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AN EXPERIMENTAL COUNTERROTATING MARKER BEACON 

SUMMARY 

This report describes the development 
of a counterrotatmg marker beacon for use 
as a visual aId to axplane pilots m CIT- 
c11ng approaches. This beacon uses two 
PrOJeCtOrS rotatmg 1n opposite dlrectmns to 
provtde a p,lot with an mdlcatlon of his po- 
sltlon with reference to the desired approach 
course 

After constructmn and test of several 
models. a beacon which gives good dlrec- 
tmnal mdlcatlon on a clrclmg approach was 
developed 

INTRODUCTION 

In the dlscusslons of the problems of 
approach 1 I g h t 1 n g in the Auport Llghtmg 
Evaluation Pane 1 of the A 1 r Force-Navy- 
Clvll Subcomrmttee for Visual AIds. stress 
has been lad on the need of the pllots for 
bet t e r guidance f o r clrclmg approaches. 
Thx need was emphasleed m the followng 
paragraphs from Appendix A to the “Opera- 
t,onal Requuements for A p p r o a c h L 1 g h t 
Systems.” issued by this Panel on Novem- 
ber 14. 1947 

Page 2. under “Fmdmgs” 
“3. That there 1s anxnmedlate 

need for an approach light system 
which may be used as guidance for 
clrclmg approaches in r e s t r I c t e d 
vlslblllty condltlons down to t h r e e- 
fourths of a nule, III which case the 
approach may not necessarily be made 
with electronlc ads or high mtenslty 
runway lights ” 

Page 4, under “Dlscussmn” 
“Until all runways a I e served by 

electronic ads and all approaches are 
made bythe use of suchads. approaches 
~111 contunw to be made by c on t a c t 
after a cz-clmg procedure Such an 
approach requires more adequate 
llghtmg outslde the regmn of gudance 
than those provided by the approach 
light systems tested thus far, III order 
to facllltate cuclmg and approaches 
to non-mstrument runways >I 

These needs were stressed by the 
representatives of the Air Lme Pllots 
Assoclatur, and we r e recogruzed by all of 
the Panel membersh,p 

The needs were dlscussed in d&all, 
and can be summarized as fallows 
1. The runway lights and approach lights 

should prcwde adequate vwb&ty durmg 
the downwmd leg of the approach 

2. When cuclmg Into his fmal approach, the 
pllot should be given a pasltlve means of 
ahgnmghxs arcraft with the runway axis. 

A separate study 1s bang made of the 
requirements for Item I. Ths report 1s 
concerned wrth the development of a solutmn 
for Item 2. 

An analysis of the problem mdlcates 
that the lightmg aid must perform two func- 
tmns To serve as a marker, It must be 
m ad e consp~uous To assist the p&t in 
luung up wvlth the runway after a cuclmg 
approach, It must provide posltlve means of 
markmg or ldentlfymg the extended aas of 
the runway. 

A number of Ideas proposed byvarlous 
lllummatmg engmeers were considered A 
counterrotatmg beacon seemed most promls- 
mg to fulfill the dual functmnof landmark and 
course mdlcator Tlus report describes an 
experunental beacon of thx. type. 

BASIS OF GUIDANCE 

The prmclple of the counterrotatmg 
beacon mvolves the use of a pax of ldentlcal 
prOJeCtOr located on a line perpendicular to 
the awls of a runway approach One pra- 
JeCtOr IS mounted on each side of the axis, 
both are equdlstant from It and are suffi- 
clently separated to appear to the pllot as 
separate sources See Fig 1 The pro- 
Jk?CtOrS are synchronlaed to rot ate at the 
same speed, in opposite dlrectmns, and are 
so tlmed that both beams are in the same 
dlrectmn parallel to the axis at the same 
time To the p&t on approach the right- 
hand PrOJeCtOr 1s rotating clockvase and the 
left. counterclockwise 

Any arcraft pllot to whom the two 
prelectors are vlslble can determme his 
posltmn with reference to the runway axis 
by the relative tmnng of the flashes Two 
flashes in quck succession, followed by a 
short Interval, mdlcate that he 1s near the 
ax15 The appearance 1s that of a angle 
flash movmg toward the axw, and the pllot 
s 1 m p 1 y follows t h 1 s mdlcatmn When he 
reaches the axis. the two flashes ~111 appear 
simultaneously As he moves a..~ a y from 
the axis to the right. he ~111 see the right 
flash before the left flash If he moves away 
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Fig 1 Diagram Illustratmg Prmclple of 
Counterrotating Beacon Gudauce 

from the axis to the left, he ~111 see the left 
flash first. 

One proJector 1s screened so that the 
beam 1s concealed on the back course This 
1s done because the back course, If both 
beams are v1 s lble, produces a directional 
mdlcatmn which IS reversed from that pro- 
duced by the front course This could cause 
confusmn to the pllot to whom It 1s vlslble 
and make It more dlfflcult for hmn to mterpret 
the front course. 

Fig 2 Time Interval Curves Shourlng 
Relation Between Distance Out 
From Beacons and Distance 
Off Course 

The proJector whxh 1s vlslble through- 
out 360”can serve as alandmark or target to 
a pIlot on his downwind leg or in passmg over 
the field It can be dlstmguished from the 
alrport beacon by the relative rapldlty of Its 
flashes , 24 per minute agamst 6 or 12 for 
the alrport beacon The curves In Fig. 2 
show how the txne interval between flashes 
varies withdIfferent positions of the axplane 

INTENSITY REQUIREMENTS 

Under existing Clvll Air Regulatmns, 
clrclmg approaches are generally permltted 
only m vlslbllltles from 1 0 to 1 5 miles or 
more, dependmg upon the type of operatmn 
and type of alrcraft Table I shows the 
atmospheric Y alue s, or transmlssivlties, 
that correspond to varmus vislbillty condi- 
t1ons, lncludlng the 0 75-mile vlslblllty 
referred to by the Alrport Lightmg Evalua- 
tmn Panel 



The daytxne Y alue s are calculated 
from the relatmnshlp 

TD =o 02 (1) 

where 

T = Transmlsslvlty of the atmosphere pe r 
urut of distance 

D = Distance between object and observer 

The nighttime v a 1 u e s are calculated 
from the general relatmnshlp 

I = E0D2/TD (2) 

where 

I = Candlepower of the light source 

E. = Threshold brightness value 

D = Distance 

T = Transrmss~wty per unit of distance 

By assuming I = 25 cp(whlch 1s a recogmzed 
basis for observing rught vwblkty). lettmg 
E0 = 0 2 kIlometer-candle, and measuring D 
in hectometers, the values of T per hecto- 
meter can be calculated. 

It wwould appear logxal that a sIgna 
for clrclmg approaches should be VI s 1 ble 
from at 1 e as t the distance of the turnlng 
radius This radius 1s determmed by the 
air speed and the angle of bank Curves 
have been developed to show this relatmn- 

TABLE I 

Vxslblllty Distances and 
Correspondmg Transrmsslvlty Values 

Observed Transmxslvlty 
Vlslblllty* (Per Hundred Meters) 

Distance Day Night (25 cp) 

0 75 mile 0.722 0.690 
1 00 mile 0 780 0 785 
1 50 rmles 0 845 0.881 

*Base d on observation of s&d o b J e c t III 
daytune and 25-cp hght at nvght. 

ship 
1 From these it can be assumed that 

the normal maxn-num turnmg radius would 
be approxm,ately 1 5 miles, because this 
represents a bank of 15’ at 175 mph, 10” at 
145 mph, and only 7’ at 120 mph 

From Equatmn (2) and usmg values of 
T given InTable I, the requredcandlepowers 

have been calculated and ai-e shown in Table 
II These calculations are based czn a night 
threshold value of 0.2 kilometer-candle and 
a dayvalue of 200 lulometer-candles to com- 
pensate for the hghted background 

As the rotatmgbeacons have the visual 
effect of aflashmg light, It 1s necessary also 
to consider the effect of duration of flash on 
vlslblllty T hl s can be done by employmg 
the rzlatmnshlp developed by B 1 on d e 1 and 
R‘V. as follows 

E/E0 = (t + a) /t = ‘/I0 (3) 

where 

E = Equivalent threshold eye ~llummat~on 
f& a steady light 

E. = Approximately the threshold eye ~llu- 
mlnatlon for a steady light 

I : Intensity required to produce E, 

I0 = Intensity requxred to produce E 
0 

t = Duratmn of the flash in seconds 

a = Emplr~al constant, approxxnately 0 21 

The data given in Table II 1s based on 
a hght with a horizontal beam spread of 11’ 
and rotatmg at 24 rpm. 

then 

t = 11/360 x 60/24 = 0 0764 

and 

I = 0 0764 + 0 21 = 3 75 I 
0 0764 0 

1Pe,,,,n, H J. Gory, “The Slope 
Lme Approach Lvght System,” CAA Technl- 
cal Development Report No. 104, March 
1950. P 3 

2 st11es. w. s ) M. G Bennett, H. N 
Gr‘Ze*, “Vwblllty of Light Signals With 
Special Reference toAvlatmnLlghts,” 
Brltlsh Au Muustry AeronautIcal Research 
Committee Techmcal Report, Reports and 
Memoranda No 1793. London, 1937. p 32 
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TABLE II 

Requred Candlepower for a Signal Light to Be Vlslble at Various Distances 

Vwblllty 
Condltmn Required for 1 5-Mile Range Requred for 2 0-hrkle Range 

Steady Burnmg Flashing 
(IO) (1) 

Steady Burning 
(IO) 

Flashing 
(1) 

0 75 mile 8.500.000 31.900,000 45,000,000 168,800,DOO 
1 00 rmle 580,000 2.175.000 3.000,000 11.250,OOO 
1 50 miles 93,000 349,000 372,000 1,395,ooo 

Night 
0.75 mile 
1 00 mile 
1 50 miles 

1.030 3,870 300.000 1,125,OOO 
400 1,500 2,400 9.000 

25 94 100 375 

Lamps are readily wallable which 
can produce beams of the dnnensmns and 
characterlstlcs required. with value s up 
to the order of magnitude of 500,000 
candlepower Thus It would appear feasible 
to produce a slgnal to meet most of the 
night vlslbllity condltmns outlmed above, 
and also the 1 5-mile daylight range under 
vlslb&ty condltmns of 1 5 rmles A lamp 
producmg a beam of 60,000 candlepower 
would be adequate to produce an effective 
slgnal for 2 0 mnles by night with the ws- 
lblllty down to 1 0 mile and for 1 5 miles 
with the vlslblhty down to 0 75 mile 

developed spe clal se aled-beam PAR-56 
al r p o r t approach lamps, Installed In the 
holders HI such a manner that the greatest 
spread was m the vertical plane. Ths 
change resulted In good v e r t 1 c a 1 coverage 
wlthout excesswe lateral dispersal. so that 
two sharp. dlstmct beams were vlslble to 
the pilot through a wide range of altitude 

EQUIPMENT DESIGN AND TESTS 

For the first model of the counter- 
rotating beacon, two commercial beacons 
deslgned for small alrport use were coupled 
together mechanxally. Tests showed that 
these beacons were not satisfactory as 
proJector for thxs apphcatmn, because there 
was entirely too much spllled light and re- 
fleeted hght from the glass domes houslng 
the lamps The rate of rotation, 6 rpm. 
was also too slow 

The 400-watt, 115~volt, PAR-56 
standard approach lamps used In the beacon 
give peak candlepower values In the order 
of magnitude of 70.000 at rated voltage. 
with a spread of approximately 38’ by 11” 
If operated at 83 per cent voltage they ~111 
produce values nearer to 35,000 candle- 
p0VTer. w 111 consume approximately 300 
watts, and ~111 have approxlmatelynme tunes 
the rated hfe of 100 hours This might be 
desirable w he r e remote control cannot be 
provided and lights must be turned on and off 
by means of a time switch 

Consequently, the domes and light 
sources were removed and metal housings 
were mstalled on the same bases A sealed- 
be am lamp with narrow-beam spread was 
mounted m each housmg, new g e a r s were 
Installed, and the rate of rotation was m- 
creased to 24 rpm A number of flight 
tests showed that this beacon provided ex- 
cellent identification wIthout eucessxve spill 
and was satisfactory, provided the pllot was 
not flying above or below the man beam of 
hght 

The counterrotatmg be a c on must be 
located on the EMS of an approach SOme 
experlmentmgwas done at different distances 
from the threshold The beacon was first 
Installed for service tests at the middle 
marker on the southwest approach at Indian- 
apolls Mumclpal AIrport This marker 1s 
4,700 feet from the threshold After the 
beacon was rebuilt, it was mstalled for use 
atthe northwestendofthe northwest- 
southeast runway It was located 800 feet 
northwest of the threshold 

The next step was to replace the 
narrow-beam lamps with a par of recently 

Flight tests proved that the beacon was 
usable at both sates, but when It was at the 
closer locatmn the control tower received a 
number of complaints to the effect that the 
flashes were too bright when the pilot reached 
the mnmedlate viclnlty of the beacon It 
appears, therefore, that the beacon should be 
somewhat farther out from the threshold than 



Fig 3 Counterrotatmg Beacon Assembly 

800 feet Wkle the exact distance 1s not 
xnportant, from the standpant of the accu- 
racyof gudance, it 1s suggested, on the basis 
of flight observatmns, that the beacon be 
mstalled at a standard distance of 3.500 
feet where feasible. 

The separation of the two projectors 
must be sufflclent to allow the pilot to iden- 
tlfy the f 1 as he s as commg from different 
sources In the first model, the units were 
mounted 12 feet apart and were coupled with 
a mechanIca shaft This spacing proved 
madequate. and as It was lmpractlcal to pro- 
vide adequate spacmg with mechanical cou- 
phng, it was decided to apply a par of Selsyn 
motors to synchronize the rot at I on elec- 
trlcally. Each of a par of such motors was 
geared to one of the lamp holders and the 
motor s connected electrically A small 
drive motor was geared to the shaft of 
the transmlttlng Selsyn motor With 
this arrangement it was a sunple matter to 
vary the spacing between proJector It was 

found that a separation of about 30 to 100 feet 

was satisfactory 
In order to determme the angular sen- 

sitivity of the mdicatlon. the projectors with 
30-foot separation were operated at a loca- 
tion where It was p o s s ~b 1 e to measure the 
mnwnum horizontal angle between posltlve 
on-course and off-course mdlcatlons Th,s 
angle was slightly less than 2 0” 

The measured torque of the repeater 
Sels yn motor used m the model was one 
Inch-pound Although sufficwnt for expert- 
mental operations under most weather con- 
dltlons and for testmg and demonstrating the 
prlnclples of the beacon, this torque was not 
high enough for operatmn under ice or snow 
conditions Consequently, another model was 
built to use standard spilt-phase l/4-horse- 
power mductlon motors which, when geared 
down to the proper speed, produce a torque 
approxlmatmg 100 Inch-pounds This model, 
usmg the 400-w&t lamps at full voltage, wll 
operate at approximately 1. 250 watts with a 
power factor of 83 per cent See Figs 3 
and 4 
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Fig. 4 Counterrotating Beacon, Cover Removed to Show Control Equpment 

When the projectors get out of step an 
arrangement of relays and switches operates 
to stop one motor and thus perrmt the other 
motor to catch up See wlrmg diagram. 
Fig 5 In order to simplify this operatmn. 
one motor is kept rotating at a slightly 
slower speed than the other by reducing Its 
hne voltage to 105 volts A Varlac was 
used for this purpose It 1s then necessary 
to de s ~gn the control for the faster motor 
only The slight difference in motor speeds 
proved to be lmperceptlble 

With this arrangement the projectors 
normally can be synchronxzed effectively in 
less than two revolutmns of the proJectors 
Tests run on this model, with a recording 
ammeter in the clrcut to record the number 
of stops, indicate that there will be no 
dlfflculty m malntaunng the desired opera- 
tion The only time the lights are likely to 
be m ate r 1 ally out of step 1s xmnedlately 
aft e r bemg started, and then they usually 
~111 synchronize wlthm four or five revolu- 

tmns, or wlthin ten seconds 
ProductIon models can be slmpllfled 

by usmg a vertical gear motor to elmnnate 
the separate gear tram and to reduce the 
size. The Varlac used m the experimental 
model can be replaced by a small resistance. 

CONCLUSIONS 

1 Tests of this beacon, inclldmg obser- 
vations from the ground and In the au, show 
that it gxves positive on-course mdication 
witlun an error of approximately 2 0’ which 
1s adequate for the operatmn outlined 

2 T he unshielded projector, w 1 t h It s 
short flash cycle, provides a target or land- 
markdistlnguishable from the aIrport beacon 

3 The beacon will facllltate circling 
approaches and landings by furnishing 
accurate on-course mdxatmn 

4 The beacon 1s applicable for mstalla- 
tion on approaches to all runways and can be 
operated selectively to indicate the act 1 v e 
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F’lg 5 Counterrotating Beacon Wlrmg Diagram 

runway 
5 The optimum location appears to be 

about 3.500 feet from the runway threshold 
This can be varied widely. however, to meet 
local condltlons 

6 The equipment 1s simple and requres 
no expensive special parts 

7 The beacon now m use at Indianapolls 

1s a p p 11 c a b 1 e as a circling-approach aId 
under existmg weather mmu-nums It can 
be adapted to more severe weather condltmns 
by selectmg a hght source capable of pro- 
ducing the beam mtenslty required for the 
speclflc visual conditions, as indicated m 
Table II. Likewise, remote intensity con- 
trol can be provided 


