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THE DEVELOPMENT OF A STRAIGI1T-LINE GLIDE PATH 

A constant lntenslty type of glide path was developed and lnstal‘ed at 
t?e A"m1n1stratlon's Experimental stat1on In Inalanapolls In 1935 In this 
system the resulting path wss curved and parabolic m shape However, pllots 
1nclcated a preference for a straight-lLn n tvpe of path where the rate of descent 
renalned at an essentially ccnstant value The orIgIna curved constant u,tens,ty 
patF, was rrodlfled to provide a more nearly straght-line path but s"me degree of 
curvature still rerralned 

Early Independent studies by Mr H Elamond of the llatlonal Bureau "f 
Standards and Mr D b Stuart of the C~VL: Aarcnautlcs Admxustratlon IndIated 
that a straight-line equl-signal type of ;llde path would be superior xasmuch 
as varlatlons In rece;ver sensltlvlty or trarsmltter power output lould net change 
tt.e angle of the &de path The pati- would be caused by the overlapping of 
patter-,5 in a vertical plane ynth each lobe n'adulated mth a different frequency. 
This system was tested in 1938 and later developed to the eAtent sh"Wn u, thx 
report 

It 1s concluded that a satisfactory straight-line &ce path has been 
developed The glide angle can be varied from 2 to 5 aegrees The &de angle 
of the Indlanapolls systel; provided a 2 72 de,Tee path Full-scale deflectIon 
was oatzned at 0 51 degrees a""ve the path ana 0 65 aegrees below the path The 
use of the present systen 1s lmted to alt:tLdes below 3000 to 4000 feet because 
of the lac:, of sufflclent receiver sensltlvlty or transmitted power The "fig-up" 
alarm cucult in the recelver 1s a very satxfacto~~ device to v~arn the pIlot of 
a falure of the &de path during an approact The cucult does not interfere 
vnt'- the path operat;on I,, any way as long a: tkere 1s stiflclent sx~,nl to keep 
the recelvrr wIthIn the llrmts of aLtomat1c volume control The path 1s satIs- 
factory down to an a:tltude o' approxlmatcly 100 feet where It becomes very sharp, 
irregular ati dlffxult to fly to contact 

INTRODUCTION 

The hlstory and status of the development of early instrument landu,g 
systems uwolv~ng &de path equ rr,ent for glaldance in a vertical plane has been 
dIscussed in previous reports 12Y I > These reports cover the development cor"pleted 
prior to 1940 ana deal prunarlly wtth the constart lptenslty type of gilds path. 
For these systems, the &de path 1s determlqed by a locus of points "f equal 
radiated flela lntenslty. The shape of the path IS parabolx conforming aoprorlmately 
to the equation h = kd2 where h 1s the height a' t'x path, d 7s the borlzontal dls- 
tance and k 1s a constant ur"lvx,g receiver gan and transrltter power A complete 
system contanlng a parabolic constant u,tenslty &de path was Installed and deron- 
strated at the Admunstratlon's Experur,ental Statlon neei- Indlanapolls, IndIana, u, 
October, 1939 

The experience guned during the tests and deqonstrat "ns of the parabolx 
constant u,tenslty &de path lndlcated that pilots preferred to m&e a landIn 

IY E. jack,,,, "The Status of Instrnaen: LandLng Systems", Tectnlca: Development 
Report ho 1, October, 1937 

2 
H I Letz, "The CPA-RTCA Instrwent Lanalng System, Part I, DeveloFment and 

Installatwn", Technical Develoyent Report ho 35, October, 1943 
3 
H I M&z, "The CAA-RTCA Instrument Landing System, Part II, Tests and Moalfxa- 

tlonsrl, Technxal Devslopment Rapcrt No 36, October, 1943 
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approach at a constant rate of descent along a straight line to the axport. Thx 
type of approach ~1s not possible using the parabolic path Consequently, the 
curved path pias modlflcd to provide a mare nearly straight-lxe path However, 
iome degree of curvature stlli remaned The moolfled &de path equipment was 
demonstrated to the Radio Technlczl Comnlsslon for Aeronautxs, the Ax-Line 
blots Assoclatlon, the AU Transport Assoc1atlon and other interested agencies 
early =n 1940 

Late In 1939 th? Nztlonal Acade;ny of Sciences was requested by toe Resident 
of the UnItea States to review the Instrument 
tlons for the standardlzatlon of such systerrs4 

lan&ng program and make recorrmenda- 
It was the general oplmon of the 

comzzttee that the system contalnlng tile Irodlfled constant r&nslty path nas 
su;taole for lamedlate l%tallatlon ai chosen points throughout tt,e country It 
was also agreed that tre prehnnary reseerch resulting In a straight-line equl- 
slgndl type of path operatyrg in the rmcrowae re@on oiiered addltxnal advantages 
over the partlalli curve1 gilds path system It was recommended that the equl- 
sIgnal type of equipment be further deveiopcd 

On Septenber 2, 1936, Mr. H rXamond of the NatIonal Bureau of Standards 
prepared a report on a systerr that would produce an equl-slgnzl type oi glide path5. 
The proposed antenna sysiem conslsted of two antenras arranged at dlfferent eleva- 
tlons so that overlappmg vertlcaJ patterns having dliferenz modulation frequencies 
were obtalned. The glide path was produced by the 1ntprssctlon of these twc over- 
lapplng patterns where equal 1ntenslty of moaulat1on frequencx?s exlsted bh- Dlzmond 
suggested the use of 300 magarycle& because this frequency would perrlt the use of a 
relatively low anten% system on the groL=d 

Early in 1938 Mr Stuart of the Admlmstratlon's Radio Development Section 
desIgned an equl-sIgna (straight 11~) type of glide pth system operating at 
109.9 megacycles w'lch was 1nstallfd at the Indlanapolls Experimental Statlon The 
two antennas vere horizontal dipole radiators elevated at dlfierent heights - the 
uppermost bang about twenty-seven feet above ground Each antenna MS modulated 
wxth a different audl? frequency. A mcchanlcal modulator pms used to pro>lde 90- 
and 150~cycle rodulatlon A straght-line path of approximately 4 degrees was 
obtalned Fl@.t tests were conducted In July, 1938 A phctograph of the antenna 
system for thx glldr path 1s shown In Fl~n-e 1. 

In the Spring of 1940, the AdmLnlstratlon conducted flnal Ellght tests at 
Boston, Massachusetts, on a 750-megacycle instrument approach system. Ti-1s system 
was produced as a result of a development contra-t uTth the Massachusetts Institute 
of Tec'lnolo&y The system provided ar equl-slgnal type of glide path formed by the 
overlappIng patterns of txo horn rzdlators The tests revealed that a gllle path of 
less than 4 degrees could not be proauced with horn radiators of a reasonable 51% 
at the frequency u5ec and ttat tile technique of generatIon and measurement of micro 
waves was not known well enough to Justify flnther devzlo?ment at that time 

As a result of t'-e experxaxe galned In the development of previous equl-sIgna 
types of @de path s&errs, the Clvll Aeronautxs P&xx?tratlon adopted a program 
Lo further develop ar equl-slgnal glide path operating In the 300~megacycle band. Thx 
band wa-, chosen because the measurlng technique was known, the elevation of the anterna 
system i\ould be low and reasonable crystal-controlled power output would be obtaned 
with conventional tubes. This glide path would operate In conJunctlo* rrlth a IlO-mega- 
cyLle locallaer a?d 75-megacycle markers to provide a complete instrument approach 
system. A contract for thus develo;rment was awarded to the Federal Telephone and Radio 
Corporation on June 30, 1941 The proJect NBS undertaken Imnedlately 

4 Clvll Aeroneutxs Journal, Volume 1, No 3, February, 1940. 

5 H. Diamond, "An Ultra-High-Frequency Equl-slgnal Beacon for Roduclng 
an Inclined Path In a Vertical Plane", Appendix I 



Several months later, because of urgent rmlltary demands, the War Department 
deaded to accelerate this developent and make the glide path portable so that It 
could fulfill theu requrements. The Tar Department partlclpated I" this develop- 
ment and tests lvere conducted Jclntly with the Admuustratlon at the Experimental 
Statlo" as well as at the Pittsburgh and Cl"cl"?atl airports. A large qxxntlty of 
portable straight-line glide path "mts mere produced and some of these portable 
uruts are now helng modlfxd and x,stalled by the Clvll Aeronautxs Admuustratlon 
as a fxed type glide path at ~1x4 and rmlltary axports It 1s one of these 
portable uuts that was modlfled for a fixed Installatun at Indlanapolx that 1s 
described m this report / 

The straight-line glide pzth system radlates ho field patterns, one of 
whnhlch 1s modulated at a" audio frequency of 90 cycles per second and the other 
at a" audio frequency of 150 cycles per second. The equ1-signal intersection 
of these patterns results I" the straight-llna glide path. These signals are 
received I" au-craft and actuate the horizontal needle of a crossed-pointer ~"sti-u- 
nent ahlch InstrLcts the pllot to "fly up" or "fly down" to keep the airplane on 
the path The vertlcsl angle whxh the path makes mth the ground can be adJusted 
from 2 to 5 degrees. A locallzer equulpment 1s used I" conJunctlo" mth the &de 
path to provide lateral guidance The outer, middle and inner markers, provided 
for the complete metrument landu,g system, lndlcate distance from the pou,t of 
contact. Figure 2 1s a general view of the complete system. 

Transrmtter 

The equpment used 1" these tests operated on a frequency of 335 megacycles. 
The transrmtter equlpment consIsted of a" exciter umt and a power ampllfler unit. 
The erclter unit was crystal-controlled using a crystal having a frequency of 6203 
kilocycles Follomng the cvstal was a" oeclllator-tnpler using a type 6557 tube, 
a doubler us;"g another 6sJ7 tube, a trlpler using a type 832 tLb,be and a" amplifier 
using a type 629 tube. The excitor provldsd a" output of 20 watts of 111 66-mega- 
cycle energy to the power ampllfler unit Fl,gure 3 1s e photograph of the exciter 
umt. 

The power ampllfxr ConsIsted of a push-pull tnpler stage followed by push- 
pull inverted ampllfler clrcult Each stage employed two type 13025 tubes. The 
power rutput was 25 watts at 335 megacycles Figure f, 1s a photograph of the 
powerampllf1er u"1t 

Modulator and Bridge 

It 18 the function of the modtiator and bridge to tivlde the energy supplred 
by the transmitter Into proper channels and modulate each with Its respective audlo 
frequency The bridge 1s used for the dlvlslon of energy and fo: the preventlo" of 
cross-nodulatux-,, whll': the coupled sectlons I" the modulator are used for modulating 
the energy. The general theory of operation of the mechanical modulator and hrldge 
arrangement has been described I" a previous Report1 A schemktlc diagram of the 
cu-cuts used 1" the glide path equpment 1s show" I" Figure 5. Figure 6 1s a photo- 
graph of the mechanIcal modulator ard Fvgure 7 shows the bridge assembly. 

Monitor umt 

Because of the nature of the glide path equipment, it 1s essential that corn- 
plete rellablllty be maritalned. Therefore, If any component of the equpent falls 
and cause5 the path to become shlfted, or, If the amount of energy bang radiated 
falls to a" excessl~ely low level, the transmitter must be turned off It is the 
function of the monitor urut to detect any undesu-able change I" radlatlon and, 

1 
F‘adlo Developent Se&Ion, "A Vlsua-Aural Ultra-Xlgh-Frequency Radio Range With 

Sxnultaneous Voice", Technical Development Report ho 49, April, 1945. 
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having detected such a change, to turn the transrmtter off and sound an alarm When 
the glide path equipment 1s operatmg normally, a green light 1s enerezed However, 
when the radiated field strength vai-Les more than 50 percent or the glide path angle 
bares more than 10 percent, an alarm sounds and a red light IS enerszed A momtor 
meter on the mt provides a qumtltatlve lndlcatlon of the glide path elgns.1 strength 
and devlatlons of the glide path angle Figure 8 1s a photograph of the momtor w,lt 

Figure 9 1s a general view of the complete transmtter equipment xxludlng 
poser supply and control unit 

Radlatlng System 

Figure 10 1s a photograph of the bulldIng and antenna lnstallatlon at 
Indlanapolls The lower antenna IS a half-loop mth a screen reflector This 
antenna produces a unlforrr sIgna over broad regions to each side of the perpendx- 
ular to the Screen reflector. The ends of an abruptly terminated screen tend to 
radiate conslderably However, the dlrnenslons of the ecreen used for the glide path 
equlpment have been selected and the ends tapered so that the tendency for radlatlon 
1s appreciably reduced While the phpslcal length of each radlatlng element 1s 90 
degrees, the electrIca length xs approxxnately 180 degrees mth the current rnax~~~ 
located approxmtely at the center The radlatlo" resistance of the radlatlng 
elements 1s 350 ohms which 1s transformed to 125 ohms by means of a quarter- 
wavelength transformer InsIde the antenna tube The monitor pick-up 1s a loop of 
copper strap One end 1s grounded to the antenna frame while the other end feeds 
the coax~.l line to the monitor equlpment. The input Impedance of the momtor pxk- 
up 1s 50 ohms The amount of sIgna pxked up by the monitor loop 1s varied by 
rotating the plane of the loop Flgvre 11 shows a close-up xte1y of the lower antenna 
and ecreen 

The upper antenna 1s an array of two end-fed "V-type" antennas anth dipole 
reflectors The V antennas are fed 1" phase and are spaced 180 degrees vertxally 
The alpole reflectors provide a front-to-back ratlo of about 5 to 1 and a sharper 
forward radlatlon pattern 

The lower reflector 1s also used as a pick-up antenna for the momtor system 
A" end-feed arrangement 1s used to extract energy from each end of the reflector 
Figure 12 shows the upper antenna assembly for the glide path system 

The glide path antenna system makes use of the fact that the number of lobes 
I" a vertical plane increase as the haght of the antenna 1s xxreased The top 
antenna bang a number of wrelengths above ground produces a vertical field pattern 
having approximately 15 lobes for a 2 5-degree path. 'Ihe lower antenna 1s placed 
much closer to the ground resulting UI only three lobes. Thus, one antenna may be 
placed several wavelengths above a second antenna to produce overlapping vertxal 
patterns as shown I" Flgui-e 13 The vertical angle show" III Figure 13 1s greatly 
exaggerated to more clearly lndxate the lobe mtersectlon for the glide path 
Consequently, not all of the high angle vertical lobes are shorn The ~"tersectlo" 
of these patterns which are each modulated with different frequencies proauces the 

? 
llde path The vertical pattern of the antenna elements 1s expressed by m =sln 
360 h sun b) where m 1s the magnitude corresponding to an angle b above ground 

and h 1s the height of the antenna L" wavelengths above ground 

If the maximum magnitude of the lobes from the upper and lower antenna is 
equal, or, If the magmtude of the lobes fran the upper antenna 1s greater than that 
of the lower, then multiple paths or low clearance exists The lower antenna, there- 
fore, receives twxe the voltage over that supplled to the upper antenna. This 
lneures against multiple path and low clearance. Actually, the clearance of the 
equipment tested ws suer. ihat the needle of the Instrument never lndxated less 
than 4 dots I" either dxectlon (eighty percent of full-scale deflectlo") except I" 
the vlclnlty of the glide path 
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In operation, both the upper and lower antennas exe enerezed by the 
335~megacycle sisal from the modulator The carrier fed to the mmer antenna 
1s modulated by the 150-cycle channel of the modulator while the l&er antenna 
i-ecelves 90-cycle modulation. The a~plane receiver detects the composite signal, 
measures the difference between the amplitudes of the two audio signals and 
lndlcates the result on the hor1zonta.l needle of the crossed-pointer Instrument. 
When the 90-cyrle SIgnal exceeds the 150~cycle signal, the honzontal needle points 
down Inetructlng the p+xt to "fly down". An excess of 150-cycle results in a "fly 
up" Indlcatlon. When the two signals are equal, the pointer 1s horizontal and 
xndlcates that the axcraft 1s at the center of We glide path. 

The vertical flela patterns of both the upper and lower antennas for a 
2.5-degree patr are shown XI Figure 15. Up to this point all calculations have 
been bard on single dipoles having no vertical dlrectlvlty of their own Actually, 
the glide path antennas are designed to have low angle drectlvlty to avold Tasteful 
radlatlon at high angles The radlatlon 1s urnform up to an angle of 8 degrees, 
falls off 10 percent at an angle of about 23 degrees and drops off rapldly at angles 
exceeding 23 degrees However, the equation m = sin (360° h sin b), which 1s based 
on ground reflectlon only mthout allowance for tile dxectlvlty of the indlvldua.1 
antennas, nay be applied to the glide path radlatlng syetelr for angles below 20 
degrees wlthout the lntroductlon of addItIona factors 

F~g-ures 13 and 15 show a false path at a vertxal angle of approximately 
16.5 degrees. An arplane below this path would recel~e a "fly down" lndlcatlon 
which would direct the pIlot toward the true path A plane above the "false path" 
wouLd receive a "fly up" lndlcatlon resulting UI a clxnblng attitude thereby lndlcat- 
Ing to the pllot that the course 1s false In any case, the reverse xndxatlons 
combined with extreme steepness and sharpness of the path makes It xaposslble to 
fly this path at a normal rate of descent (400 to 500 feet per minute). 

The most practical method of chanpng the glide path angle 1s by chaneng 
the elevation above ground of both antennas. This change ~111 alter the conflgura- 
tlon of the lobes and the lntersectlon ~111 occur at a dlfferent elevation. The 
glide path equpment 1s deslgned to operete at any of eleven path angles whxh are 

I obtalned by setting the antennas at sutable heights on the supportIng mast. call- 
bratlon points are marked on the mast for glide path angles of 2, 2 25, 2.5, 2 75, 
3.0, 3.25, 3.5, 3.75, 4.0, 4 5 and 5 0 degrees. A glide path angle of 2 5 degrees 
has been determlned to provide tne most satisfactory operatlon for fxed rmtalla- 
t1ons. 

In the prev~us dlscusslon, It has been assuned that the straight-line path 
terrrunated at the base of the antenna mast Actually the &de path transmlttxag 
equpment must be located at a safe dxtance to one side of the runway This 
distance has been determined to be approxynately 400 feet. Therefore, another 
vertxal se&Ion of the radlatlon solId must be used This requirement causes a 
slight modlficatlon of the horizontal radlatlon patterns The upper antenna 1s 
deslgned to have horizontal dlrectlvlty, radlatlng Its full power forward and only 
a part of its full power to the sides. The horlzonta.1 patterns of both the upper 
and lower antennas are shown 1" Figure 14. The upper antenna 1s rotated 12 degrees 
away from the horizontal antenna; the result IS that the ratlo of the upper and lower 
antenna fields 1s substantially conscant for all azxnuth angles along the &de path. 
Both antennas a-e deslgned to radmte neglleble energy to the rear, thus xx~eas~ng 
the efflclency of the antenna system The large ratlo of front-to-back energy greatly 
reduces the effect of reflections from ob.wcts to the rear of the antennas whxh 
would cause xregolarltx?s in the glide path. At Indlanapolls the glide path was 
located 400 feet from a point on the rumvay xhnhlch was 1100 feet from the approach 
end. A general vLew of the xxstallatlon 1s also shown 1" Flgure 14 

Test Equlpent 

A path detector, field mntenslty meter and single probe voltmeter are pro- 
vlded mth the glide path equl&xnent. The path detector is designed to obtan 
measurements of the glide path near the ground. It can also be used to measure 
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the sharpness and clearance of the path. The circut within the detector umt 
rectifies the carrier and compares the relative ratlo between the 90-cycle and 
150-cycle energy. 

The field mtenslty meter 1s a portable self-contamed mstrument for 
measuring relative fmld mtenslty This mstrument 1s used to measure radmtmn 
patterna of the indlvldual antennas 2nd to measnre the phase difference between 
the antennas when they are operated together. 

The angle probe voltmeter is used for various radio-frequency measurements. 

AIRCRAFT EQUIPMEX 

The receiver used 1" the tests was desIgned to operate at 332.6, 333 8 and 
335.0 megacycles. The receiver IS a crystal-controlled super-heterodyne nhlch 
operates from a 24 to 2%volt batten power source and obtains It.8 plate supply 
duectly from the battery. Figure 16 IS e block &agram of the receiver. A "fly 
up" alarm clrcut 1s Included as an integral part of the receiver and 1s designed 
so that the horizontal needle of the lndlcator will always renal" xn a full "fly 
up" position when the slgnalbecames less than 50 rmcrovolta. 'Ihis feature prevents 
the pIlot fran bellevlng he 1s on the path If the ground equulpment fails during 
the approach Some of the direct cvrrent 1s taken from the 24-volt supply and fed 
to the zero-center &de path Indicator to cause It to deflect to the top of the 
SC&?. The alarm current is controlled by a sharp cut-off amplifier which obtains 
Its control voltage from the autcmatx volume control circut. A schematIc diagram 
of the "fly ~2" alarm cu-cut 1s also shown =n Figure 16 A general view of the 
receiver 1s shown in Figure 17 A group of automatic w&nr,e control characterlstlcs 
of several receivers 1s shown in Figure 18 

Antenna and Indicator 

The recelvlng antenna consisted of a half-naxre dipole which was mounted on 
the same pedestal that supported the 1ocal~~z.w 'U" antenna This combined locallzer 
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and &de path receiving antenna assembly LB shown in Figure 19. The indicating 
instrument was a statiard crossed-pointer meter as shown =n Flgure 20. 

TESTS 

The final tests recorded in this report were made in Barmnistratlon Airplane 
NC-11, a Boeing type 247-D, duru,g the period March 7 to 16, 1945, although numerous 
preluruwy tests were conducted throughout a period of nearly two years. 

Before taking fIna recorduags, tests viei-e made in an attempt to determine the 
overall operation of the glide path equipment. The antenna system was adJusted to 
provide a 2.5-degree path. These tests lndlcated that there lras lnsufflclent "fly 
up" indlcatux, during approaches to the path at an altitude of 1500 feet The "fly 
up" u,dicatlon under these conditions tid not exceed 2 dots (40 percent of full scale). 
This lndxatlon was believed to be uwufflcient. An xmestlgatlon of this fault 
revealed that the lack of "fly up" lndlcatlonnas due to both a lack of suffxxnt 
radio frequency energy radiated from the ground antenna system and a lack of receiver 
SensLtlnty. The power output frcm the transmitter nas found to be below normal and, 
upon rectification of this condltlon, a "fly up" uxllcatlon of 4 dots (SO percent of 
full scale) at 1500 feet was obtained. However, a L-dot "fly up" lndicatlon was not 
obtaned ataltitudes above 1500 feet because of recez~ver insensltlvity, although lt 
was actually the most sensltlve of a group tested. Frevlous models of glide path 
receivers whxh tuned to only one radio frequency had much higher sensltlvlt1es 
and consequently, could be used to much higher altitudes. 
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The first group of fmal tests was made at constant altitudes of 500, 1000, 
2000, 3000, 4000 and 8000 feet. These tests were made to deterrmne the course 
mdth, the path angles, the amount of clearance provided and the general composl- 
tlon of the radmted flela The receiver was arranged so that the "fly up" alarm 
cxcut could be used, de-energLaed or keyed on and off The purpose of this 
arrangement me to detemne what effect the alarm cxcult haa on the glide path. 
The results of these tests are shown m Fq-ues 21, 22 and 23. The flxght altitudes 
for the tests shown on these figures were 500, 1000, 2000, 3000 and 4000 feet 
above the transmtter Figure 21 shons the results obtamed mthout the alarm 
cucut, FIgwe 22 is sm~~lar except that the alarm cucmt was operating3 and, 
Figure 23 shows the alarm clrcult bang keyed an and off The check pomts used 
were the tams of Hall, Monrovu, Mooresvllle, 5 42-mile pomt, outer marker and 
mlddLe marker. The middle marker was located 1 13 rmles from t'ie pant of contact. 
The worst clearance obtammd eras at 3000 am .!+OOO feet where the needle returned to 
approxmately 3 dots. The lack of sufficient radiated power or the absence of 
rece~ver sensltlvlty 1s apparent on the fqures, where the on-course wcelver filter 
Input voltage decreases apprecmbly mth alt1tLdes above 1000 feet The voltages 
obtamed are shorn In the followmg table 

TAELF. I 

Altitude Above the StatIon I Receloer Filter Voltage 

500 feet 12.5 volts 
1000 11 5 to 12 0 
2000 85to 90 
3000 40to 65 
4000 appror 4.0 

The fact that the filter voltage decreases v;lth mcreaslng altitude mdlcates that 
the i-ecelver 1s operatmg below the knee of the automatx volume control characterx- 
tars at We higher altitudes 

Smce the check pants were accurately noted on the records, the ground speed 
and miles per Inch of chart can be computed. The chart speed for all recordmgs 
was b mches per mmute. From this data and the five-dot deflectvan pomts of the 
mstment as well as the actual altitude at the on-course pomt, the glide path 
ccmrse mdth can bt computed. The actual altitude at the cross--over 1s shown on 
each recordmg Taille II shorn the course mdths (full-scale up to full-scale dmm 
deflectIon) computed for each flight. Course mdths nere not computed on the 
recordmgs obtaned at altitudes above 1000 feet because 5-d& "fly up" mdxatlons 
were not obtaned and the course was broadened at those altitudes because of the 
decrease In filter voltage 

TABLE II 

Course Width Below Course Xdtb Above 
Altitude Path Center (5dot "fly up") Path Center (5-d& "fly dmr?') 

0.46 degrees 
o 60 
0 53 
0 55 
0.50 
0.41 

Average 0.65 degrees 0.51 degrees 



a 

The same data that 1s used to compute the course xmath EL” also be used to 
compute the actual path angle Table III shoxs the path angles colrputed for 
each recordmg. 

Ntltude 

4000 feet 

3oco feet 

2000 feet 

1000 feet 

500 feet 

-Off connectlo” used j 

m3connecteu 
Keyec on and off 
msconr,ect&d 
Connected 
Keyed on and off 
msconnected 
CO”?lWtt?~ 
Keyed on and off 
mscclnnectea 
cor.rEctaa 
Keyed on a”o of’ 
msca”“ected 
Connected 
Keyed on aid off 

computatlo" 
I I 

Average 

Path Angle 

2.80 degrees 
2.R0x 
2.73 
2.ao 
2 P3 
2.70 
2 70 
2.76 
2.70 
2.70 
2.63 
3.00 
2.60 
2.37 

2.72 degrees 

The recordings IF Fqurss 21, 22 and 23 1ndlcat.e that the slann cucult 
causes the glide path to be pushec ahead of the true path at sltltudes above 
3000 feet. Above 3000 feet the alarm clrcult has not become completely de- 
energized and the actual path center LS displaced. Fqure 23 shows this efiect 
very well where the alarm cxcult 1s keyed At a” altitude of 4000 feet a 
difference of 0.3 degrees 1s noted between the alum on anc alarm off condltlon. 
The path angle 1s 2 8 degrees wlthout the alarm cxcuit and 3.2 degrees mth the 
c1rcuut operat1”g. 

Aspi-oxlmately ten instrument approaches were made down the glide path from 
an alt1tuae of 15oc feet. One approach was made from an altitude of 4000 feet. 
These descents were made along the center cf the lo~allzer course In addltlon, 
3 approaches were made down each side of the locallaer course with the localizer 
lndxator malntaned at a L-dot deflectlon, 1 e , approxunately 2 degrees off the 
center of the localuer course. A summary of these tests 1s show” I” F&u-e 24, 
The two charts at the top of tSe flgure show the descent along the center of the 
localxver course frorc 4000 feet. Thu 1s the c~ax~mum altitude from whhlch a 
descent could @e made since a l-dot “fly up” deflectIon nas barely obtained 
approaching under the path. The next three charts show one descent each along the 
center of the course, along a line cff the localuer course xnth the lndlcator 4 
dots to the right and along a line off the local~zer course with the lndxator 
4 dots to the left. These recordings are representative of several obtauved. 411 
of these tests were made mth the “fly up” warmng clrcut re”dered Inoperative. 
The recoralngs wdrate that the glide path IS completely satisfactory and easy 
to follow dew” to approxxrately 0 8 rmles from the point of contact (approxur&ely 
200 feet of altitude). Beyond this point at an altitude of 100 feet and approxl- 
roately 0 5 miles from the point of contact, the glide path levels off slightly 
with some lrregularltxes and then dews Into the ground. It 1s considered that 
the path 1s satisfactory down to 100 feet but dlfflcult to fly below this altitude. 
In all cases Itv.has notea that We fiLter voltage did not stablllse until a point 
approxuwtely over the outer marker was reached. Tbls represents a dxtance of 
approxxnat.ely 4.45 ml.105. When the glide path was used alcng a line slightly to 
the left of the localuer course, the results were practxally the same as those 



obtemed along the CTnte~ of the course However, when the glide psth was used 
along d line slightly to the right of th? localizer course, the path wae very 
satxafzctary dam an cltltude of 75 feet. Beyond thx pomt the path dived steeply. 

The tiffxultles Pncountered mth the &de path below zltltudes of 200 
feet mzy be caused by tile new hangar which has been recently constructed a short 
distance from the &de path. The path was farly satmfactory to contact prior 
to the construction of the buldmg. In any case, rotatmg the complete antenna 
systen plus or minus 10 degrees :rom the normal settmg dxd not mprove the pxth 
when flown along the center of the localleer cowse. The ellnmatlon of a huge 
pile of dirt 10 feet =n front of the base of the antenna mast did not mprove the 
path noticeably. 

The two short chzrts at the bottom of Flgwe Z!, show the results of tan 
tests along tte runway. These tests were also made mth the "fly up" alarm 
clrcut dlscomected. 

The fxst three charts at the top of Figure 25 show e level flight test made 
at an altitude of 8000 feet above the statlon. No "fly up" s1gnalwas ever obtamed 
et this altitude. The mdlcator remaned at aero center until the couree posltlon 
wae reached in tple ncmlty of Gosport, Indxma, and then started to malcate 
"fly down". 

Another group of tests shown on Flgure 25 mdxates the drsct1vlt.y of the 
au-plane rece1vulg antenna. These tests were made by cmclmg on the localuer 
course above the glide path at a dutance of 6 mles from contact and at an 
altitude of 2000 feet. The au-plane was flown In appronmate1y a 20-degree bank 
and in a relatively small cncle. The cu-cles were made in both a clockmse and 
counter-clochse du-ectlon mth the "fly up" alarm cucut connected and dls- 
connected. The results of thm test ndxate that the antenna whhich 13 mounted ora 
the noee of the plane Just ahead of the cockpIt g=vee satisfactory perfomance 
mthln approxvnately plus or mums 30 degrees of the headmg of the airplane. 
Beyond these pomts the pick-up drops off rapldly. The reception to the i-eai- was 
so poor as to make It mpossible to fly the &de path amy from the stataon. ThlS 
effect 1s shown on the recordmg at the bottom of Figure 25 where a level flight 
wes made amy from the statlon in the dlrectmn of mxlmm sxgnal from the ground 
equpment. Figure 26 IS a chart shomng the general performance of the glide path 
mcluding the path angle and mdth. 

CONCLUSIONS 

As a result of the tests conducted on the fned glide path installation at 
the Indmmpol~ Expermental StatIon, the follmnng conclusrons may be reached 

1. The path angle 15 2 72 degrees when the antenna elements were adJusted 
for 2.5 degrees. Thm path angle 1s considered satisfactory. 

2. The glide path course mdth 1s plus 0.51 degrees and mnus 0.65 degrees 
for a 54ot (full scale) mstment deflectlon on either side of the center of the 
path 

3. The clearance 15 suffxlent to pronde mdlcatmns of at least 80 percent 
of full scale and 1s considered very satisfactory. 

4. The recelvmg antenna dlrectlnty 1s satxfactory since mstrument 
approaches can be made with crab angles up to 30 degrees. 

5. The glide path cannot be used above an altitude of 3000 feet with the 
alarm cucut connected and .!,OOO feet with the alarm cu-cult dxconnected. 

6. The path 1s eatmfactory down to an altitude of 100 feet 



7. The glide path can be made usable at much higher altitudes by the use 
of more sensltlve receivers. Future receivers ~111 have ma-e senslt~vlty. 

8. The glide path can be mproved below an altitude of 200 feet by the 
aadltmn of corrective measures to elmnate reflections from an extremely large 
hangar adjacent to the glide path ate Previous tests prmr to the construction 
of the bulldmg lndlcated that the path was faxly saksfactory down to contact 
vlth the runway. 

9. An overall conclusion may be reached that the present equipment provides 
a saksfactory straight-line glide path below 3000 feet. The glide path may be 
further improved through the use of more sensltlve i-ece~vers and the elmmatlon 
of reflections from adJacent obJects. 

10. The "fly up" alarm crcut III the receiver 1s a saksfactory warnmg 
device to the pIlot that the gkde path equpment 1s not operatmg satlsfactorlly. 
Wren more sensltlve receivers are made, the fly up alarm should operate at a much 
lower pomt than the present 50 mcrovolts. Another alternative to the receiver 
problem IS to appreciably lnci-ease the transrmtter power Although this method 
1s not very practxal due to the llrmtations of producmg radio frequency power at 
this frequency. 
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TO UPPER = 
ANTENNA - 

LINE SECTION TUNED 
AND DETUNED 150 
CYCLES PER SECOND 

SYNCHRONOUS MOTOF 

FROM TRANSMITTER 

LINE SECTION TUNED 
AND DETUNED 90 
CYCLES PER SECOND 

Figure 5 Schematic of Bndge-Mechanuzd Modulator Umt 
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Figure 6. Mechanical Modulator. 
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Figure 7. hfcchanical Modulator Bridge Assembl> 
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Figure 9. Complete Transmitter Equipment Installed at Indianapolis. 
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Figure 10. Transmitter House and Antenna Systen at Indianapolis. 
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F,gure 13 General Vertml Plane Radmtmn Patterns 

F,gure 14 Hormntal Radmtmn Pattern 
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Figure 17. Glide PathReceiver. 
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INPUT IN MICROVOLTS 

Figure 18. Automatic Volume Control Characteristics of Several Glide Path Receivers. 
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--- GUDE PATH ANTENNA -I_-- -----j 
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TO GLIDE PATH 
RECEIVER-- 

TO LUCALIZER /( 
RECEtYER----------- 

Figure 19. Receiving Antenna. 
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Figure 24 Fhght Test Recordmgs Taken Dunng Approaches Down the Ghde Path and 
Whde Taxnng Along Runway ” Fly Up “Alarm &cult Disconnected 



Figure 25 Fhght Test Recordmgs Taken on the Glide Path Equipment During a Fbght Toward the 
Statmn Along the Locabzer Course at a Constant Alteude of 8000 Feet Whde C,rchng 
on the Locabzer Course Above the Ghde Path at a Distance of 6 M&s and an Alarude 
of 2000 Feet to Show Recewmg Antenna Drectwty, and Dung a Fbght Away from 
the Statmn Along the Locahzer Course at a Constant Altitude of 1000 Feet 




