrease of the 
elope of the landmg peth were dewed The 
Bureau of Standan& cooperat m the teats 
and, at College Park, costumed eta work on 
lmprovmg the eystam Tests were made on B 
wmbmed nmway locahzer and landmg beam 
operating on B angle ultwh@ &quancy, and 
on & method for placmg the lnndmg beam (or 
the combred q&m) m a pit at the center of an 
an-port m order to mcmw the elope of the 
lmdmg path and to r@ord ~~rvnx for all wmd 
dmchom (6) The eur~phiicatmn of the corn- 
bmed system when uamg v&dly polmd 
WBVBB led to a study of the relahve advantages 
of honzontnl and vertmrtl polanzatlon, tb 
study reve&d that honmntal polanza!xon was 
preferable for safe ~88 of the landmg beam, m- 
wmuch ~8 the ghde path would drop wth 
mowfall when umng v&ally polarued wavea, 
whereas the &de path would nae w~tb hon- 
imallg pold wava under smular condl- 
t~oons Reverse dm&ond effects m the run- 
~~qc.curse m&cd~one when uemg hoi-w&ally 
poLwiz.ed WBV~B led to the development of 
epecml nonchrechonal recelvmg entennas to 
ova-come th.7 effect 

III 1933 the An-ways Dwmon of the Depart- 
ment of Commerce developed and mat&d st 
Newark, N J , what IE probably the sunpleet 
metnuaent lnndmg system (6) It used the 
tmnvent~~nal swim mqe rwgmmtecl by an 
omm~4cnelmd1o marker and B Kolkutwn 
8ltnneteF on the wrplane In UIIE egstam the 
Ido range YI l-ted dmlt 2 miles from the 
amp& and hlvl ane COUIBE abned wth the run- 
way on whch mkument Iamlmga am to be 
made The maker tramxmtter and eta an- 
tamlaareloaatedontha~~~course 
1,O feet outade the Blrport boundary A 
cam-m fmquemy d&rmg fmm that of the 
m&o range by 1 !alocy& IE used for the marker 
trunmmth In addhon, It w plod&&d by 

w-2 

8n wdm fmwJh?y eeval h\Eadred e&a $8 
low the rage modul&ng &9qwnoy. 

InordeFtom&sluImgt&mugbtlwwa 
of thhese faahtxs, the pilot oppwschoe tha so+ J 
poFt+lgat1,OOOfeetontlleooure4?Js&u&ie 
the P3ClPCd Qf that pi-O]eCtW@ d9W the 

Nnvmy As the Blrplane passes ov0r thq md% 

range, the pdot observes the cone of &ace & 
lmmedultaly reduces the epeed of hla qgmq3 
and puts the arplane mta a normal &de As 
the let-dor~n IS continued, the e.qlana IS, held 
on the rdlo range calme uemg 8 dimctlond 
gyrvmmpane beanng BS a check When the 
marker beacon -al 111 detected, the .sirpl~pe 
should have descended to 100 feet, and thle 
provides the pilot xnth a check on b progress 
111 the l&~-down maneuver If the avplane 
has bean glxhq at the proper angle, thw r&a- 
tude wll have bean reached and the ifiat can 
proceed to land on the runwsy Otherwae, he 
must chmb to 1,000 feet and repeat the prow- 
dum, making such corrections m the uplane 
sped 88 appear necessary to compensate far 
wmd velocity 

A vranat~oon m tka system was m&&d at 
Waahmgbn, D C , m 1033’and IE deacnbed m 
detal m the referawe (7) It n&es an ad&- 
tlonal r&o marker, @t&xl 2% m&a &tent 
from the mrport boundary on the coume 
salecti for instrument lFr&ga It OpeIBtea 
on the mame in&o frequency as the boundary 
marker and IS modulated by two and10 fm- 
quenaes keyed alternately The mcduletron 
frequency of the boundary marker IE not keyed 
and d&m horn both of ths outer marker modu- 
latlons Alq the lndlo range beacon ti locsted 
on the mde of the arrport opposlbe that on 
whch the marken axe mtuated The prom- 
dure followed ~9 d&went from that of the tirst 
system m that the ptlot makes hi appraaah 
flymg toward the range statIon rather then 
may from It a&l the agnal from the outer 
marlrer msta.5 of the rodlo range cone of eilenee 
18 used to warn the pdot that he should begin 
his gbde Much of the succeza of ather epetam 
depends on the nccumcy of the timetrio 
dhmet8r, hone of wbch at the prwnt time ran 
be rehed upon to gwe a madmg havmg a t&r- 

aWe of lees than plw Pr mlpus 49 fwt For 
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this reason, mtrucent lmdmgs mth ather sys- 
tern am not considered feasible smce the poeql- 
bfity of undaahoo~ or overshootmg the land- 
mg area 19 too great ) However, these fachtms 
do assist the pilot to fly m under a lOO-foot 
dmg and make B contact Lmdmg 

Early Development of the Lorenz System 

In 1933, Eramar described B blmd ltmdmg 
system whch had been tested m Europe It 
co-tad of B” ultra-h&frequency transrmtter 
operatmg on B frequency of 43 mc , w?uch KR~ 
60 located mth respect to the rurport that an 
mstnlment landmg could be made A pllot 
mekmg B landmg mth tb system first flew 
over the cone of sdence et B” altitude of 650 
feet At tb elevation, the cone of silence 
lasted spproxlmately 4 or 5 seconds, depending 
on the speed of the -lane Immediately after 
paasmg through the cone of sdence, the ghde to 
the auport was begun and the amplane wa8 
maneuvered along B tic range coup98 at a 
ghdmg angle wbch would perrmt It to contact 
the runway at the proper pomt (8) 

Army Development 

In 1932 and 1933, the An Corps at Wright 
Field under the dlrechon of Captam Hegen- 
berger developed an mstrument landmg system 
wl”ch wa.~ umque m Its suaphclty of operatmn 
and the flenblhty rvlth wl”ch It could be used 
under varying wmd oon&tlons ti system 
W&B adopted by the Bureau of Au Commerce 
and mstistions were begun at 36 anports 
throughout the Umted States (3) TIM pro- 
gram WBB never completed due primarily to the 
fact tbet B ma]onty of the alr lull% felt that It 
&d not gne aficmntly preae lndlcstlons for 
safe comme~cnlu98 ‘rTbls system IS described 
m the A” Commerce Bull&m, volume 6, No 5, 
and by Jackson m the National Safety News (10) 
and by Jackson and Hromada m Pander’s Hand- 
book (6) iThe ma,or &sadva”tage of the Army 
approach system we.8 that It &d not gre B pre- 
~198 absolute altitude mdlcatlon, e.mca that fur- 
mabed by the Eollsman sensltlve altlmetar could 
only be rehed upon mtti plus or zamu8 40 feet 
under all practical conditions Furthermore, It 
Id not provide B well-defined lateral path, but 

. 

wntmually change mth any cross-wmd com- 
ponent The ma]or advantage of the Army 
system was that It WBB simple to fly, which 
made It poeable for the pilot to qmckly onent 
hunself +d placed no extra burden on the pilot 
as he followed the tic compass m&cater 

Wsshlnpton Institute of Technology Demlopment 

I” 1933, the Washmgtnn Inetltute of Tech- 
nology Iv88 organmd for the purpose of further 
developmg and commenxahzmg the Bureau of 
Standards mshument landulg system 

I” 1935, t&a orgamzatlon produced a” 
expenmental set-up ut&zamg the I-A visual 
mdxatlo” method developed by the Bureau 
of AII Commerce, but, after a short penod of 
fight testing by the Umted Au hes, the “se 
of the I-A md~cator for the localmer was 
abandoned Tb system consisted of B glide 
path operated o” approxxnately 93 mc, the 
VlSUnl ronway locahzer operated on B frequency 
of 278 kc and a” aural marker beacon on the 
same frequency aa the runway locabzer All of 
the ground eqmpment, except the marker 
beacon, wa mounted m a” automobde trader 
to pemut the operation of the system m any 
duect~on Concrete platforms and power out- 
lets for the trader were provided at the end of 
each runway The trader could be towed to 
the posltlon best smted for the particular 
weather condltio” at the time of landmg 

The locabzer tranamtter bad B frequency of 
278 kc and B power output of approxunately 
400 wstta transmttmg mto small multiturn 
loops enclosed w&m the tia~Ier The keymg 
used wea that of the I-A system, that 19, an 
“I” tmnmutted mto one loop whde an “A” 
TVs! trfmEmltti mto the other loop The 
SICd 1OOpB @AT Very ~=dWhO~ e5Cle”Cy 
so that the menmum &stance over whxh the 
renge could be used wea approxmiataly 15 
rmlee under favorable comhtlons and less than 
2 mdes under heavy static comhtions 

The &de-p&h transrmttar oper&d at B 
frequency of approxlmataly 93 mc and had 
an output of apprommataly 400 watts The 
antenna array “t&xl honwntal polanzatlon 
and consIsted of four half-wave antames fed 



tema~naywasreountedon~~~ The wasthatanychpngeinemeaj~ of &e tubeu 
dy difllculty oldand m oonneohon mth the m cythar channel cauaed localma caaae vr+&~ 
gbda p&h we that, because of the ehcrt run- ttons To overcolue this dl5culty, * epl& 
way at cbkge Par9, lt wea neoesearg to sd]u& pow* smplliiar wB8 used Vltb dux&agW 
the pstb 80 that It was ralalst~ely steep end the plate supply Modulatmg means, not m&n& 
pomt of contact fmrly &ae to the tranmmtter, mg any vscunm tubes, were camwted te the 
gwngonly a few handred feet for the plane to output of the tar& -t end t8e output of 
roll after contechng the ground Thx would .snch of these w&8 suppbed to one of the loops 
beabmm&donslatgerauportbyualnge~tb~ One loop was than modulad at 66 cycles, 
B lagher eashvlty e&tug on the reaaver or and the other at 88 7 cycles %arrange- 
rum-e powar at the ti-tter Under these ment had the ndvtmtage that venatienn m 
clreumstancea the path would be Identical to -on vmed each of the Sgure&x&t 
all ~ymstama using honmntally polnnzed wavea pattxma mmultnneoualy, and the co- alme- 

The marker beacon canslsted of B hnuenuttar ment was not effected The course mdacstioons 
hevmg a frequency of 278 kc and a mammum were furmnhed to the pilot by meara of B con- 
power output of appmxmlstely 4 watta The venhond crcepomtar type of meter, uwng * 
camm was modulated at 1200 cycles The reed converter slrmlar to that ongmtxlly Usep 
antenna system consrated of a mngle lnsuleted by the Department of Commemo 
wne la14 on the ground The ongmd ccmvarter has been somewhat 

A complete momtamg sy&am was provided redesigned mechamcally and a ma,or unprove- 
S%aeby the eqmpment could be turned on ment m cabbratmn procedure developed which 
or off at B remote pomt. Momtor bghts were gnes the device B bgh dq of mrvme 
provlded wbmh m&oated when the trans- mlmb&ty 
mttem were on or off _ In ad&hon, each tare- Another type of converter umt has been 
nuttar was pmvxled with a cu&out relay wbxh developed, mterohrmgeeble with and &en 
was desIgned automaticaLly to remove power bghter then the reed oonverter, whxh la-known 
from the tranamltter If Ita output vaned 88 the toi-alOm3l type of converter ThW type 
epprecmbly from normal, tbua precludmg the of mdxator wdl be adopted If extana~e &bt 
posslbdiQ of md&ng mcorrect slgnels A teata prove ita aupenonty over the ongnml reed 
mead mdxatm device used m the avoraft to type of canvertar 
m&c&e the right or left of the coume was mm- Although only one rraller platform was 
dar to the I-A m&c&r, ongmelly developed estab~hed at College Park durmg t& tests 
by the Bureau of Au Commerce wltb united Au Lmes In 1936, extaW1ve t&a 

After these t&a, the Wctahmgbn Institute conducted ~mce then have ahown that hot 
of Technology than contmued the develop only wd the eqmpment stand up under ueege- 
ment of & doubls+modulahon l&r based far more eev(ve than that ta be encamtared 
OP the prmclple ongznnlly employed m the on any arport, but $so tbet stuble md rapm- 
Natmnal Bureau of Standards system, that ducible coursea are obtnmed by meana of the 
la, Qne Imp was modulated at & frequency of poatlomng platforma Wed to locsfe the lander 
66 cycles, whde the other wu88 modulated at Improvements m the trader and the method of 
86 7 cycles A novel method of accompti- coupling make pc&ble the chadge from one 
ulg tbls mdulatmn *aa adopted wbmh resulted poat1on to another B mStteI of 8 few Inmute 
III B great Improveaent over the earher soheme The present eqmpment for conducting sarnce 
-ally the tranarmttar had dual output teats mcorpxatea B Ql-mc ghde-path tran8* 
radm-frequency amp&r channels, each of rmtter, a me&m b&-frequency lcc&mr, and 
whxh was modulated at one of the two f~ B merkar beacon on the locabza frequency, 
qumcwa mentioned above Each power ampb- alI cry~tsl controlled The ma,or Wva~ 
fier mdependentiy axted one of the loops, tage~tbt&Bgstemandallo&rBgetema 
The moat e4moua okqehon to thm nnnngement using runw*y loc&ara operetmg on rel&vely 

i 



low radio frequencies ~9 the fact that the uea of 
these fmquencles IS spt to give numeroue bends 
and multiple courms wbmh meke It acult, 
If not unpmble, for the pdot to land on an 
mport cons&ently under blmd condltlons 
As soon BB su&xent data IE accumulated on the 
operation of an ultra-bgh-frequency locallzer, 
thu eqmpment d be substltutad 

Tr-ntlnentd & Wsstern Air Deselopmd 

In 1935, TWA developed * cumbmahon 
ghde path and locabzer umt st the Kansas 
City Anport usmg a frequency of 65 mc The 
eqmpment was crystal controlled sod * s&s- 
fsotory straight path was obtamed However, 
consldersble dSc&y was encountered due to 
vanatlons m the alhtude of the gbde path 
when croasmg over * river aud * d&e near the 
nver’s edge Thm &contmmty m the path 
wa8 conmdered to be * *enou~ objectmn and 
It was not untd lster that It WIXY determmed 
that vertmally polaneed waves were reaponslble 
for the &contmmty 

Bmean of Ah Commerce Developments. 

In 1935, the Bureau of Au Commerce of the 
Department of Commerce conducted further 
teats at Newark, N J , on * ghde-pstb system 
on 93 mc and on * loc&er system on 227 kc 
The locahmr was mod&d to opemte on angle 
side baod wltb * symmetically &poti ver- 
heal antenna conQmmusly excited by * earner 
1020 cycles lower than the smgle side band 
With tb system, automaho volume control 
operated fmm the c*rrmr could be used and It 
alao pernutted mmuI~eous operation of the 
r&o compass m add~tmn to malnng It possible 
to tmrmt vo,ca communmahon from the c&r- 
rler antenna. ‘=l%e coomc m&cahons were ob- 
tamed by keymg the sl~lgle side baud ~ltb “I” 
and “A” and obtmmg * visual md&tmn by 
energy derived from the trment powa An 
ob1ectaonable feeture of ~&IS system was that 
,t gave a kdmg mdhhon to the pdot TIE 
caused considerable eyestram and reqmred an 
unnecessary amount of concentration to deter- 
mm* whether the plax 7~88 gradually nppmach- 
mg or lesvmg the co- Another d5iculty 
w*s that stahc caused the visual mdlcatar to 
gwe errun~ou9 coume mdmatmns, thus malang 

It d&xlt to fly *n aceurste coume during 
atmosphenc wndlhom CA further obJection 
to the use of transmnt type of vwual mdmator 
was the mhermtly brad co- m&cahon 
wbxh made accurate flymg lmpoable 2 

Due to the concentration of tm5c et tbhe 
Newark Au.port, the enhre eqmpment wm 
moved to Indmnapoba, at wbxh pomt further 
tests were conducted on &IS system> After * 
consldemble number of teats, It WBB detannmed 
th*tltwesllruLecsssary to hnmmlt VOlce over 

the earner ~ntertna, a,nd, furthermore, thet the 
course obtzqmd were 41 percent mder when 
usmg tlm type of transrmsslon than when uang 
the two loops w&out the vertxal antenna In 
ad&tlon to thn, there were the lnckmg d5cuL 
ties outlmed previously and the kickmg meter 
was abandoned 

Mod&x&one ware then made whxh made 
use of extremely h&speed dots on one side of 
the couree and de&es on the other, each dash 
hevmg * length five hmesl that of one of the 
doti It was then pomble to obtam * smooth 
on-course mhcahon Thu proved to be much 
more satifactory than the kxlang needle tw 
used with the I-A systam However, due to 
meehamcal Imperfechons m the fast keymg of 
the dots wbmh were at the rate of 300 per 
mmute, random trsnsmnta were produced by 
key chcks caused by the lmk cuxmt relay con- 
tacttug both sldea or becauee of spaces occur- 
rmg between the dots md dashes tendmg to 
give occa¶on*l CoulYJ? mdlcator fluctuahons 
whxh were annoymg to the pilot 

h 
F&r- 

mom, fight testa mdcated that t e pm of 
co”lBcB 111 hue With the rmw*y *em free from 
key chcks and comclded sumlly and vlemdly 
wherees the pm of cou~~ee normal to the run- 
way were found to be located properly aurally 
although key chcks were apparent, but rotated 
8” clockmse on the visual mdxator T~u 
error ma8 caused by * key-chck figum-of-aght 
pattern, the ~~19 of whmh was normal to the 
ruuway Thw parahc key-&k pattern corn- 
bmed with the normad figumaf-aght patterns 
to produce * visual co- 8’ off the true 
c0Ul-S Due to the d&c&ma mvolved III 
mzsdaunug the bnk cwcmt relay nd1ustment 
m 8 mech~cally perfect con&tlon,[lt wea 
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Another unprovement made at Indmpoba 
was to locate the gbde-path antenna 80 that the 
axm of the beam ~08 protected BDMSB the NB- 
way at an angle cd sppmxlmatdy 13O Testa 
mdlmted that tbla method w8a enhmly prnc- 
Thai m pmahmg tie pant of contact out farther 
on thn Beld and *t the sam* tune prevtmtig 
the etructm hblmlng the antenna 8rmy fmm 

w*- 
l-tats on the low-brequenay nmw*y 1olzalW.W 

at Newuk mdm*cated that both mult@e conmas 
and bmt courses prnvaled, wherers at b&map 
c&s, umng the mme frequency, under ideal con- 
d,hom no vagwma were observed Bread on 
these &m~~horm together xath the expenence 
gum-l from other mhunmnt l&g m&alla- 
tmm and radio rrmga statioons l-ted through- 
out the Uruted St&a umg these low *a&o 
frqmcaea, it would appear that these fm- 
qua- &re not weU erutad ti provide * s-t 
-r course However, expenence m&cates 
tlmt the ecduhon to tbm problem IB the else of 
ulh&agh freqaencaz, pronded care 18 exer- 
cd m properly lo&mg the 1e Wtb 
respect to m0echllg obpets such 88 hangars, 
gas tu&~, towers, end b&mgs Teata m now 
bmng oonducted rst Indmn*p& to determme 
tJm feaab&ty of mplaang the low-frequency 
localusr with 8n ultm-@Numcy l&r 

Lammvelopmntafnmxamnrsyntem. 

l h 1034 and 1936, Dr E Emmar, of the 
Iixanz Co in Oerrmsny, developed * umque and 

J amp&d blmd landmg system (IZ), (la), (13) 
This syhnl consrsti of f&e &me elements 
or@dy ueed by the Nkhbbnd Bumsu of 

IS, &de path, runway r&o 
, marker beacons, and momtor 

de path and the loa.bmr were 
,/combmed mtb one tmmnnittar and rrelmw 



These tests in&c&d that approaches could be 
made to the field under con&taons of low v181- 
bhty and low celllngs wth good rehsbhty 
However&there were several hnutatlons to the 
use of thaw equpment F&, It was found 
that the m&o laoge could be flown better 
aurally than mually TIE was attnbuted to 
the fact that the needle mdxat~ons were of the 
lnchng type rather than of the smooth visual 
type 

i 
whuzh WPBB ongr~ally used 111 the National 

Bum u of Standards lnstallatlon It was also 
found that If the tranamltter was keyed wth 
the “N” and “A” that pilots who were faruhar 
v&h ths form of keplng could fly the muho- 
range locrduer much better than mth the dot- 
dash ugnals When the equpment was on@- 
nally mstalled, the c0ui-x was appmxlmately 
e” broad, which It 19 understood IE the ndth 
dared III Europe However,Sthe conse~u8 
among all the pdota 111 this country who flew 
thw equpment WBS that the coursee were too 
mde A wnslderable amount of work we8 
done UI an effort to sharpen the coume When 
the couree was narrowed to appmxlmately 30, 
the results obtruned were greatly improved > 
By further marnpulatlon of the posltlon and 
length of the reflectoars, the cou-ae vadth was 
reduced to approximately 2’ Even though 
thu very d&r&z improvement of coulge wdth 
was made, the conse11~u8 was III favor of B 
further w&&on 111 the wdth of the coume 
It IE felt that the d6rence 111 magrutude of 
the two patterns should be st least one db at 
a pod lp off the center of the course for 
adequate courw sharpness mth mml opera- 
tmn, however, vnth visual operation the d&r- 
enca m pattern magmtude et the ~&me posltlon 
needs to be only 0 5 db provided the mstru- 
malt la sticlently seJM1t1ve to give B 100 
pointer defleehon 19’ off the center of the 
cour6e 

Another serious d&x&y observed was the 
fact that the &de path was smooth down to 
B pant lwt beyond the end of the cement 
runwey, at wbwh point the ghdde path took a 
de&&e dwe into the ground >Further t&s 
uxhcated that this ~~88 pnmanly due to the 
fact tbst the rsd~at~on was vertndly polarized 
and that probably the relnforclng steel LU the 

runways caused a very d&rite change 1~ the 
conduct&y wbxh affected the reflection 
coefficient sl5c1ently to give & very pro- 
nounced dxwontmmtg m the ghde path Tb 
featti 18 considered B mnou8 f&or, lnssmuch 
aa B bghway at the end of an airport would 
probably DBUBB a tiontnuty 1~ the &de 
path An oppoi-tumty has not yet been 
afforded to confirm thw aasumptlon How- 
.wer, It ls de&taly known that, r, the ghde 
path at Kansas ‘C&y, using vertxdly polarized 
w~vea at 85 mc, there was a dwontxxuty 
present 111 the ghde path et the point where 
the waves crowed over the rmer The Bureau 
of Au Commerce ghde-path antenna at In&- 
anapohs whxh was normally honzontally 
polrinzed was rot&d 80 that vertaxdly polar- 
md waves were dated Thw system tuned 
to 91 mc detitaly gave the same phenomena 
whxh was obtauwd on the Lxenz system 
UBLng B frequency of 33 3 mc From the data 
whch 19 at hand, It 1s felt that honzontally 
polarized wave8 should be wd for .&de-path 

Purpo=+ 
The fquemes whch ware wed r, the 

Imem equpment, namely 33 3 mc and 38 mc , 
are not b&wed to be srttlsfactory for a bbnd 
landmg system which would be wad wuver- 
sally due to the fact that r&&on from the 
Heavnde layer would occasionally cause m&r- 
femnce between stat~orrs separated by several 
thousand mdes Further, these fmquencva 
cannot be used KI the United States, loasmuch 
a8 thy part of the spectrum 18 alreedy crowded 
v&h pohce and forest&w-patrol ~~rv1ce 
Another tic&y n&h was encountered mth 
the Lorenz eqmpment was cress-modulation 111 
the au&o-frequency ampbfter wluch ampl&d 
both the marker-beawn frequenc~ea and the 
Rio-locabzer, ghde-path frequency It W88 
noted that when the shp was flown over the 
mner and outer muker beacons, energy from 
the marker beacons caused erroneous mduxtlons 
LU the &de-path meter and the i-@trleft mde 
cator Thn, however, was only for & short- 
tune mtarval and could easdy have been 
ehmmated by hanng separate aud~c&equency 
ampbfiers It IX understood that tJx tic&y 
dl be ehmmeti 111 later equpment 
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Thm sgstam 18 rrmque m that It gxvea sum&- 
tmteom md and sural lateral mdmatin 
Furthermore, the mmph~ty xnth wbmh the 
mud mdwataon IS obtaned should not be 
overlooked It 18 felt, however, that the 
advantage of hvmg both the vlsu.sl and aural 
mdmation IB not sticmnt where It 18 necessary 
to RxLcrJsm the effec~vmess of elthe‘r mdlc&t!on 
for the purpose of obtammg both md~catmns 
Expmenm mdlcstes that a vlsud mdlcator 
whmh operates smoothly and mform~ the ptiot 
whmh Eode of the coume he u off and the rnta 
at whmh he IS approachmg or lavmg the 
coum~ 18 the type of mdmator x&oh IS eaaen- 
tul !lh type of mdlcatlon not only glvea 
mmmmm eye fame, but has the advantage 
that autom&o fhght control may be r&y 
attached to the meter crcmta Although 
experlellce has mdlcatd that B fairly good 
mh-ument landmg can be made with the aural 
N-A signals, It VJ not b&v& that thy type 
of mdlcatlon will be “ltlmately used 

Testa conducted mth both the Lonmz and 
the Bureau of An Commen?e mstallat~ne m&- 
catad that, for e @van power, recalver 8enm- 
tlvity, and recavmg ~ntama haght, the pomt 
of contact “fang vertnlly pol8rized waves was 
at a &tame considerably farther away from 
the antams, structure than when urnng hon- 
aontdly polarized wave8 This IFJ a d.&xte 
advantage m that one of the ma,or lmutatlons 
of the prasant system 18 that the pomt of con- 
tact must be 80 close to the transrmttmg 
antan”@ that ms”501ent room 18 left on the 
mport for the airplane to mll to a safe atop 
Anothar obvlouB sdvm~e of the Lorem? 
system 18 that I3 mngle vertaal antama on the 
eraaft 18 uead for both the ghde-path mdma- 
tlons snd the locahzar m&cahons In sddl- 
tion to &la tiphiioatW.l, only one recaver 18 
requued for both of these mdnxtmne 

One of the moat mtarestmg features of the 
Lorem sydam, pornted out by Dr Enxmar, IE 
the fact that It IE pauble to c&b&e the 
recener by observmg the ghdepeth mdmat~on 
at the mdment the outer marker ILJ recaved 
For example, let It be FLs3”med that the m- 
plane approaches the outer markar at 700 feet 
imd ~tww tie ghde-path mddxcstor st the 

moment the out& marker bght on as dab 
operates It 18 only WC%aWy to m&tom the 
mme amplitude of the ghdepath metar and 
follow the glide path dewn mttil oonta& is 
de It IS pcmbk to detmmme tbk &i&de 
ab the outer markar by III- of a Eollanhn 
Elbk with an emr of not mom than pIus 
or mmua 40 feet and at t&s pomt select ane 
of the constant amphtnde field mtamty lmes 
md fly from the outer marker to tha~pomt of 
eontact mth the grmmd All of the points of 
contact xmth the grormd wdl be relatavely close 
to one another for all absolute altitudes be- 
tween 660 and 740 feet From tb, It may be 
eeen that It 18 only neaeeary that the trarrs- 
rmtter output be constant and the recaver 
senratlvlty l%mnln constant for 8. ptio&Qf 8 
htth over B mmute a”d B half T~u nm- 
pllo1ty m operahon ellmmates tile Imc@aty of 
memtauung the reze~er-a with sbaolutely con- 
stant mhvlty sdjuetmente and .&a elmu- 
natea the n-ty of checlnng the teaaver wltb 
B mlgml generator before m&l!Jg a landmg 
Expenence has mdrcated that tlua meghod of 
operation Ia entaely pr&otKal Another out- 
standmg feature of the eqnipmalt I8 that 1t 18 
opratd entirely on ultie-high frequanoles 
whoh are free from the annoyrag ef?ects of 
atmosphenc mt.xforence 

Udted Mr LInea and Bendtr Development. 

In 1934, the eqmpment oeally ‘iastalled 
st the Oakland Arport by the Netaonal Bureau 
of Standards was turned over to Urnted Air 
Lmes for further t&e and lmprovem&a 
Early m 1936 the Bondm B&o C!orporat&, 
agreed to cu~perate mth Umtod Au Lmes m 
carrymg on an extenelve pregrtu” of teata 
and lmprov~enta The msjor improvements 
whmh were made vnth the nea&ar,ce of the 
Bureau of Standards 111 an advlaorg capsnty 
were the ehmmnt~on of bends and multiple 
coura~s by “smg an ultra-high-frequency local- 
leer- 4 the “88 of elecctncal f%elE lnstarld of 
vxbratmg reede to separate the modulatmg 
frequencies, the use of a &“gle tia”Emlttar for 
both the ghde-path and coume md~&on, and 
the um of a meoherucal mdnfrequenoy moda 

lntmg dewa, wimh e.lmuwted the powbUy 
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of courw vanet~ons caused by ameaon dfler- 
enca m dual radm-frequency channels 

The lmpmved Bystem developed by Bendix 
and Umted h Lmee consisted of a crysta- 
controlled transmIttar operated on 91 me, 
whmh w&s used to amultnneously exo,ta two 
honzontally p&n& Ye@ arrays The ma,or 
axes of each of the patterns produced by these 
two arrays were dmplaced by an angle of 
Bpproxlmataly 40” The field pattern rndlated 
by each array was modulated by keymg the 
dmctm next to the antenne on one of the 
wrays st 70 cycles, mhde the cormspondmg 
director on the other srray wag keyed at 90 
cycles Th19 arrangement produced a eom- 
bmed ghde path and localuer course One of 
the malor dfioultw to be overcome m thLq 
system was the fact that dflerent headmgn of 
the sb~p would tend to gwe varymg rwenwr 
outputs due to recavmg antenna duechvlty 
This problem was solved by umng a honzontal 
loop whmh had a nondlreotional ohaructonst,c 
for honzontally polarized waves 

Another contnbution WBB the ut&atlon of 
the automatlo pdot m blmd landmg The 
method of apphcation consisted parentally of 
gettang on course wth the plane headed m the 
proper da&on, flymg over the outer marker 
beacon at the proper altitude and perrmttmg 
the automatic pdot to fly the suplane a8 It 
descended to the runway TIus arrangement 
greatly reboved the stram on tha pllot mssmuch 
aa It was not necessary for bun to mamtnm 
the plene m the proper ettltude mhde makmg B 
laudmg The pdot WBB able to coneantrrtte 
and mterpret the mdmahons of the woes pomtcr 
mstnment, makmg only sbght adlustmnnts to 
the controls of the automatic pilot aa reqmred 
In effect, the slrplaoe was flown down the &de 
path rtt apprexlmataly 90 rmles per hour 
After contact was made, the sutomatm pdot 
mamtamed the proper hesdmg of the airplane 
whde the throttles were slowly closed and the 
swplanr was brought to a stop by brakes 
Later m 1936 TWA combmed thev efforts vnth 
Umted Au Lmes and the Bend- Corporsta 

to further the development of the @am aut- 
lmed above Durmg 1936 and 1837 spprom- 
mately 3,000 hooded landmge were made on 
ths system m a Boemg 247 and a Douglas 
DC-3 airplane by plots from the varmu8 w 
hms, Army, Navy and Bureau of Au Com- 
merce 

Fnadamental Elements and F’rolected Developmant 

From the forogomg, It LY evldent that B con- 
sldersble fund of knowledge has been g-d 
from the numerous systems wbch have been 
described Each of the systems has Ita lmute- 
tlom although some are better than others for 
mskmg completely bhnd mstrmnent landmgs 
consistently under aernce con&tions 1’ In gen- 
eral, It may be smd that there are three own- 
tad elements m an instrument landmg spstmm 
Loeabzer, ghde path, and markers > A momtor 
system 1s necessary m order to mform the lend- 
mg system operetor that all elements are oper- 
stmg satlsfactonly An adlunct to the system, 
wbch 19 not described m tkw report ~9 the ~88 
of approach hghts for the purpose of provnimg 
the pilot or copllot wth B double check m 
ahmug the an-plane rvlth the runwsy under 
most cnndltions of poor vwbhty Theaehghts 
however, should be cnnsldered only as a supple- 
mental ad to thou nstrument landmg spstam 
usmg radm fscdeles Approsch hghta are now 
bemg mstalled by the Bureau of Au Commeroe 
at B number of alcp0rt.s 

Baaed on knowledge wcumulated aa B result 
of the expanence deacnbed, the an hnas, the 
Bureau of An Commerw, the Federal Com- 
mumcat~ons Commms~on, and the s&corn- 
nuttee on Instrument Lmdmg Devlc~s of the 
Radio Techmcel Comttee for Aeronautics 
have agreed 011 the fundamental elements whmh 
are neceawry for & umform mstrument landmg 
system These elements are &B followe 

I Runway locabzer 
(a) The runlray locabzer should operate on 

an ultra-bgh frequency, preferably m the 

band 92-96 mc or, d the localmer truns 



mlttar Is opemted aa 6 separste llnlt, M 
the band 10~112 mc 

(6) Strrught COUIBB, 1 e , one whwh haa no 
bends or multaple courwa perceptible t.a B 
pilot flung 1IL shll nu 

(c) The dd%renae m the mtagrutude bf the 
two patterns of the locnbmr should be 
0 6 db at 1 b0 ather mde of the center hue 
IB meaenred with B linear d&&or 

(d) The v&Cal needle of the cmwpointi 
mdmhr should gwe B 10~ d&&on mdi- 
cshon for a 1~’ angular den&on fmm 
the center hnne of the runway 

(e) The range of uea a3 B runway locabza 
should be 20 rules at 3,000 feet 

(j-j Fhedom from lI.hrf~ence pattern effects 
perceptible to the pilot both m elevation 
and wamuth. 

C&de path 
(a) The gbde path should operate on an 

ultra-bh frequency, pmferebly m the 
band Q2-W mo 

(6) A smooth &de path should be pmvlded, 
1 e, one whxh IB free from interference 
pattern effecta pecep~ble to the pdot 
when on the locabzar COUIBB. 

-b (e) The system should be cape le of adlust- 
,~ -mad to pmvlde B sutable ghde path 

3 WerKera 
J (a) The markers should operate on 76 mc 

(6) It Bhould be posmble to pomt~vvaly ldentlfy 
each marker both wrnlly and vlaually\py 
modulation and keymg Modulation fm- 
quency of the mner marker should be 1300 
cycles and that of the outer marker should 
be 400 cyclea 

(6) A normd arrangement of markers would 
be 

(1) At the normal lntersechon mth the 
gbde path 

(2) Near the boundary of the rurport, the 
exact loc..st~on to be deterrmned by lo@ 
eOdltl0~ 

I 

uB&llindtca~onsofafl6UJda~~ 
700 feet &her ade of &e on-comae PI&I 
and for 300 feet along the gbde-path In- 
]ectclry Indlcatlons from thin rlmrh 
should be recewable to an &bode of 
2,ooo feet 

(e) The outer mrukern should have alliolent 
power to llC.comph0h a~arvlsualmdl* 
bon w&h the mum beem p&an at 2,000 
feet 

1 Momtor aystam. 
(a) Satmfactory meana for mdlcatulg s&u- 

dly the opemt~on of dl eqmpment shouId 
be provided at a central pant. 

(6) Whatever form of vleual md&ation may 
be employed should be smooth 111 pafwm- 
anca and have no wregular churacteti~cs 

5 Ganmal CharaotemtiCa 
(a) Fhqumloy of emlsslon of au of the 

elemants of the system should be ~qruvalent 
to that obtsaxl mth FL low-temperature 
cne5c1ent quartz cry&al. 

(6) The number of ii& or portable eqwp- 
menta reqwd dl depend on cotit~~ooms 
prevadwg at m&vldual auporta. 

(c) The mstrdlution of the foEsgolng equip- 
mad should not wnstituta an ebstxnctlon 
to B normal approach to 8 ruaway 

i Appmechbghti 
(a) The mtdsbon of the best known tspe 

of approach and ruw~~y hghts appears to 
be II most dearable rneasl~~ m coxnbmatmn 
wth lnstrumsnt landq faahixa. 

f. ProJectad development 
Ad&tntally, wrtun dewable featurea abould 

m provided depadmg upon the state of the 
u-t and expenance obtauied. These represent 
mpmvementa over and above the performance 
10 be obtamed from the fundamental equpment 
Lnd am NIL no sanse a substitute for ~ucb 
qwpment nor do they reque the redeagn or 
~eplacamtlnt of BUch equipment 

(a) The idumon of sutable ememm for the 
opemt~on of a m&o compass ather by- 
(1) The utibzat~on of the ultra-hgh-fre- 

quency runway locabzer If pm&cable, or 



the matallatmn of a low-powered low- 
frequency transrmttar ndlacent to tbo 
runway locabzer 

(a) The eqmpment provided should be 80 
designed 88 to fac&tate poaslble ultlmatc 
uhllzatmn (wth accessanea) m R fully 
autmnstlc landmg system 111 con]lmctlon 
with a gyropIlot 

(c) Conslderehon should be gwen to posalblo 
separatmn of locabzer and gbde-patb 
trenmmttar functmns m order to- 
(1) Penmt alteratmn of ghde path 
(2) Accompbsh mdependence of hornontal 

and vertical mdlcahon 
(d) Study should bo made of the posslblllty 

for obtammg a straght lme constant rate 
of descent gbde path 

Work IE gomg forward m B number of 
agmmes, mcludmg the Bureau of ALC Com- 
merce, along these lmes 

DISCUSSION 

It 18 beheved that instrument landmg systems 
lnstalled at a number of the major ur termmale 
would add matan~~Uy to the safety of rurwav~ 
operstiom At present, the major anlmnes BE 
plwunng to m&all a number of mstrument 
lnndmg nystems bavmg the fundamental elf- 
manta prevmusly outlmed These Bystems are 
to be used on an expenmental baaa pnmnrdy 
for pdot trammg Whde the eqmpment wluch 
can be produced at thw tune 18 oonslderwl 
setufactory for tL purpose, It 19 b&wed that R 
year’s further development would add much I” 
the way of rebabfity end ensa of mamtanance 
Because of the considerable expense mvolved 
and also to serve the ends of standn3rzetmn 
and coordmahon, It 19 b&wed that eventually 
mtrument landmg system should be mstalled 
and operated by the Bureau of An Commerce 
In view of tis, It ra b&wed that the Bureau of 
An Commerce should sponsor further develop- 
ment m the mdustry along the lmes m&c&ad 
under “Prolectad Development ” 

Another pomt to be oonadered 19 tbnt xnth 
the mcreamng number of arcraft bemg du- 

patched to and from anports under combtmns 
of restncted calm@ and vwbtity, the av- 
tra5c problem is becommg mc~re eoute Under 
present COr&lOnE at * well-regulated tTr&c- 
control center, each airplane 1s allowed B maxi- 
mum of 15 mmutes for landmg under the worst 
poaslble con&tmns It 18 beheved that an 
mstrument landmg system would contnbute 
to the solutmn of the arways traffic control 
problem by reason of the fact that more slllps 
could be landed and d-patched per hour at ri 
busy termmal durmg bad weather comhtmns 
An mtmment hndmg By&3m would r&eve 
the present “bottle neck” by reducmg the tune 
requr-zd for landmgs aa It would furmah the 
p&t xntb precise mdlcatmna of the proper 
com-ae and ghde path down to tbs pomt of con- 
tact with the runway 

CONCLUSIONS 

The moat u&factory system xx one that ~98s 
ultra-&b frequencms for each of the three 
elements outbned m the foregomg ultra- 
hh tiequencms have the outstandmg advan- 
tages of bemg practxally free from atmosphenc 
disturbances and of ut&mg smsller and more 
e5cmnt antennas for both plane and ground 
With ultra-bgh frequencms, It 18 possible to 
obtam strught comwan mthout bends or mul- 
t~ples by properly locstmg the looahzar vnth 
respect to reflectmg oblects In the malonty 
of casw, It 19 lmposslble to obtam straght 
courses mth low frequencms, partxxlarly m the ’ 
vlcmty of irregular ternun, radroads, Qh 
buddmgs, and transrmsaon hues Strtught 
localuer coumes may be obtamed usmg ultra- 
high frequenaes nth &her verlxally or hon- 
zontally p&rued WFLVBB With the &de path, 
bowwar, It 16 necessary to u8e honzontally 
polarned wives m order to obtnm B relatively 
anooth path to the pomt of contact mth the 
runw,~y The markers should UBB hormmtally 
p&rued waves and the antenna array should 
have s&&lent dlrechv&y to gwe & wdth-to- 
thickness rat10 of at least 4 to 1 
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BECOMMENDATIONS 

It s recommended that the Bureau of Au 
Commerca sponsor further development work m 
the mdustry along the lmea outlmed m “Pr+ 
~ected Development” under “Fundamental 
Elements and Pm@ed Development” to 
brmg the eqlupment to B pomt of p&e&on 
whmh wdl preclude the pcumbhty of early 
obsoleec¶nca 

When the above work has been carned to 
the pomt where the eqlupment meats wth the 
approval of cdl axwarned mtb regard to both 

option and BBB~ of mnmtenatxa, It LS iworn- 
mended th@ the Bureau of AU Commenr 
pumhnae, rmhll and operate a number of 
the mstrummlt lfbdng systema st vnnouB 
furports throughout the Umted Stated on rm 
expermmti basis 

It IS further recommended that when thaw 
haa bean accompbhed the Bums” carry out a 
lohg-range program of blmd landmg develop- 
mant and unprovem& nut&r to the program 
whmh has been followed anth regard to develop 
ment and lmprovemant of r&o ranges. 
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