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General. 
The Bell Aircraft automatic landing eystem is comprised of a Eervo 

loop conteinlng a precision tracking radar, a flight path computer, and data 
link, all of which are installed on the sound. A data-link receiver, a&O- 

metic approach coupler, end en automatic pilot are required in the aircraft. 
In operation, the radar detects and tracks the aircraft end furnishes position 
information to the computer. The computer compares this mnformationwith the 
desired flight path, and passes correction signals in the form of lateral and 
vertical commands to the data-lx& transmitter. Ihe date-U& system trans- 
mite these correction signals to the aircraft, and the aircraft receiver, in 
turn, feeds them to the automatic pilot through the approach-coupler eystem. 
The automatlo pilot Frforms -the necessary correctiona in the aircraft 
poaztion, thereby completing the Bervo loop. Figure 1 illustrates the 
principles of eyetem operation. 

Radar. 
The radar operates at 36,000 MC and employa a k-foot parabolic 

reflector which producee a beam width of 0.5". The pulse width is 0.2 micro- 
second et a rate of 2,000 pulses per second (~8). A conicel acan at 50 cy- 
cles per second (cpa) la employed for greeter precieion in tracking. The 
conical &o&n is produced by feeding energy from the transmitter through a 
circular waveguide which is contaiued in the shaft of the BCB~ motor. At the 
end of the waveguide, and directed et the reflector, is an eccentric aperture 
from which the reflector ie illuminated. The deeentered lobe of radiation 
thus 8can8 conically about the axis of the reflector. !i%e radar trmmitter 
uses a magnetron, and the local oscillator u8ea e KLyntrcn. Range, azimuth, 
and elevation tracking circuitry are essentially conventional. Primarily 
beccuse of the high resolution of the system, it is desirable to in&all a 
small corner reflector (approximately 10 inches on a side is adequate) on the 
aircraft. 'Ihis is done to provide a predcminate reflection point on the 
aircraft. In the absence of such a point, the radar is prone to cecillate 
between two or more points of etrong reflection; for example, between the several 
engines of a multiengine aircraft, 

During the period of the tests there was no eignificent rainfall. 
It is reported by Bell engineera that the system operates satisfactorily in 
rainfall up to 10 millimeters per hour. To increase immunity to precipitation 
further, a new antenna, which optionally provides linear or circular polari- 
zation, la under develomnt. One caBe of a completely euccessful. landing to 
touchdown in aclrivingenowstormwa8 reportedbyBel.l engineers. 
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Computer. 
The computer receives aircraft position in three-dimensional polar 

coordinates from the radar with range tiormation corrected from slant range 
to horizontal range. These dimensions are converted to rectangular form and 
corrected for radar offaets from the desired touchdown point in all three 
dlmemlon8. An additional correction may be inserted to compensate for the 
height of the corner reflector above the ground at touchdown. Other functions 
performed by the computer include limiting the maximum cozenand signals which 
can be traramitted, reducing thi8 maxumim limit et a preselected distance from' 
the touchdown point, and providdng increased sensitivity eB the aircraft pro- 
ceeds along the landing path toward touchdown, Basically, the computer, an 
analog type, compare8 the position of the aircraft with the desired track es 
determined by the above and other con6ideratlon6, and sends correction 8iepaJ.s 
of the proper type to the data-liok transmitter. 

Data Link. 
The type of date link employed is not critical to system operation 

end any of several types of data 1uJce may be, and have been, employed. 
Obviously, xf the system ultimately is to be universal, either a standard data 
link must be developed or there muat be sufficient flexibility in sound data- 
link tranamittrng equipment to accommodate the data-link system installed in 
the aircraft. The date link employed in these tests made use of two trana- 
mitters on the ground, tuned to the glide slope and locelizer frequencies, 
respectively. Radiation frcnn these tranemitters was essentially omnidxec- 
tionel and each was modulated with the proper ratio of gC/l+cps control 
voltagees 28 determined by the correction signals from the computer. In this 
manner any aircraft equipped with localizer and glide-slope receivers may be 
landed with the Bell landing system. If the aircraft ia not equipped with 
an automatic pilot, the lending may be performed manually by visual reference 
to the crosspolnter instr~nt. In addition, it is possible for e ground 
controller to "talk down" the pilot 28 in CGA or PAR operation. In this ce*e, 
there 10 no date-link requirement other than the voice communication channel. 

Flight Teste. 
A total of 29 approaches were made on the system, 20 of them %nth 

the Center's DC-3 aircraft N-181, 4 of them in e DC-3 aircraft owned by 
Safe Flight Instrument Corporation, and 5 in a Cessna Model 310 airplane. A 
number of approaches were started but not completed due to trY"ic wave-offs 
and other ceuaea not involving malperformance of the landing syatem. Of the 
approaches completed, 16 of those pegformed in N-181 were successful. to 
touchdown, 3 of those conducted in the Safe Flightaircraftwere succeseful. 
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to touchdown, and 3 of those conducted in the Cessna 310 were succeesful. to 
touchcloLn. ‘Ihe percentages of ~ucce88 are shown in Table I. 

TABLE1 

PERCENTAGE OFSUCCESSFUL APPBOACBES 

N-181 
Safe Flight 
Cessna 310 

Approaches 
Completed 

20 
4 
5 

Touchdown No Touchdown 

16 4 
3 1 
3 2 

Percentage 
Successful 

a0 
75 
60 

Total. 29 22 7 75.8 

There follows a chronological description of the different approaches 
based on the comments of an observer In the aircraft. 

RECORD OFAWIOMATIC UEDINGS MADE ONBEILSY'STEM 
ATNIAGABAFALT-S AEDBDFFALO, NEWYOBKAIBPOB5 

Tne fast flight was made August 19 Fn the Center's aircraft, N-181, 
with no corner reflector, usmng the IIS localizer frequency log.3 Mc and 
glide-slope frequency 332.0 MC aa the data link. The first approach brought 
the airplane 75 feet to the right of the centerlme of the runway, which 
indicated that possibly Bome of the controls were not set properly in the 
Bell trailer. 

The second approach was made at 105 - 108 mph and a successful 
automatic landing was made to touchdown. 

The third approach was made successfully to touchdown. Tne airspeed 
at contact was 90 mph. 

During the fourth approach, the maximum deviation of the glide- 
slope indxator ehowed the aircraft to be 2 l/2 dots above the glide slope 
over a considerable portion of the apprcach. Airspeed over the runway was 
96 mph. The automatic pilot was disengaged because the arrplane was flared 
off approximately 5 feet above the runway, and then the control caused a dive 
which mlgbt have injured the landing gear. 



5 

On the fifth approach, the maximum deviation of the alrcraft Was 
2 dots above the glide elope, appzoxlmately 3 miles from touchdown, corre- 
spend.ng to 20 feet above the glrde slope at that porn%. 'IFne maxmwm de- 
fleckon of the localizer pointer wa8 one-hal.f dot to the right, corresponding 
to 30 ?eet to the rq$t of the runway. A landing was made 37 feet to the 
right of the centerllse of the runway, 

The sixth approach wa8 made by deliberately lnterceptlng the gate 
6nO feet to the right cf the runway. Tne aircraft cons~t~nt'ly flew 2 to 3 
dots above the glide slope. By visual observakon, tie alrcraft appeared to 
be ep?roxmately 0.3" to the rlgbt o f tie centerlme of the runway. De air- 
craft landed approxlmatzly 30 feet on the r&t-hand srde of the centerline 
of the runway, and a a~c~essful landmg was accomplished. 

Low amplitude but rapid oscillation o? the radar antenna wae noted 
on the ground. The antenna centers on the strongest radar target return rrhlch 
varied UI ramlom fash;on between the two ongnes and the no8e of the alrplane. 
On the evenmg of August 19, a corner reflector, approximately 10 inches on a 
side, was installed in front of the alrspeed mdicator flusport. The corner 
reflector eliminated all of the oscillation on later flights. 

On August 20, the seventh approzh wa8 made. An osc~llat~n of 
1 l/2 dots was observed on the glide slope. The localizer pointer gave a 
aatlsfactory mndlcation. !i%ere was no flare III the glide 810~ and the . 
aircraft was laded short mth a nerd landing, approximately 1.6 g. 

l'he eqhth approach was made with a plus- or mlnua-1 dot oaclllatlon 
of the glide-slope pointer. The aircraft landed 13 feet to the right of the 
centerline of the runway, and a very smooth automatic landing was accomplished. 

On the ninth approach, the alrcraft w&e. one-half dot under the glide 
slope at contact. An excellent landing was made with the locallzer mndrcator 
centered; however, the landing was made 20 feet to the right of the centerline 
of the runway. The glide slope wa8 smooth with no oscillation. 

On the tenth approach, the aircraft landed 17 feet to the rqht of 
the centerline of the runway and the maximum glide-slope deviation observed 
was 1 l/2 dots, corresponding to 15 feet above the glide slope. The localizer 
m.Xcator was centered during the entire approach. A successful landing was 
made even though the alrspeed over the edge of the field was 130 mph. 

011 the eleventh approach, touchdown w&a accomplished 100 feet in 
front of the trailer after leveling off high and dropping down at the last 
mmute. 'Lb15 Was a succeesful approach. 
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On the twelfth approach, a successful landing wa8 made; however, 
thz alrcraft landed 50 feet to tie right of the centerline of the runway. 

A%e thirteenth approach WEB Made by disengagmg the automatic pilot 
and mahng the asproach entirely by manual control with the mformation fed 
to the locallzer and glide-alope lndlcatqrs. '.?le approach on tie local~~er 
was good, however, the glide-alope flare caused balloonTag. A successful 
landing was made. 

The fourteecth approach also was made rnwtily. The glide-slope 
udicatlons were aaLlsfectory, the Localjzer a1lgoment was good, and a very 
smooth land;ng was made, 

Next, flights were made in the Safe Flight au-craft, whhlch was 
equipped VLSI a Bendix FE-10 sutcmatlc pIlot and a Safe Eight atutude 
automati throttle control, On the fifteenth ap%-oath, +he aircraft wa8 
"locked on" 400 feet to the left of the centerlyne of the runway at 109 mph. 
This average speed was maintaIned to ccntact; however, cozalderable oscll- 

latlon was observed. Excessive aileron control occurred after passing over 
the edge of the field. A satisfactory landmg was made. 

On the si?.teenth approach, the following obeervstions were made in 
order to determine the effectiveness of the automatic throttle *CD was con- 
trolL=d by %he alrcrait attitude. The speed of bo+& engines was mazntained 
at 2,300 rpm. The mformatlon in Table II was recorded periodically. 

TABLE II 

AUTOMATIC TELROTTLE CONTRQL APPROACH DA'PA 

Position Airspeed Ma~lfold Pressure 
on Approach (lulots) (h-&es water) 

Approachmg middle marker 
Middle marker 

Inner marker 

105 
104 
102 
105 
100 

95 
100 

26 
16 
22 
25 
17 
l3 
21 
16 
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The aircraft let down to an altitude of 2 feet above the r~nmy when aligned 
30 feet to the right of the centerlzne of the runway. Ae a oautlonary mea- 
an-e, a landrng we8 notsade. '5e temperature recorded at 1,300 feet MSL 
W&S 210 c. 

%e seventeentll approach wae made enterlng the gate *t 4 l/2 miles, 
1,500 feet to Ihe rl&t. of the cente*lme of t&e runwey at115 mph. The *Fr- 
craft lmmeaiately banked to the left and picked up a head1r.g which caused it 
to bracket the centerline of the runway. On the approac'l, "he maximum deVi- 
ation of the glide-elope conrm~nd signals w&e 3 d&6, mndlcating the aircraft 
was 30 feet above +&e glide slope. Excessive banking occu?red over tie 
runway, however, a satisfactory lending WEB made. 

The eighteenth egyoach wa8 made by decreasing the amplitude Of 
correction signals transmltr,ed to tie aircraft by a factor of 2 to 1. TMS 
resulted In a much smoother appronch, with leas oacillatlon end banking. A 
very smoo"%l lending wae made. 

The next approaches were made 111 the Cessna N-31OW. 

The nmeteezti approach wae made intercepting the gate at 112 mph 
with 18.2 inches menlfold pressure and 2,300 m. The glide was maintained 
at 100 mph with 13.0 inches menUold pressure end 2,300 rpm. The aircreZt 
descended &pproxlmately one dot under the glide slope, with the localizer 
indications aligned with the centerline of "he runmy. A good automatic 
landing we8 made with fla-e on the centerline of the runway. 

The twentieth approach was made entering the gate at 110 mph with 
17.5 inches manifold pressure and 2,300 rpm. The descent down the glide 
elope wae et 102 mph end with 13.5 inches manifold preeeure and 2,300 rpm. 
The aircraft landed successfully on the centerllne of the runway at 90 mph; 
however, the aFrcraft touched down rather hard. 

The twenty-first approach was made entering the gate 2,100 feet to 
the right side of the centerllne of the runway. l?ne locallzer course w&e 
brackted without oscillation. The automatic pllot w*a extremely tight 1n its 
control, and aileron action was extremely fast. This wan noted mostly between 
two and five miles from the airport. The control was much smoother from two 
miles to contact. A very smooth lending was made at 90 mph on the centerline 
of the runway. 

Approaches 22 and 23 were abandoned due to egtremely violent operation 
of the equipment, apparently caused by radar or eervo failure in the ground 
equipment.. This concluded the tests on Auguet 20. - 



on August 21, the equiment was moved from the Niagara Falls 
Airport to the Buffalo Alrport wYese tests could be corducted in ConJunctlon 
mth the standard IL.5 system. 

!Che twenty-fourth appoach was made manually on the lL?. The 
locallzer alignment and glide slope were found to be good. 

The twenty-fifth approach wa8 made using the automatic approach 
coupler on the IL? from a distance of six miles to four mrles, !mis auto- 
matically placed the au-craft In the center of the gate four mile.3 from the 
end of the runway. The m receiver wa6 changed from the localizer frequency 
110.3-MC channel to the data-lti channel log.3 MC at the gate. When this 
change was made, the camand algaal showed two dots dot~n, indicating that the 
aircraft was 20 feet above the Bell glide slope. !Chis command pibched the 
aircraft do-n-7ard suddenly; however, the aircraft bracketed the new locallzer 
course ad. glide slope tlmouthly to make a succes.Cul smooth 1dFng. 

On the twenty-sixth approach, the same general procedure was 
followed; that IS, * automatic pilot waB engaged on the IIS six miles from 
the alrport and flown to a point approximately three mile.9 from touchdown. 
At three miles the Bell automatic landing equlpmetlt was engaged and a sudden 
down command of approximately four dots wa8 given. The glide slope en;2 local- 
lzer were bracketed ezd the flare wa8 made; however, the flare ~88 too high 
and the aIrcraft tended to pitch downward exceBsFvelg at the end of the flare. 
No contact wa8 made on this appoach. 

On the twenty-seventh approach, the automatic approach equipment 
w&8 engaged with the IIS six milee from the airport. When the gate was 
entered. at four miles, the Bell system was engaged, the aircraft pitched 
downward, bracketed the locallzer course and the glide elope, and successfully 
landed itself on the centerline of the rmway. 

The twenty-eighth approach w&o made entermg the gate at 
approximately four tiles, locking on the Bell system. A very smooth landing 
wa8 made on the oenterllne of the runway. At contact the ao5nand signal 
showed that the aircraft wa8 receiving a 1 l/2 dot up command. This caused 
the nose to be in a noae-high attitude, which accounted for the very smooth 
landing somewhat short of the calculated touchdown point. 

On the twenty-ninth approach, the maximum deviation of the aircraft 
x&E 1 l/2 dota above the glide elope after bracketing the glide slope and 
localizer course. No touchdown was made during this approach because the 
amcraft leveled off approximately 10 feet above tht?%unway and was at thle 
altitude when passing the trailer 40 feet to the left of the centerline of 
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the runway. A very definite flare wa.g observed; however, the aircraft 
seemed to fly approximately parallel with the surface of the runway for a long 
time whhrle passing the Bell trailer. 

The thirtieth approach wa8 made but no Lou&d&n was accomplished 
because left comma&~ were being received L,. +-*L the airplane wae approaching 
the runway, which would have caused ceie wheel to land cff the runway. 

Aaproaches were then made in the Cessna at Buffalo, but none of 
these was completed due to a defective radar unit in the Bell equi&ment. 
Thie concluded the fli.ght tests at Niagara Falls and B-u-??alo. 

DISCU3SION 

General. 
The ground equipment. with the exception of the basic radar and 

antenna, wa8 housed 111 a trailer which also conLained excellent proviSlon8 
for recording continuously the performance 0, f various system components and 
the actual position of the aircraft along the lending path in three coordi- 
nates. In addition, an X-Y recorder w&8 used to provide a plot of dietice 
veraua altitude. Recordinga produced by these devices exhibited close cor- 
relation with the observations of pereonnel in the aircraft titb reepect to 
both rouqbness and displacements, Command aignals fed to the data-liri 
trazmznitcers also were recorded on the ground m terms of dots up or down and 
right or left. The colmzards as received in the aircraft were recorded simul- 
taneoualy, end on one series of flights, range marks were euperimposed on the 
ground and aircraft recordings simultaneously by means of voice communications. 
Using the range m&-k8 for correlation, the tranemitted command siels were 
plotted on the same graph aa the received c ommand signele to determine the 
over-all fai+tifulness of the data link. Figuree 2 and 3 are graphs of thie 
type for localizer and glide elope, respectively, for a representative flight. 

Acquisition. 
During the tests described in this report, initial acquisition of 

the aircraft was accomplished manually. The eyetern hae more than adequate 
semitivity to detect end track aircraft at ranges up to four miles and the 
acquisition gate can be set where between this dis+ance and distances a8 
little as one mile. The procedure followed during these tests was a8 followa: 

1. The pilot was Fnstructed to fly to a point approximately 4 miles 
from touchdown at an altitude of @OO plus or minus 100 feet and requested to 
be within plus or minus 1,000 feet of the extended run-,ray centerline. 
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2. AB the aircraft proceeded at 800 feet altitude along the approach 
path, an observer on the ground, d;ng an A-type display connected XC the 
radar reL?iver output, posit;oned the antenna in both azimuth and elevation 
thrcugb 'ae of calibra+ed control knobo adjacent to tie display. Superimpceed 
on the display was a range gate. When the aircraft tug.32 return was masi- 
mlzed and the target was at the leading e&e o? +hls gate, he would operate 
a "lock on" switch . 

3. firm this ncme-,t on, the radar antenna automatlcaliy tracked the 
aIrcraft, adJu3tlng itself ln both azauth and eleva?lcn a9 >he aircraft be- 
came decentersd Prom th.e axlay 1nterrect7on 0r Ze conux31 sc2n. Wnen the 
alrcraft was "locked on" the pilot would be 60 advlsed by voace communication 
and requested to engage tke automatic pllot. It is not recessacy, or coume, 

that the aubmotlc p11ot be engagea in order to provide contlnucLla track 
lnfomfmn 03 the aircraft at +ae gmun?. statlo;; hcwever, Lie servo loop is 
not completed until the automat*c pllct has been engagd. 

Obviously, a second landmg alrcraft cannot be ha;ldled until +he 
preceding aircraft either~?zas lcnded or executed a missed approach. This 
problem can be solved by the inatal3ation of a second. radar and Drovialcn for 
an addltional data-lank channel. WI+& an entry gait at four mlles, approxi- 
mately two minutes are required from the time the alrcraft 16 engaged until 
it is released at tcucndown. If a higner landing rate is desired, either a 
second system must be provided or the entry gate must be moved closer to the 
runway. In actual practice, an nz-craft can be "locked on" auccessfl;llg and 
brought to a satisfactory touchdown If ito lateral poslticn at the entry gate 
18 consldorably more than 1,000 feet off the extended centerline of the rawag. 
The amomt of offset which can be tolerated depends upon the distance of the 
entry gate and the characterletics of the airplane, a finite time being re- 
qulred to make groes corrections without excessive overshoot. Since the ac- 
ceptable alrspece limits of the entry gate are not large, it follows that a 
reasonably accurate guidance system must be provided to ineure passage through 
the gate prior to the time that the landing system takes over. IFhe CAA ILS 
is more than adequate for this pzpose, and m most casea, it is believed that 
the current standard short-range navigation systems alao are adequate. 

Flare. 
A particularly desirable feature of the Bell landing system is the 

PrOVisiOn for a flared landing. By appropriate adjustment of the flight path 
computer, substantial varlatlona in glide-elope angles can be effected. Durmg 
all flight0 conducted during the period of the tests covered by this report, 
the following aide-slope configuration was employed: 
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1. Thhree degrees from "lock onW to a distance of 2,500 feet from 
touchdown. This corresponds to an altitude of 48 feet. 

2. he and three-qruters degrees from 48 feet altitude to 16 feet 
eltltude. 

3. Three-quarters degree from 16 feet altitude tc touchdown. 

Figox.? 4 ~llu~+~a~&c tYe speclfx geometry of the glide slope from 
e dmtance of approxunately k9000 feet to toucndo-m. 

Du-ug the fli3t.s at Etifalo where CA4 ILS equipment also was 
available, automatx approaches prior to ar=~val at the x-&-y gate were made 
on the TL.5; and when the pilot wau advlsed by the ~;round controller that "he 
alrcrrft was "locked on", fyequcacies of tie glldz-slope ana locelizer re- 
cexe?a p'ere changed to ibose employed by '&e Be:; syszs data-M& trazls- 
a1tter. In every mnstamr, a strong down co;rmmd was received et this 
tranaltlon point. This was to be expected, mnasmuch .a8 the initial glide 
slope of the Bell system was at the same angle 88 the ILS aide slope, end 
boL% eystems were set hp to employ +ae 8ame touchdown point. Eence, incorpo- 
ration of the final flare in the Bell syc%cm made 1% necessary that the 3" 
Fortion of the Bell glide slope fall lower III altitude Wan tne ES glide 
slope, as illustrated in Fig. 5A0 If coincident glide slopes are o~eraticnally 
desirable up to the point of the uutial flare, it wo-&d be necessary to move 
the touchdown point of the Bell syetem further down the runway a8 ehobz 1~ 
Fig. 5B. An altexative method of provldmg coincidence of glide slopes at 
the transitlon pou-& from one system to another would be to employ a ell&tlg 
eteeper glide slope on the Bell system ad make the transition at the point 
of lntereectlon of the two glide elopes a8 shorn in Fig. 59. In all flight.9 
at Buffalo Airport, the locallzer transition w&8 very smooth. 

Fail-Sefene.36. 
Conslderlng the functions perMu?zffed by +&e landing system and its 

flexlbllity and preclslon, the system is relatively stiple, a fact which sho-dd 
contrIbute to over-all reliabillty. However, a nunbe: o: observations made 
during this series of tests pointed up the need for 8ome form of monitoring 
and introduction of fall-safe circuts where possible. Specifxally, on one 
Occaalon the servo loop used for tracking the radar antenna in azimuth and 
elevatlcn exhibited Borne sort of malperformance. !Fhie wa&g during an approach 
being attempted in the Cessna 310 aucraft. Thle malperformance wa8 manifested 
On the groUnd by circular osclllatlon of the radar dish, and m the aircraft 
by very violent up and down commands in rapid successicn. It was repcrted by 
an observer in the alrcraft that the au-craft attitude changed from -10' to 
+20° almost instantaneously and resulted in a stall-warnmg mdication. 
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Fortunately, the alsrraft uas several hundred feet above the ground at this 
time. On another occasion, the p'lo t of N-161 was adv:scd that he Was 
"locked on" by the radar when 111 reality a second aircraft had been detected 
and "locked on" by the radar. Almost -mediately It was apparent to both tee 
ground controller and the pllct that a mistake had been made, however, 
clrcumstanc>s can be Imagmned rthere such a nfs+&e m&t go ucnotlcsd. 

It 1s not posssble at th:s tllne to err~ve at other than the most 
tentative co~lus~na; however, on the basis of the tests hecenn described, 
t?e Beii 3sncLng system zppears to possess an inherent precision euperlor to 
tint provided by comor,ly used larding systems today. Among qUeEtiOn.3 a3 yet 

not e-si;ered 1s the prac%lcabl:iC,y of retaining th~3 precision throughout the 
cc@-:a servo loop , partlctierly LZ the approach cou,iier crd automatic pllot 
xi the sIrcraft. Obviously, any new lands, m SYSGZI intended for use wlthm 
the Comnon System should be applicable to m~any types of aIrcraft, In general 
tenas, the Bell landing system may be described as a ayatem reqzrmg minimum 
aircraft equlment. Ihis 1s true only of the majority of already installed 
approach couplers and automatic pilots can contrcl the alrcraft posltlon to 
the precision requrred, asoumlng vrlld command algnals are supplled. If the 
differences in exiatlng automatic pilots and differences in adjustilent of the 
same model automatic piiots in different aircraft place a requirement for 
slgnificaat ccm~ensatlng adjustments on the ground on an indlvldual aircraft 
basis, widespread acceptar,ce of the system by aircraft operators 1s mot 
likely. However, 1 the majority of autcmatlc pilcts and coupler units can 
be adjusted to a fixed set of standards compatible with the system, th1.s 
technique appears to be practical as an automatic landing system. 

On the basis of two manual approaches conducted to touchdown, the 
3yStem 1s equal to exlstlng systems in flyability during the earlier part of 
the ap_nroach path and better at altitudes belo:g approxMately 200 feet. 
Implementation aa a manual system, although not requlrmg an automatic pilot, 
would require a data-lmk channel In the aircraft. It appears that this de- 
vice could be relatively simple, perhaps operatlng on a comnunlcatlon channel 
through existing axborne receivers, with a small translator box at the output 
of the receiver for converting c ommand slgnala to a form suitable for oper- 
atmg a crosspointer instrument. In aircraft already equipped mth ILS, it 
1s possible that one of the present ILS channels could be utilized as a data 
linlr SimLlar to the manner employed m these tests. 

Before firm lecommendatlons can be made with regard to civil use of 
the Bell landing system, more exhaustive tests must be performed and studies 
must be conducted to determine the degree to which the service provided meets 
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operational Lxquirenenfs and represents a substantial and progressive step 
m the solution of the over-all air traffic control proA3~ Particular 
emphasis c'loY~.d be placed on determlnmg Athe susceptlblllty to precipitation, 
t?e practwablllty of mtroducin g adequate monltor;ng and fall-safe features, 
and the pro'c:t-ms abgoclaied with standardization cf approach couplers. It 
1s reco~z-men?zd that these tests n;id studies 50 conducted. 
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