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experiment® should bo earned out iEzae&iatsly to dete^ain® tne useful-

nsss of th® ultra high frequencies for airport control, Ascordis.gljs 

the Bureau of Air Commerce volunteered to build and install an ultra 

high frequency transmittor and antenna system is the control to^ar of 

the Indianapolis airport for a series of cooperative flight tests hy 

the Bureau, airlines and manufacturers over an extended p@noi of tirae. 

The frequency ehosen for these experiments was 125 m©gaeyel©s (2 04 

meters wavelength). The Bell Telephone Laboratories cooperated by 

furnishing an aircraft receiver for use m th© Bureau of £1^ Coajasre® 

airplan® N8-52, HCA Manufacturing Company alao equipped their W®@o 

airplane ^ith a receiver for th® tests, which took plas© osteon May 28 

and 30, 1937. Th© results of these testa proved very gratifying. Later, 

further teste ware carried on by a group from the War Department Aircraft 

Radio Laboratory, Wright Field, Dayton, Ohio, in a Ford tri-saotored air­

plane. It is the purpose of this report to describe the equipment used 

in the tests made on May 28-30, 1937, by the personnel of th© Radio De­

velopment Seotion, Bureau of Air Commerce, the Bell Telsphons Laboratories 

and RCA Manufacturing Company. 

E Q U I P M E N T 

A Typa TZL, 100 vatt , crystal controlled transmitter eapabl® 

of being fully modulated by either voice or a 1020 cycl® xon© sas us ad. 

The TZI transmitter was originally designed for operation on 50 to 65 

megacycles, and for the purpose of these tests was modified by th® u t i l ­

ization of recently developed transmission line tank circuits of high 

CSf 



efficiency for operation at 125 megacycles at the Silver Hill Experi­

mental Radio Station. An output of 100 watts was also obtained at 

this frequency without the use of additional tubes. A block schematic 

of the transmitter is shown in figure 1. A photograph of the trans­

mitter installed in the control tower at Indianapolis Airport is shown 

in figure 2. 

The antenna consisted of a vertical copper tube approximately 

one-half wavelength long, fed by the transmitter by means of a 3/8 i n c h 

coaxial cable through a quarter-wave, open-wire impedance matching 

transformer. The antenna and matching section have an overall length 

of 5 feet - 3 inches. This was installed on top of an iron pipe above 

the airport beacon l ight , about 50 feet above ground. Two v i e»o f the 

antenna system are shown in figures 3 and 4, 

The Bell Telephone Laboratories receiver, shown by block dia­

gram in figure 5, was a crystal controlled superheterodyne and was in­

stalled in Bureau airplane NS-52. A vertical rod antenna approximately 

1-1/2 feet long was erected above the fuselage of the airplane. 

The RCA Manufacturing Company equipped i t s Waco airplane with 

a crystal controlled superheterodyne receiver, shown in block diagram 

figure 6. The antenna consisted of a half-wave vertical wire, suspended 

from the horizontal transmitting antenna, such that one-half of it was 

above the fuselage and the other half was inside the fuselage. A 

twisted pair feeder was run horizontally from the center of the antenna 

to the receiver. The RCA installation was equipped with a meter, cal i ­

brated to read microvolts input to the receiver. 

Both receivers used in the tests were equipped with automatic 

volume control. 
6^/ 
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FLIGHT TESTS 

Numerous f l i g h t s w a r e made w i t h b o t h a i r p l a n e s , p a r t i c u l a r l y 

a l o n g t h a f o u r c o u r s e s o f t h e I n d i a n a p o l i s r a d i o rang© and d i r e c t l y 

o v e r and i n t h e v i c i n i t y o f t h e a n t e n n a . D u r i n g e a c h f l i g h t , t r a n s ­

m i s s i o n s w e r e mad® i n a l t e r n a t e h a l f - m i n u t e p e r i o d s u s i n g v o i c e modu ­

l a t i o n and t h e 1020 c y c l e t o n e . 

The r e s u l t s o b t a i n e d i n b o t h s h i p s w e r e s i m i l a r , w i t h t h e 

e x c e p t i o n t h a t t h e s i g n a l s c o u l d be h e a r d somewhat f a r t h e r i n t h e RCA 

Waco t h a n i n N S - 6 2 , due t o l e s s i g n i t i o n n o i s e and c o n s i d e r a b l y l e s s 

d i r e c t i v i t y o f t h e r e c e i v i n g a n t e n n a . The a n t e n n a on NS-62 was some­

wha t d i r e c t i v e , b e i n g p a r t i c u l a r l y e f f e c t i v e o v e r b o t h w i n g s and 

s l i g h t l y l e a s t o t h e r e a r . It i s b e l i e v e d t h a t t h i s d i r e c t i v i t y 

i n t h e m a i n due t o r e f l e c t i o n e f f e c t s f r o m t h e f o u r f o o t s t a n d a r d 

r a d i o r a n g e a n t e n n a mast l o c a t e d a f e w f e e t b e h i n d t h e 125 m e g a c y c l e 

r o d a n t e n n a . 

F l i g h t s i n N S - 6 2 , o v e r t h e t r a n s m i t t i n g a n t e n n a and w i t h i n 

a r a d i u s o f o n e - h a l f m i l e , i n d i c a t e d t h e p r e s e n c e o f s e v e r a l h i g h a n g l e 

l o b e s i n t h e f i e l d p a t t e r n . T h e s e l o b e s a r e t o b e e x p e c t e d , s i n c e t h e 

t r a n s m i t t i n g a n t e n n a i s a number o f w a v e - l e n g t h s a b o v e t h e g r o u n d . 

D u r i n g a l l t h e f l i g h t s t h e 500 w a t t L o r e n z g l i d e p a t h t r a n s m i t t e r (33 M c ) , 

t h e B u r e a u o f A i r Commerce g l i d e p a t h t r a o s m i t t e r (91 M c ) , and m a r k e r 

t r a n s m i t t e r (75 M c ) , w e r e a l l i n o p e r a t i o n . At no t i m e d u r i n g t h e t e s t s 

was a n y i n t e r f e r e n c e n o t e d i n e i t h e r o f t h e two a i r p l a n e s . 

T h e c u r v e o f f i g u r e 7 shows t h e computed o p t i c a l p a t h d i s t a n c e 

f r o m t h e t r a n s m i t t e r . On t h i s c u r v e s h e e t , t h e c r o s s - p o i n t s mark 
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d i s t a n c e s and a l t i t u d e s i n a l l d i r e c t i o n s f r o m t h e t r a n s m i t t e r a t which 

good q u a l i t y s p e e c h r e c e p t i o n was p o s s i b l e i n N S - 5 2 . T h e c i r c l e - p o i n t s 

r e p r e s e n t s i m i l a r r e c e p t i o n c o n d i t i o n s i n t h e SCA Waco a l r p l a n © 0 It i a 

s e e n f r o m f i g u r e 7 t h a t good r e c e p t i o n was o b t a i n e d in t h e Waco a t 

s l i g h t l y b e l o w line-o f - s i gh t d i s t a n c e f r o m t h e t r a n s m i t t e r as i n d i c a t e d 

b y p o i n t s b e t w e e n 45 and 62 m i l e s d i s t a n c e . Due t o t h e h i g h i g n i t i o n 

n o i e e in N S - 5 2 , h i g h e r a l t i t u d e s we re n e c e s s a r y a t t h e same d i s t a n c e s . 

S e v e r a l days p r e v i o u s t o t h e s e t e s t s , t h e 15 w a t t , 278 k i l o ­

c y c l e a i r p o r t c o n t r o l t r a n s m i t t e r and h i g h f r e q u e n c y r e c e i v e r s w e r e i n ­

s t a l l e d i n t h e c o n t r o l t o w e r , w h i c h made i t p o s s i b l e t o o b t a i n a d i r e c t 

c o m p a r i s o n b e t w e e n 278 k i l o c y c l e s and 125 m e g a c y c l e s d u r i n g t h e f l i g h t s . 

U n d e r n o r m a l c o n d i t i o n s o f s t a t i c , t h e 278 k i l o c y c l e s i g n a l s c o u l d b© 

h e a r d up t o abou t 15 m i l e s w i t h g o o d i n t e l l i g i b i l i t y , w h e r e a s t h e 125 

m e g a c y c l e s c o u l d b e h e a r d w i t h e x c e l l e n t s t r e n g t h up t o 45 m i l e s a t 

1000 f e e t a l t i t u d e o r h i g h e r . 

On M a y 2 9 , 1937, a f l i g h t was mad© i n NS-62 o n t h e T e r r a H a u t e 

l e g o f t h e I n d i a n a p o l i s r a d i o r a n g e u n d e r s e v e r e s t a t i c c o n d i t i o n s . The 

278 k i l o c y c l e a i r p o r t c o n t r o l s i g n a l s w e r e s a t i s f a c t o r y f o r 2 t o 3 m i l e s 

f r o m t h e a i r p o r t , and became u n i n t e l l i g i b l e a t 10 m i l e s d i s t a n c e . Beyond 

15 m i l e s , i t was i m p o s s i b l e t o d e t e c t t h e p r e s e n c e o f a n y 278 k i l o c y c l e 

t r a n s m i s s i o n s . The r a d i o r a n g e , w h i c h has an o u t p u t o f 1000 w a t t s , c o u l d 

be f o l l o w e d ou t t o 15 m i l e s d i s t a n c e , whan c o u r s e s i g n a l s became o b l i t e r ­

a t e d b y s t a t i c . The 125 m e g a c y c l e v o i c e s i g n a l s w e r e r e c e i v e d w i t h a b ­

s o l u t e c l a r i t y , f r e e f r o m a n y s t a t i c d i s t u r b a n c e s t o F u t n a m v i l l e , I n d i a n a , 
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a d i s t a n c e o f 42 m i l e s , a t 2000 f e e t a l t i t u d e . The f l i g h t was not 

e x t e n d e d b e y o n d t h i s p o i n t due t o a v e r y heavy t h u n d e r s t o r m -

One f l i g h t was made i n t h e Waco a t a c o n s t a n t a l t i t u d e o f 

1000 f e e t , t o w a r d R i c h m o n d , I n d i a n a . R e a d i n g s o f s i g n a l i n p u t t o 

t h e r e c e i v e r w e r e made a t v a r i o u s d i s t a n c e s f r o m the t r a n s a i t t e r . 

The r e s u l t s o f t h i s t e s t a r e shown i n f i g u r e 8 . V e r y good q u a l i t y 

s p e e c h c o u l d b e r e c e i v e d down t o 100 m i c r o v o l t s i n p u t to t h e receiver, 

c o r r e s p o n d i n g t o about 45 m i l e s d i s t a n c e a t 1000 f e e t a l t i t u d e . T h i s 

same i n p u t was r e c e i v e d a t 62 m i l e s by i n c r e a s i n g a l t i t u d e t o 1500 

f e e t . H o w e v e r , i n t e l l i g i b l e s p e e c h t h r o u g h c o n s i d e r a b l e i g n i t i o n 

n o i s e c o u l d be r e c e i v e d a t t h e same d i s t a n c e a t 1000 f e e t a l t i t u d e . 

The computed o p t i c a l p a t h a l t i t u d e f o r 62 m i l e s i s a p p r o x i m a t e l y 1900 

f e e t . 

RESULTS 

T h e r e s u l t s o b t a i n e d i n t h e f l i g h t tests o n 125 m e g a c y c l e s 

a t I n d i a n a p o l i s i n d i c a t e t h a t f r e q u e n c i e s i n t h i s n e i g h b o r h o o d are 

v e r y s u i t a b l e f o r a i r p o r t t r a f f i c c o n t r o l , and s h o u l d p r o v i d e a much 

b e t t e r s e r v i c e t h a n 278 k i l o c y c l e s . O f g r e a t e s t i m p o r t a n c e i s t h e i r 

f r e e d o m f r o m a t a o s p h e r i c d i s t u r b a n c e s , p a r t i c u l a r l y u n d e r b a d w e a t h e r 

c o n d i t i o n s when t h e 278 k i l o c y c l e f r e q u e n c y f a i l s . T h i s was amp ly 

d e m o n s t r a t e d i n t h e f l i g h t t o T e r r e H a u t e d u r i n g a s t o r m , when t h e 

266 k i l o c y c l e s i g n a l s f r o m a 1000 w a t t r a d i o r a n g e t r a n s m i t t e r and t h e 

278 k i l o c y c l e s i g n a l s f r o m t h e 15 w a t t t r a f f i c c o n t r o l t r a n s m i t t e r 

w e r e b o t h o b l i t e r a t e d a t l e s s t h a n 15 m i l e s f r o m t h e a i r p o r t , whe reas 

t h e 125 m e g a c y c l e s i g n a l s o f t h e 100 w a t t t r a n s m i t t e r were c l e a r up t o 

42 m i l e s a t 2000 f e e t a l t i t u d e . 



The results of the constant altitude flight s h o F that P i t h 

the equipment used in these tests good voice quality reception may 

he obtained within or slightly beyond optical path distances up tc 

altitudes of about 1000 feet. At higher altitudes, indications are 

that good reception can be obtained considerably beyond tha opticsl 

distance. Tha limiting factor in these observations ^as the ignition 

noise due to imperfect shielding, which permitted good voice reception 

down to about 100 microvolts input to the receiver in xh© eass of tha 

saco installation, and somewhat less in the case of the NS-62 instal­

lation, 

CONCLUSIONS 

It is concluded that: 

(1) Further flight tests should be made by the Bureau, particular­

ly under heavy r a m static conditions. 

(2) Attention should be directed toward the improvement of air­

craft antennas and receiver installations to eliminate antenna dirse-

tivity and reduce ignition noises to a minimum. Indications are that 

the shielding and bonding requirements of apparatus in airplanes at 

ultra high frequencies is of somewhat greater importance than at low 

frequencies, but no great difficulty with ignition noise is anticipated. 

(3) The Bureau should consider taking steps to encourage tne use 

of* frequencies in the band 129-132 megacycles for airport traffic con­

trol and discourage the further use of 276 kilocycles for this service. 

Due to the propagation characteristics of the ultra high frequencies, 

the interference problem between ground stations at various airports 

should be minimized, since it is known that these frequencies are not 
6& 
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reflected from the HeaviBide layer, and folio? an essentially optical 

path. Although a 100 watt transnitter was used in these tes t s , i t i s 

quite probable that 25 watts wil l he sufficient and should materially 

reduce the interference zones between airports. However, until suf­

ficient experience is gained at a number of airport installations, 

this power should not be reduced below 100 watts. 
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Fig. 2 - The transmtter installed m the control 
tower at the Indianapolis Airport 



Fig. 3 - Vertical antenna installed above control tower 
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Fig, 4 - Close-tip view of the antenna and matching section 
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