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FOREWORD 

The a u t h o r w i s h e s t o acknow ledge t h e a b l e a s s i s t a n c e 

and c o o p e r a t i o n o f many p e o p l e i n t h e a i r l i n e c o m p a n i e s , 

r a d i o l a b o r a t o r i e s , and o t h e r government and commerc i a l o r ­

g a n i z a t i o n s , w i t h o u t whose v a l u a b l e c o n t r i b u t i o n s t h i s r e ­

p o r t and t h e r e s u l t s d e s c r i b e d t h e r e i n w o u l d no t h a v e b e a n 

p o s s i b l e . 



REPOBT ON THE STATUS OP INSTRUMENT LANDING SYSTIMS 

By 

W. £. J a c k s o n 

SUMMARY 

Dur ing t l ie pas t t e n y e a r s a l a r g e number o f i ns t rument 

l a n d i n g systems have undergone development and t e s t s and a c o n s i d e r ­

ab le fund o f i n f o r m a t i o n has been accumulated conce rn ing t h e s h o r t ­

comings and advantages o f each . The ma jo r a i r l i n e s o f t he U n i t e d 

S t a t e s , t he F e d e r a l Communicat ions Commission, t he Bureau o f A i r 

Commerce, and t he Sub-Committee on Ins t rumen t L a n d i n g D e v i c e s o f 

t h e Radio T e c h n i c a l Committee f o r A e r o n a u t i c s have reached an a g r e e ­

ment as t o t h e fundamental e lements wh ich Bhou ld be i n c o r p o r a t e d i n 

a p r a c t i c a l inst rument l a n d i n g system and have a l s o o u t l i n e d a p r o ­

gram of p r o j e c t e d development . H a v i n g t h i s agreement, i t i e now 

p o s s i b l e f o r a l l i n t e r e s t e d o r g a n i z a t i o n s t o p r o c e e d w i t h t h e p e r ­

f e c t i o n o f a p r a c t i c a l system b y combining t he s u p e r i o r f e a t u r e s o f 

t he systems wh ich have been t e s t e d and t o c a r r y on development wh i ch 

w l l L f u r t h e r augment t h i s sys tem. At p r e s e n t , t h e ma jo r a i r l i n e s a r e 

p l a n n i n g to i n s t a l l a number o f i ns t rumen t l a n d i n g sys tems, h a v i n g 

t h e fundamental e lements ag reed upon b y t h e above ment ioned o r g a n l -

a t i o n s , t o be used on an e x p e r i m e n t a l and p i l o t t r a i n i n g b a s i s . I t 

i s recommended t h a t the Bureau o f A i r Commerce sponso r f u r t h e r d e v e l o p ­

ment o f ins t rument l a n d i n g equipment u n t i l i t meets t he a p p r o v a l o f a l l 

concerned w i t h r e g a r d to o p e r a t i o n , r e l i a b i l i t y and ease o f maintenance 

as w e l l as fundamental e lements . When t h i s c o n d i t i o n i s r e a c h e d , i t 

i s reconmended t h a t t he Bureau o f A i r Commerce p u r c h a s e , i n s t a l l and 

o p e r a t e a number o f t hese ins t rument l a n d i n g systems at v a r i o u s a i r p o r t s 

t h roughou t t he U n i t e d S t a t e s on an expe r imen ta l b a s i s . 
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INTRODUCTION 

About t he t i n e t h a t d i r e c t i o n a l r a d i o f a c i l i t i e s were b e i n g 

c o n s i d e r e d as an a i d to t he n a v i g a t i o n o f a i r c r a f t under c o n d i t i o n s 

of r e s t r i c t e d o r z e r o v i s i b i l i t y , i t became apparent t h a t , w i t h f u r t h e r 

m o d i f i c a t i o n s , d i r e c t i o n a l r a d i o t r a n s m i s s i o n c o u l d be u t i l i z e d t o 

a s s i s t a p i l o t i n l a n d i n g an a i r p l a n e where a low o r ze ro c e i l i n g p r e ­

v a i l e d . A l t hough some work was done as e a r l y as 1919, no e s p e c i a l l y 

p rom is i ng r e s u l t s were o b t a i n e d u n t i l about 1929 when the Bureau o f 

S tandards p roduced a complete ins t rument l a n d i n g sys tem. F o l l o w i n g 

t h i s , s e v e r a l s o l u t i o n s t o t h e prob lem have been p r o p o s e d , a l l of wh ich 

can be g r o u p e r as f o l l o w s f i r s t , t h o s e wh ich employ r a d i o t r a n s m i s s i o n 

m e r e l y as a means o f enab l i ng an a i r p l a n e p i l o t t o o r i e n t h i m s e l f m a 

h o r i z o n t a l p l a n e , a f t e r wh i ch he must depend on an a l t i m e t e r i n making 

the f i n a l l a n d i n g maneuver , second , arrangements i n wh ich r a d i o t r a n s ­

m i s s i o n s u p p l i e s t h e p i l o t w i t h b o t h l a t e r a l and v e r t i c a l gu idance u s ­

ing t h e a l t i m e t e r o n l y t o check t he r a d i o i n d i c a t i o n s , end t h i r d , methods 

employing a medium o t h e r t h a n r a d i o f o r t h e t r a n s m i e s i o n o f l a n d i n g i n ­

f o r m a t i o n to the p i l o t . I n t h i s r e p o r t , p r o g r e s s i n t h e development o f 

systems f a l l i n g under t h e f i r s t two c l a s s i f i c a t i o n s w i l l be o u t l i n e d . 

S t u d y and development o f methods f a l l i n g under the t h i r d group i s p r o ­

g r e s s i n g and w i l l be made the s u b j e c t o f a l a t e r r e p o r t . 

DESCRIPTION AND DISCUSSION OF DEVELOPMENT 

Bureau o f S tandards Developments 

I n 1919 the Bureau o f S tandards deve loped e x p e r i m e n t a l l y a \ 

r a d i o system t o a i d a i r p l a n e s l a n d i n g d u r i n g poor v i s i b i l i t y The system 

compr ised the use o f a d i r e c t i o n f i n d e r on t h e a i r p l a n e i n c o n j u n c t i o n 

w i t h a marker beacon t o l o o a l i z e the l a n d i n g f i e l d . ^ The marker beacon 
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employed two h o r i z o n t a l l o o p an tennae , one above t h e o t h e r . I t 

p roduced a v e r t i c a l d i s t r i b u t i o n o f i n t e n s i t y , i n c l u d i n g a cone o f 

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

l a n d i n g f i e l d . The t r a n s m i t t e r used was a h a l f k i l o w a t t spark t r a n s ­

m i t t e r o p e r a t i n g on a p p r o x i m a t e l y 300 k c . 

I n 19£8 the Bureau o f S tandards deve loped f o r t he A e r o n a u t i c s 

B ranch o f t he Department o f Commerce (now t h e Bureau o f A i r Commerce) 

a b l i n d l a n d i n g system c o m p r i s i n g a r a d i o range i n c o n j u n c t i o n w i t h 

marker beacons . I n t h i s sys tem, t h e r a d i o range i s p l a c e d nea r t h e 

l a n d i n g f i e l d <and one cou rse i s a l i g n e d w i t h t h e runway on wh ich i t 

i s d e s i r e d t o l a n d One o r more marker beacons a re l o c a t e d on t h e 

cou rse at s u i t a b l e d i s t a n c e s f rom t h e d e s i r e d p o i n t o f l a n d i n g t o g i v e 

t he p i l o t an i n d i c a t i o n o f h i s d i s t a n c e t h e r e f r o m and t h e r e b y t o a s s i s t 

him I n s u i t a b l y c o n t r o l l i n g t h e a l t i t u d e o f h i s a i r p l a n e as i n d i c a t e d 

b y e i t h e r a b a r o m e t r i c o r an a b s o l u t e a l t i m e t e r . A r e p o r t o u t l i n i n g 

" th is system was subm i t t ed t o t h e D a n i e l Guggenheim Fund f o r t h e P r o ­

m o t i o n o f A e r o n a u t i c s i n 1926. A runway l o c a l i z e r ( r a d i o range w i t h 

cou rse a l i g n e d w i t h runway) and marker beacon were i n s t a l l e d b y t h e 

2 

Bureau at M i t c h e l l F i e l d i n 1929 f o r b l i n d l a n d i n g e x p e r i m e n t s . U s i n g 

t h e runway l o c a l i z e r and i t s cone o f s i l e n c e as a marker beacon , p i l o t 

L i e u t e n a n t J . H . D o o l i t t l e o f t he Guggenheim Fund made t h e f i r s t s u c ­

c e s s f u l i ns t rumen t l a n d i n g i n h i s t o r y on September 24, 1929. O t h e r 

l a n d i n g s were made i n l a t e r months, u s i n g b o t h t h e marker beacon and 

the runway l o c a l i z e r . T h i s t;ype o f sys tem, compr i s ing o n l y t h e r a d i o 

range and marker beacons , i e sometimes c a l l e d a r a d i o approach s y s t e m . 

lb? of 
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L i e u t e n a n t D o o l i t t l e d i d no tab le work on t h e development 

o f the n o n - r a d i o i ns t rumen ts r e q u i r e d i n making an ins t rumen t l a n d i n g , 

and on t h e i r g r o u p i n g on t h e i ns t rumen t p a n e l t o f a c i l i t a t e u s e b y 

t he p i l o t . He was one o f the f i r s t t o r e c o g n i z e t he need f o r an a r t i ­

f i c i a l h o r i z o n i ns t rumen t and a d i r e c t i o n a l gy roscope and c o o p e r a t e d 

w i t h t h e S p e r r y Development Company i n t h e i r d e s i g n . Both o f t h e s e 

i ns t rumen ts and many o f h i s i d e a s f o r ins t rument g r o u p i n g have s i n c e 

been g e n e r a l l y adop ted i n a v i a t i o n . 

These systems p r o v i d e d t h e p i l o t w i t h l a t e r a l and l o n g i t u d i n a l 

gu idance . The impor tan t Btep o f p r o v i d i n g gu idance i n t h e v e r t i c a l -

p l a n e , t hus a c h i e v i n g a complete t h r e e - d i m e n s i o n a l sys tem, was c o n c e i v e d 

by t h e Bu reau o f S tandards i n 19E9 To t h e e q u i s i g n a l runway l o c a l i z e r 

and t he marker beacons was added a beam i n t h e v e r t i c a l p l a n e wh i ch p r o ­

v i d e d a c o n s t a n t - i n t e n s i t y g l i d e p a t h o f c o n v e n i e n t shape f o r easy l e n d i n g . 

The equipment was s e t up and t h e system d e v e l o p e d at C o l l e g e P a r k , Md. 

The g l i d e pa th was o b t a i n e d f rom an u l t r a - h i g h f r e q u e n c y t r a n s m i t t e r 

u t i l i z i n g a h o r i z o n t a l l y p o l a r i z e d d i r e c t i v e a r r a y o p e r a t i n g on 90.8 Mc. 

The runway l o c a l i z e r u t i l i z e d sma l l m u l t i - t u r n loops wh ich o p e r a t e d on 

278 k c . The ruarker beacons u s e d l o n g low t r a n s m i s s i o n l i n e antennas and 

o p e r a t e d on 3105 k c . A complete m o n i t o r i n g sys tem was added. The f i r s t 

b l i n d l a n d i n g w i t h t h i s system was made b y p i l o t M. 5. Boggs a t C o l l e g e 

P a r k , September 5, 1931. A second i n s t a l l a t i o n was made b y t he Bureau 

of S tandards at Newark, N . J . , i n 1933, where o v e r a hundred b l i n d 

l a n d i n g s were made . * A t h i r d i n s t a l l a t i o n was made by t h e Bureau o f 

S tandards at Oak land , C a l i f , i n 1934. The system was p l a n n e d t o r e ­

q u i r e a minimum o f m a n i p u l a t i o n o f r a d i o c o n t r o l s by t h e l a n d i n g p i l o t 

and to s i m p l i f y t he i n t e r p r e t a t i o n o f t h e r a d i o s i g n a l s r e c e i v e d To 
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t h i s end, v i s u a l r u n w a y - l o c a l i z e r and land ing-beam course i n d i c a t i o n s 

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

c o n t r o l m a n i p u l a t i o n was e l i m i n a t e d , and d i s t i n c t i v e modu la t i on o f t h e 

approach and boundary marker beacons was employed 

D u r i n g 1933 and 1934, t e s t f l i g h t s o f t h e Newark i n s t a l l a t i o n 

b y a i r t r a n s p o r t p i l o t s i n a i r p l a n e s equipped f o r t he purpose by t h e 

U n i t e d A i r L i n e s and T r a n s c o n t i n e n t a l Western A i r s e r v e d t o i n d i c a t e 

t he p r a c t i c a b i l i t y o f the fundamental p r i n c i p l e s o f t h e system and 

p o i n t e d t o d e s i r e d improvements. Reduc t i on o f c o s t o f t he g round s t a t i o n 

equipment, e l i m i n a t i o n o f t h e s l i g h t bends i n t h e runway l o c a l i z e r course 

caused by t he p resence o f r a i l r o a d t r a c k s , power l i n e s , e t c . , and i n ­

c rease o f t he s lope o f t h e l a n d i n g p a t h were d e s i r e d . The Bureau o f 

S tandards coopera ted i n t h e t e s t s and , at C o l l e g e P a r k , con t i nued i t s 

work on improv ing t h e sys tem. T e s t s were made on a combined runway 

l o c a l i z e r and l a n d i n g beam o p e r a t i n g on a s i n g l e u l t r a - h i g h f r e q u e n c y , 

and o n a method f o r p l a c i n g the l a n d i n g beam ( o r the combined system) 

i n a p i t at t h e c e n t e r o f an a i r p o r t i n o r d e r t o i n c r e a s e t h e s l o p e o f 

t h e l a n d i n g p a t h and t o a f f o r d s e r v i c e f o r a l l w ind d i r e c t i o n s * The 

s i m p l i f i c a t i o n o f t he combined system when u s i n g v e r t i c a l l y p o l a r i z e d 

waves l e d t o a s t u d y o f t he r e l a t i v e advantages o f h o r i z o n t a l and v e r ­

t i c a l p o l a r i z a t i o n ; t h i s s tudy r e v e a l e d t h a t h o r i z o n t a l p o l a r i z a t i o n was 

p r e f e r a b l e f o r s a f e use o f the l a n d i n g beam, inasmuch as t h e g l i d e p a t h 

wou ld drop w i t h snow f a l l when u s i n g v e r t i c a l l y p o l a r i z e d waves whereas 

t he g l i d e p a t h wou ld r i s e w i t h h o r i z o n t a l l y p o l a r i z e d waves under s i m i l a r 

c o n d i t i o n s . Reverse d i r e c t i o n a l e f f e c t s i n t h e runway course i n d i c a t i o n s 

when u s i n g h o r i z o n t a l l y p o l a r i z e d waves l e d t o t h e development o f s p e c i a l 

n o n - d l r e o t i o n a l r e c e i v i n g antennas t o overcome t h i s e f f e c t . 

Ufof 
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A i rways D i v i s i o n Development 

I n 1933 t h e A i r w a y s D i v i s i o n o f t h e Department o f Commerce 

deve loped and i n s t a l l e d a t Newark, N . J . , what i s p r o b a b l y t h e s im­

p l e s t inst rument l a n d i n g sys tem.^ I t used t he c o n v e n t i o n a l r a d i o 

range augmented b y an o m n i d i r e c t i o n a l r a d i o marker and a Kol leman 

a l t i m e t e r on t h e a i r p l a n e . I n t h i s system t h e r a d i o range i s l o c a t e d 

about two m i l e s from t h e a i r p o r t and has one cou rse a l i g n e d w i t h -the 

runway on wh i ch ins t rument l a n d i n g s a re t o be made. The marker t r a n s ­

m i t t e r and i t s antenna are l o c a t e d on t h e r a d i o range course 1000 f e e t 

o u t s i d e t h e a i r p o r t bounda ry . A c a r r i e r f r e q u e n c y d i f f e r i n g f rom t h a t 

o f the r a d i o range by one k i l o c y c l e i s used f o r the marker t r a n s m i t t e r . 

I n a d d i t i o n , i t i s modulated b y an aud io f r e q u e n c y s e v e r a l hundred 

c y c l e s be low t h e range modu la t ing f r e q u e n c y . 

I n o r d e r t o make a l a n d i n g t h r o u g h t h e use o f t h e s e f a c i l i t i e s , 

t he p i l o t approaches t he a i r p o r t f l y i n g a t 1000 f e e t on t h e cou rse w h i c h 

i s the r e c i p r o c a l o f t h a t p r o j e c t i n g a long t h e runway. As t h e a i r p l a n e 

passes o v e r t h e r a d i o r a n g e , t h e p i l o t obse rves t he cone o f s i l e n c e and 

immediate ly reduces t h e speed o f h i s eng ines end pu ts t h e a i r p l a n e i n t o 

a normal g l i d e . As t h e l e t - d o w n i s c o n t i n u e d , the a i r p l a n e i s h e l d on 

t h e r a d i o range cou rse u s i n g a d i r e c t i o n a l g y r o compass b e a r i n g as a 

check . When t h e marker beacon s i g n a l i s d e t e c t e d , t h e a i r p l a n e s h o u l d 

have descended t o 100 f e e t , and t h i s p r o v i d e s t h e p i l o t w i t h a check on 

h i s p r o g r e s s i n t h e l e t t i n g - d o w n maneuver. I f t h e a i r p l a n e has been 

g l i d i n g at t h e p r o p e r a n g l e , t h i s a l t i t u d e w i l l have been reached and 

the p i l o t can p r o c e e d t o l a n d on t h e runway. O t h e r w i s e , he must c l imb 

t o 1000 f e e t and repea t t h e p r o c e d u r e , making such c o r r e c t i o n s i n t h e 

a i r p l a n e speed as appear n e c e s s a r y t o compensate f o r w ind v e l o c i t y . 
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A v a r i a t i o n i n t h i s system was i n s t a l l e d a t Washington, D. C . t 

i n 1933 and i s d e s c r i b e d i n d e t a i l i n t h e re fe rences I t u t i l i z e s an 

a d d i t i o n a l r a d i o marker i n s t a l l e d 2% m i l e s d i s t a n t from the a i r p o r t 

boundary on t h e course s e l e c t e d f o r ins t rument l a n d i n g s . I t ope ra tes on 

t h e same radj,o f requency as t he boundary marker and i s modulated by two 

aud io f r e q u e n c i e s keyed a l t e r n a t e l y . The l o d u l a t i o n f requency o f t he 

boundary marker i s not keyed and d i f f e r s from bo th o f the o u t e r marker 

m o d u l a t i o n s . A l s o , t h e r a d i o range beacon i s l o c a t e d on t he s i d e o f 

t he a i r p o r t o p p o s i t e t h a t on which t h e markers are s i t u a t e d . The p r o ­

cedure f o l l o w e d i s d i f f e r e n t from, t h a t o f t he f i r s t system m t h a t t he 

p i l o t makes h i s approach f l y i n g toward t he range s t a t i o n r a t h e r than 

away from i t and the s i g n a l from, the o u t e r marker i n s t e a d o f t he r a d i o 

range cone o f s i l e n c e i s used t o warn t h e p i l o t t h a t he shou ld b e g i n h i s 

g l i d e . Much o f t h e success o f e i t h e r system depends on t h e accu racy o f 

t he b a r o m e t r i c a l t i m e t e r , none o f wh ich at t he p r e s e n t t ime can be r e l i e d 

upon t o g i v e a r e a d i n g h a v i n g a t o l e r a n c e o f l e s s t h a n p l u s o r minus f o r t y 

f e e t . F o r t h i s r e a s o n , ins t rument l and ings w i t h e i t h e r s y s t e n a re no t 

c o n s i d e r e d f e a s i b l e s i n c e t he p o s s i b i l i t y o f unde rshoo t i ng o r o v e r s h o o t i n g 

the l a n d i n g a rea i s t o o g r e a t . However , t hese f a c i l i t i e s do a s s i s t t h e 

p i l o t t o f l y i n under a 100 f o o t c e i l i n g and make a con tac t l a n d i n g . 

E a r l y Development o f t he L o r e n z System 

I n 1933, Kramar d e s c r i b e d a b l i n d l a n d i n g system which had been 

t e s t e d i n E u r o p e . I t c o n s i s t e d o f an u l t r a - h i g h f r e q u e n c y t r a n s m i t t e r 

o p e r a t i n g on a f requency o f 43 Mc , wh ich was so l o c a t e d w i t h r e s p e c t t o 

t h e a i r p o r t t h a t an ins t rument l a n d i n g c o a l d be made. A p i l o t making a 

l a n d i n g w i t h t h i s system f i r s t f l ew ove r the cone o f s i l e n c e at an a l t i t u d e 

o f 650 f e e t . At t h i s e l e v a t i o n , the cone o f s i l e n c e l a s t e d a p p r o x i m a t e l y 

tt>fO( 
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4 o r 5 seconds , depending on t h e speed o f t he a i r p l a n e . Immedia te ly 

a f t e r p a s s i n g t h r o u g h the cone o f s i l e n c e , t h e g l i d e t o t h e a i r p o r t was 

begun and t h e a i r p l a n e was maneuvered a long a r a d i o range cou rse a t a 

g l i d i n g ang le wh ich wou ld permi t i t t o con tac t t he runway at t h e p r o p e r 

p o i n t . 

Army Development 

I n 1932 and 1933, t he A i r Corps at Wr igh t F i e l d under t he 

d i r e c t i o n o f C a p t a i n Hegenberger deve loped an ins t rument l a n d i n g system 

which was un ique i n i t s s i m p l i c i t y o f o p e r a t i o n and the f l e x i b i l i t y 

w i t h wh ich i t c o u l d be used under v a r y i n g wind c o n d i t i o n s . T h i s system 

was adopted by t h e Bureau o f A i r Commerce and i n s t a l l a t i o n s were begun 

9 

at 36 a i r p o r t s t h roughou t t he U n i t e d S t a t e s . T h i s program was neve r 

completed due p r i m a r i l y t o t h e f a c t t h a t a m a j o r i t y o f t he a i r l i n e s f e l t 

t h a t i t d i d not g i v e s u f f i c i e n t l y p r e c i s e i n d i c a t i o n s f o r safe com­

m e r c i a l u s e . T h i s system i s d e s c r i b e d i n t h e A i r Commerce B u l l e t i n , 

V o l . 6, No . b, and b y Jackson i n t h e N a t i o n a l S a f e t y N e w s , ^ 0 and b y 

Jackson and Hromada i n Penders Handbook. The ma jo r d i sadvan tage o f 

t he Army approach system was t h a t i t a i d not g i v e a p r e c i s e a b s o l u t e 

a l t i t u d e i n d i c a t i o n , s i n c e t h a t f u r n i s h e d b y t he Ko l lsman s e n s i t i v e 

a l t i m e t e r c o u l d o n l y be r e l i e d upon w i t h i n p l u s o r minus 40 f e e t under 

a l l p r a c t i c a l c o n d i t i o n s . Fu r the rmore , i t d i d no t p r o v i d e a w e l l - d e f i n e d 

l a t e r a l p a t h , but gave a r a d i o compass heading wh ich wou ld c o n t i n u a l l y 

change w i t h any c r o s s wind component. The major advantage o f t he Army 

system was t h a t i t was s imp le to f l y , wh i ch made i t p o s s i b l e f o r t he 

p i l o t t o q u i c k l y o r i e n t h i m s e l f and p l a c e d no e x t r a burden on t he p i l o t 

as he f o l l o w e d the r a d i o compass i n d i c a t o r . 
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Washington I n s t i t u t e o f T e c h n o l o g y Development 

I n 1933, t h e Washington I n s t i t u t e o f T e c h n o l o g y was o r g a n i z e d 

f o r the purpose o f f u r t h e r deve lop i ng and commerc ia l i z i ng t h e Bureau 

o f S tandards ins t rument l a n d i n g sys tem. 

I n 1935 t h i s o r g a n i z a t i o n p roduced an exper imen ta l setup u t i l ­

i z i n g t he A - I v i s u a l i n d i c a t i o n method deve loped by t he Bureau o f A i r 

Commeroe, b u t , a f t e r a s h o r t p e r i o d o f f l i g h t t e s t i n g by t h e U n i t e d 

A i r L i n e s , t h e use o f t h e A - I i n d i c a t o r f o r t he l o c a l i z e r was abandoned 

T h i s system c o n s i s t e d o f a g l i d e p a t h ope ra ted on app rox ima te l y 93 Mc, 

t h e v i s u a l runway l o c a l i z e r opera ted on a f r equency o f 278 kc and an 

a u r a l marker beacon on t he same f r e q u e n c y as t h e runway l o c a l i z e r . A l l 

o f the g round equipment, except t h e marker beacon, was mounted i n an 

automobi le t r a i l e r t o permi t t he o p e r a t i o n o f t he system i n any d i r e c t i o n . 

Conc re te p l a t f o r m s and power o u t l e t s f o r t h e t r a i l e r were p r o v i d e d at 

t h e end o f each runway. The t r a i l e r c o u l d be towed t o t h e p o s i t i o n b e s t 

s u i t e d f o r t h e p a r t i c u l a r weather c o n d i t i o n at t h e t ime o f l a n d i n g . 

The l o c a l i z e r t r a n s m i t t e r had a f requency o f 278 kc and a 

power ou tpu t o f app rox ima te l y 400 wa t t s t r a n s m i t t i n g i n t o smal l m u l t i -

t u r n l o o p s enc losed w i t h i n t he t r a i l e r . The k e y i n g used was t h a t o f t h e 

I - A sys tem, t h a t i s , an " I " t r a n s m i t t e d i n t o one l o o p w h i l e an " A " was 

t r a n s m i t t e d i n t o t he o t h e r l o o p . The sma l l loops gave v e r y poor r a d i a t i o n 

e f f i c i e n c y so t h a t the maximum d i s t a n c e o v e r wh ich t h e range c o u l d be 

used was a p p r o x i m a t e l y 15 m i l e s under f a v o r a b l e c o n d i t i o n s and l e s s t h a n 

two m i l e s under heavy s t a t i c c o n d i t i o n s . 

The g l i d e p a t h t r a n s m i t t e r o p e r a t e d at a f r e q u e n c y o f a p p r o x i ­

m a t e l y 93 Me and had an ou tpu t o f app rox ima te l y 400 w a t t s . The antenna 
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a r r a y u t i l i z e d h o r i z o n t a l p o l a r i z a t i o n and c o n s i a t e d o f f o u r h a l f - w a v e 

antennas f ed i n phase and f o u r r e f l e c t o r s . T h i s e n t i r e antenna a r r a y 

was mounted on t he t r a i l e r . The o n l y d i f f i c u l t y o b t a i n e d i n c o n n e c t i o n 

w i t h t h e g l i d e pa th was t h a t , because o f t h e s h o r t runway at C o l l e g e 

P a r k , i ^ was n e c e s s a r y t o a d j u s t t h e pa th so t h a t i t was r e l a t i v e l y 

s teep and the p o i n t o f con tac t f a i r l y c l o s e t o t h e t r a n s m i t t e r , g i v i n g 

o n l y a few hundred f e e t f o r t h e p l a n e t o r o l l a f t e r c o n t a c t i n g t h e 

g r o u n d . T h i s would be e l i m i n a t e d on a l a r g e r a i r p o r t by u s i n g e i t h e r a 

h i g h e r s e n s i t i v i t y s e t t i n g on t he r e c e i v e r o r more power a t t h e t r a n s ­

m i t t e r . Under t h e s e c i r cumstances the p a t h wou ld be i d e n t i c a l t o a l l 

systems u s i n g h o r i z o n t a l l y p o l a r i z e d waves . 

The marker beacon c o n s i s t e d o f a t r a n s m i t t e r hav ing a f r e q u e n c y 

o f 278 kc and a maximum power ou tpu t o f a p p r o x i m a t e l y f o u r w a t t s . The 

c a r r i e r was modu la ted at 1200 c y c l e s . The antenna system c o n s i s t e d o f 

a s i n g l e i n s u l a t e d w i r e l a i d on t h e g round . 

A complete m o n i t o r i n g system was p r o v i d e d whereby t h e e q u i p ­

ment c o u l d be t u r n e d on o r o f f a t a remote p o i n t . M o n i t o r l i g h t s were 

p r o v i d e d wh ich i n d i c a t e d when t h e t r a n s m i t t e r s were on o r o f f . I n 

a d d i t i o n , each t r a n s m i t t e r was p r o v i d e d w i t h a c u t - o u t r e l a y wh ich was 

des igned a u t o m a t i c a l l y t o remove power from the t r a n s m i t t e r i f i t s o u t ­

pu t v a r i e d a p p r e c i a b l y from norma l , t hus p r e c l u d i n g t he p o s s i b i l i t y o f 

r a d i a t i n g i n c o r r e c t s i g n a l s . A v i s u a l i n d i o a t o r d e v i c e used i n t he a i r ­

c r a f t t o i n d i c a t e t he r i g h t o r l e f t o f t h e course was s i m i l a r t o t he 

A - I i n d i c a t o r , o r i g i n a l l y deve loped by t h e Bureau o f A i r Commerce. 

A f t e r t hese t e s t a , t h e Washington I n s t i t u t e o f Techno logy 

then c o n t i n u e d the development o f a doub le modu la t i on l o c a l i z e r based 
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on t h e p r i n c i p l e o r i g i n a l l y employed i n t h e Bureau o f Standards 

s y s t e m t h a t i s , one l o o p was modula ted at a f r equency o f 65 c y c l e s , 

w h i l e t he o t h e r was modula ted a t B6.7 c y c l e s . A n o v e l method o f ac ­

comp l i sh ing t h i s m o d u l a t i o n was adopted which r e s u l t e d i n a g rea t im­

provement o v e r t he e a r l i e r scheme. O r i g i n a l l y t h e t r a n s m i t t e r had 

dua l ou tpu t r a d i o f r e q u e n c y a m p l i f i e r channe ls , each o f which was 

modulated at one of t he two f r e q u e n c i e s ment ioned above. Each power 

a m p l i f i e r i ndependen t l y e x c i t e d one o f the l o o p s . The most s e r i o u s 

o b j e c t i o n t o t h i s arrangement was t h a t any change i n emiss ion o f t h e 

tubes i n e i t h e r channe l oaused l o c a l i z e r course v a r i a t i o n s . To o v e r ­

come t h i s d i f f i c u l t y , a s i n g l e power a m p l i f i e r was used w i t h d - c 

p l a t e s u p p l y . M o d u l a t i n g means, not i n c l u d i n g any vacuum t u b e s , were 

connec ted t o t h e ou tpu t o f t h e tank c i r c u i t and t he ou tpu t o f each o f 

t hese was s u p p l i e d t o one of t h e l o o p s . One l o o p was t h e n modulated 

a t 65 c y c l e s , end t h e o t h e r at 66.7 c y c l e s . T h i s arrangement had t he 

advantage t h a t v a r i a t i o n s i n emiss ion v a r i e d each o f t h e f i g u r e - o f -

e i g h t p a t t e r n s s i m u l t a n e o u s l y , and the cou rse a l ignment was no t a f ­

f e c t e d . The course i n d i c a t i o n s were f u r n i s h e d t o t h e p i l o t by means 

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

s i m i l a r t o t h a t o r i g i n a l l y u s e d by t h e Department o f Commerce 

The o r i g i n a l c o n v e r t e r has been somewhat r e d e s i g n e d m e c h a n i c a l l y 

end a ma jo r improvement i n c a l i b r a t i o n p rocedu re deve loped wh ioh g i v e s 

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

Ano the r t ype o f c o n v e r t e r u n i t has been deve loped , i n t e r ­

changeable w i t h and even l i g h t e r t h a n t h e r e e d c o n v e r t e r , whioh i s 

known as t h e T o r s i o n a l t y p e o f c o n v e r t e r . T h i s t y p e of i n d i c a t o r w i l l 

}(>1 of 
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be adopted i f e x t e n s i v e f l i g h t t e s t s p r o v e i t s s u p e r i o r i t y o v e r t he 

o r i g i n a l r e e d t y p e o f c o n v e r t e r . 

A l t hough o n l y one t r a i l e r p l a t f o r m was e s t a b l i s h e d at C o l l e g e 

Park d u r i n g the t e s t s w i t h U n i t e d A i r L i n e s i n 1935, e x t e n s i v e t e s t s 

conducted s i n c e then have shown t h a t no t o n l y w i l l the equipment s tand 

up under usage f a r more s e v e r e t h a n t h a t t o be encoun te red on any a i r ­

p o r t , bu t a l s o t h a t s t a b l e and r e p r o d u c i b l e courses a re ob ta i ned b y 

means o f t he p o s i t i o n i n g p l a t f o r m s used t o l o c a t e t he t r a i l e r . Im ­

provements i n t h e t r a i l e r and t he method o f c o u p l i n g make p o s s i b l e t h e 

change from one p o s i t i o n t o ano ther a ma t te r o f a few m i n u t e s . 

The p resen t equipment f o r conduc t i ng s e r v i c e t e s t s i n c o r p o r a t e s 

a 91 Mc g l i d e p a t h t r a n s m i t t e r , a medium h i g h f r e q u e n c y l o c a l i z e r , and 

a marser beacon on t he l o c a l i z e r f r e q u e n c y , a l l c r y s t a l c o n t r o l l e d . The 

major d i sadvan tage w i t h t h i s system and a l l o t h e r systems u s i n g runway 

l o c a l i z e r s o p e r a t i n g on r e l a t i v e l y low r a d i o f r e q u e n c i e s i s t h e f a c t 

t h a t t he use o f t hese f r e q u e n c i e s i s apt t o g i v e numerous bends and 

m u l t i p l e cou rses wh ich make i t d i f f i c u l t , i f not i m p o s s i b l e , f o r t h e 

p i l o t t o l and on an a i r p o r t c o n s i s t e n t l y under b l i n d c o n d i t i o n s . As 

soon as s u f f i c i e n t da ta i s accumulated on t h e o p e r a t i o n o f an u l t r a 

h i g h f requency l o c a l i z e r , t h i s equipment w i l l be s u b s t i t u t e d . 

T r a n s c o n t i n e n t a l ft Western A i r Development 

I n 1935, TWA deve loped a comb ina t ion g l i d e p a t h and l o c a l i z e r 

u n i t at t h e Kansas C i t y a n p o r t u s i n g a f requency o f 85 14c The e q u i p ­

ment was c r y s t a l c o n t r o l l e d and a s a t i s f a c t o r y s t r a i g h t p a t h was o b t a i n e d . 

However , c o n s i d e r a b l e d i f f i c u l t y was encounte red due t o v a r i a t i o n s i n 

t he a l t i t u d e o f t he g l i d e p a t h when c r o s s i n g o v e r a r i v e r and a d ike 

Hf°f 
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near the river's edge. This discontinuity in the path was considered 

to be a serious objection and it was not until later that it was de­

termined that vertically polarized waves were responsible for the 

discontinuity. 

Bureau of Air Commerce Developments 

In 1935 the Bureau of Air Commerce of the Department of Com­

merce conducted further tests at Newark, N J . , on a glide path sys-

tm on 93 He and on a localizer system on 227 kc. The localizer was 

modified to operate on single sideband with a symmetrically disposed 

vortical antenna continuously excited by a carrier 1020 cycles lower 

than the single sideband. 7/ith this system, automatic volume control 

operated from the carrier could be usad and it also permitted simul­

taneous operax ion of the radio compass in addition to making ix possible 

to transmit voice communication from the carrier antenna. The course 

indications were obtained by keying the single sideband with " I " and 11 A " 

and obtaining a visual indication by energy derived from the transient 

power, in objectionable feature of this system was that it gave a 

kicking indication to the pilots This caused considerable aye strain 

and required an unnecessary amount of concentration to determine whether 

the plane was gradually approaching or leaving the course. Another 

difficulty was that static caused the visual indicator to give erroneous 

eours© indications, thus making it difficult to fly an accurate course 

during a-̂ mospheric conditions A further objection to the use of transient 

type of visual indicator was the inherently broad course indication which 

made accurate flying impossible. 

Due to the concentration of traffic at the Newark airport, the 

entire equipment was moved to Indianapolis, at which point further tests 
fbf>t 
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were conducted on thas sys tem. A f t e r a c o n s i d e r a b l e number o f t e s t s , 

i t was determined t h a t i t was unnecessa ry t o t r a n s m i t v o i c e o v e r t h e 

c a r r i e r antenna, and, f u r t h e r m o r e , t h a t t he cou rses ob ta i ned were 41 

p e r cent w i d e r , when u s i n g t h i s t y p e o f t r a n s m i s s i o n than when u s i n g 

t h e two loops w i t h o u t t h e v e r t i c a l an tenna. I n a d d i t i o n t o t h i s , t h e r e 

were t he k i c k i n g d i f f i c u l t i e s o u t l i n e d p r e v i o u s l y and t he kicKing 

meter was abandoned. 

M o d i f i c a t i o n s were t h e n made wh ich made use o f e x t r e m e l y h i g h 

speed do ts on one s i d e o f the course and dashes on t h e o t h e r , each 

dash h a v i n g a l e n g t h f i v e t imes t h a t o f one o f t he d o t s . I t was t h e n 

p o s s i b l e to o b t a i n a smooth o n - c o u r s e i n d i c a t i o n . T h i s p r o v e d t o be 

much more s a t i s f a c t o r y t h a n t h e k i c k i n g need le t y p e used w i t h t h e I - A 

sys tem. However , due t o mechan ica l i m p e r f e c t i o n s i n t h e f a s t k e y i n g o f 

t he dots which were at t h e r a t e of 600 p e r m inu te , random t r a n s i e n t s were 

p roduced by key c l i c k s caused by t h e l i n k c i r c u i t r e l a y c o n t a c t i n g b o t h 

s i d e s o r because o f spaces o c c u r r i n g between t h e dots and dashes t e n d i n g 

t o g i v e o c c a s i o n a l course i n d i c a t o r f l u c t u a t i o n s wh ich were annoy ing t o 

t he p i l o t . "Furthermore, f l i g h t t e s t s i n d i c a t e d t h a t the p a i r o f cou rses 

i n l i n e w i t h t he runway were f r e e from key c l i c k s and c o i n c i d e d a u r a l l y 

and v i s u a l l y whereas t h e pair o f courses normal t o t h e runway were found, 

t o be l o c a t e d p r o p e r l y a u r a l l y a l t hough key c l i c k s were appa ren t , but 

r o t a t e d 8 degrees c l ockw ise on t he v i s u a l i n d i c a t o r . T h i s e r r o r was 

caused by a key c l i c k f i g u r e o f e igh t p a t t e r n , t h e a x i B o f w h i c h was 

normal t o t he runway. T h i s p a r a s i t i c key c l i c k p a t t e r n combined w i t h t h e 

normal f i g u r e o f e igh t p a t t e r n s t o p roauce a v i s u a l course 8 degrees 

off t he t r u e c o u r s e . Due to t h e d i f f i c u l t i e s i n v o l v e d i n m a i n t a i n i n g t h e 
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l i n k c i r c u i t r e l a y adjustment i n a m e c h a n i c a l l y p e r f e c t c o n d i t i o n , 

i t was dec ided t o abandon the h i g h speed key ing system i n f a v o r o f a 

v i s u a l system u s i n g a mechan ica l modu la to r wh ich p roduced 65 c y c l e 

m o d u l a t i o n i n one l o o p and 86.7 c y c l e m o d u l a t i o n i n t he o t h e r l o o p , 

A mechan ica l modu la to r hae been c o n s t r u c t e d and t e s t s w i t h i t a re 

about to be conduc ted . I t i s a n t i c i p a t e d t h a t the mechan ica l modu­

l a t o r w i l l overcome a l l t he f a u l t a found i n p r e v i o u s v i s u a l l o c a l i z e r 

t r a n s m i t t e r s . 

Ano ther improvement made at I n d i a n a p o l i s was t o l o c a t e t h e 

g l i d e p a t h antenna so t h a t t he a x i s o f t h e beam was p r o j e c t e d ac ross 

t he runway a t an ang le o f app rox ima te l y 13 deg rees . T e s t s i n d i c a t e d 

t h a t t h i s method was e n t i r e l y p r a c t i c a l i n push ing t he p o i n t o f con ­

t a c t out f a r t h e r on t h e f i e l d and at t he same tune p r e v e n t i n g t h e 

s t r u c t u r e hous ing t he antenna a r r a y from be ing a h a z a r d . 

T e s t s on t he low f r e q u e n c y runway l o c a l i z e r at Newark i n d i ­

ca ted t h a t b o t h m u l t i p l e courses and bent courses p r e v a i l e d whereas a t 

I n d i a n a p o l i s u s i n g the same f r e q u e n c y under i d e a l c o n d i t i o n s no v a g a r i e s 

were o b s e r v e d . Based on t hese o b s e r v a t i o n s t o g e t h e r w i t h t h e e x p e r i e n c e 

ga ined from o t h e r ins t rument l a n d i n g i n s t a l l a t i o n s and r a d i o range s t a t i o n s 

l o c a t e d t h roughou t t h e U n i t e d S t a t e s u s i n g these low r a d i o f r e q u e n c i e s , i t 

wou ld appear t h a t t hese f r e q u e n c i e s are no t w e l l s u i t e d t o p r o v i d e a 

s t r a i g h t l o c a l i z e r c o u r s e . However , e x p e r i e n c e i n d i c a t e s t h a t t h e s o ­

l u t i o n to t h i s prob lem I s t h e use o f u l t r a h i g h f r e q u e n c i e s p r o v i d e d ca re 

I s e x e r c i s e d i n p r o p e r l y l o c a t i n g t h e l o c a l i z e r w i t h r e s p e c t t o r e f l e c t i n g 

o b j e c t s such as hanga rs , gas t a n k s , t owe rs and b u i l d i n g s . T e s t a are now 

be ing conducted at I n d i a n a p o l i s t o determine the f e a s i b i l i t y o f r e p l a c i n g 

the low f r e q u e n c y l o c a l i z e r w i t h an u l t r a h i g h f r e q u e n c y l o c a l i z e r . 
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L a t e r Development o f t he L o r e n z System 

I n 1934 ana 1935 D r . E . Kramer o f t h e L o r e n z Company I n 

11 12 13 

Germany deve loped a un ique and e i m p l i f i e d b l i n d l a n d i n g sys tem. 1 1 

T h i s system c o n s i s t e d o f t h e same elements o r i g i n a l l y used by t h e 

Bureau o f S t a n d a r d s , t h a t i s g l i d e p a t h , runway r a d i o range l o c a l i z e r , 

marker beacons , and m o n i t o r sys tem. The g l i d e p a t h and t h e l o o a l i z e r 

were combined i n t o one t r a n s m i t t e r and r a d i a t i n g sys tem. The t r a n s m i t t e r 

was opera ted o n 33.3 H e , and e x c i t e d a v e r t i c a l ha l fwave r a d i a t o r . On 

each s i d e o f t h e v e r t i c a l r a d i a t o r , a r e f l e c t o r was l o c a t e d w i t h a r e l a y 

at i t s c e n t e r . One r e f l e c t o r was keyed b y d o t s w h i l e t h e o t h e r r e f l e c t o r 

was keyed b y dashes . By i n t e r l o c k i n g t he dots and dashes , two e l l i p t i c a l 

p a t t e r n s were o b t a i n e d , t h e ma jo r axes o f wh ich were p a r a l l e l t o t h e o n -

c o u r s e . O n l y one p a t t e r n was p r e s e n t at a t ime , inasmuch as a s i n g l e 

source o f energy i s used t o s u p p l y t he energy i n b o t h p a t t e r n s . These 

a l t e r n a t e l y keyed p a t t e r n s p roduced an e q u i - s i g n a l zone , which gave two 

c o u r s e s . The c a r r i e r energy was modula ted at 1150 c y c l e s , end t he u s u a l 

t y p e o f a u r a l r a d i o range cou rses were o b t a i n e d w i t h an i n t e r l o c k s i g n a l . 

V i s u a l i n d i c a t i o n was o b t a i n e d by means o f a r e c t i f i e r c i r c u i t and 

a m p l i f i e r wh ich p roduced o f f - c o u r s e i n d i c a t i o n s e i t h e r t o the r i g h t o r 

t he l e f t , depending upon whether dashes o r do ts were t h e predominant o f f -

course s i g n a l . T h i s i n d i c a t o r , however , gave a k i c k i n g need le i n d i ­

c a t i o n . The g l i d e p a t h was p roduced by t h e p resence o f a f i e l d p a t t e r n 

i n t he v e r t i c a l p l a n e . A f i e l d i n t e n s i t y l i n e o f c o n s t a n t ampl i tude was 

s e l e c t e d and f o l l o w e d d i r e c t l y t o t h e a i r p o r t . The o u t e r marker was 

l o c a t e d app rox ima te l y 1.9 m i l e s from t h e a i r p o r t . The i n n e r marker 

was l o c a t e d a p p r o x i m a t e l y .19 m i l e s f rom the a i r p o r t . Each o f t h e 

markers t r a n s m i t t e d on a f r e q u e n c y o f 38 Mc. The o u t e r marker was modu­

l a t e d at a f r e q u e n c y o f 700 c y c l e s and keyed w i t h dashes f o u r t e n t h s o f 
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a second l o n g . The i n n e r marker was modulated at a f r equency o f 1700 

c y c l e s and keyed w i t h dots one f i f t e e n t h o f a second l o n g . Each marker 

gave an a u r a l I n d i c a t i o n i n t he headphones o f the p i l o t i n a d d i t i o n t o 

l i g h t i n g an i n d i v i d u a l l i g h t on t he ins t rument p a n e l . A c o u p l e t s remote 

c o n t r o l apparatus WBB p r o v i d e d wh ich c o n s t a n t l y checked the o p e r a t i o n 

o f a l l u n i t s . 

T e s t s at I n d i a n a p o l i s o f L o r e n z System 

Through t he c o u r t e s y o f the I n t e r n a t i o n a l Te lephone & T e l e g r a p h 

Company, one complete se t o f equipment was i n s t a l l e d at t h e I n d i a n a p o l i s 

a i r p o r t f o r t * „ p u r p o s e s . R e c e i v i n g equipment was a l s o f u r n i s h e d t o 

t h e Bureau o f A i r Commerce and t o s e v e r a l o f t he a i r l i n e s . These t e s t s 

i n d i c a t e d t h a t approaches c o u l d be made t o t h e f i e l d under c o n d i t i o n s 

o f low v i s i b i l i t y and low c e i l i n g s w i t h good r e l i a b i l i t y . However, 

t h e r e were s e v e r a l l i m i t a t i o n s t o t h e use o f t h i s equipment. F i r s t , 

i t was found t h a t the r a d i o range cou ld be f l o w n b e t t e r a u r a l l y t h a n 

v i s u a l l y . T h i s was a t t r i b u t e d to t h e f a c t t h a t t he need le i n d i c a t i o n s 

were o f the k i c k i n g t ype r a t h e r t h a n o f t h e smooth v i s u a l t y p e , wh ich 

was o r i g i n a l l y used i n t he Bureau o f S tandards i n s t a l l a t i o n . I t was 

a l s o f ound t h a t i f the t r a n s m i t t e r was keyed w i t h t he " N H and " A " t h a t 

p i l o t s who were f a m i l i a r w i t h t h i s form o f key ing cou ld f l y t he r a d i o 

range l o c a l i z e r much b e t t e r t h a n w i t h the do t - dash s i g n a l s . When t h e 

equipment was o r i g i n a l l y i n s t a l l e d , t he course was a p p r o x i m a t e l y 6° 

b r o a d , wh i ch i t i s u n d e r s t o o d i s t h e w i d t h d e s i r e d i n E u r o p e , However, 

the consensus among a l l the p i l o t s i n t h i s c o u n t r y who f l e w t h i s equipment 

was t h a t t he courses were t o o w i d e . A c o n s i d e r a b l e amount o f work was 

done i n an e f f o r t t o sharpen t h e c o u r s e . When the cou rse was narrowed 
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t o app rox ima te l y 3° , the r e s u l t s o b t a i n e d were g r e a t l y improved. By 

f u r t h e r m a n i p u l a t i o n o f t he p o s i t i o n and l e n g t h o f t h e r e f l e c t o r s , t he 

course w i d t h was reduced to a p p r o x i m a t e l y 2° . Even though t h i s v e r y 

d e f i n i t e improvement o f course w i d t h was made, t he consensus was i n 

f a v o r o f a f u r t h e r r e d u c t i o n i n t h e w id th o f t h e c o u r s e . I t i s f e l t 

t h a t t he d i f f e r e n c e i n magni tude o f t he two p a t t e r n s s h o u l d be at l e a s t 

one db at a p o i n t l j ° o f f t he c e n t e r o f t he cou rse f o r adequate cou rse 

sharpness w i t h a u r a l o p e r a t i o n , however , w i t h v i s u a l o p e r a t i o n t he d i f ­

f e r e n c e i n p a t t e r n magni tudes at t h e same p o s i t i o n needs t o be o n l y 

.5 db p r o v i d e d t he ins t rument i s s u f f i c i e n t l y s e n s i t i v e t o g i v e a t e n 

degree p o i n t e r d e f l e c t i o n 1.9° o f f t h e c e n t e r o f t h e c o u r s e . 

Another s e r i o u s d i f f i c u l t y obse rved was t he f a c t t h a t t h e 

g l i d e pa th was smooth down t o a p o i n t j u s t be : ond the end o f t h e cement 

runway, at which p o i n t t h e g l i d e p a t h took a d e f i n i t e d i v e i n t o t h e g r o u n d , 

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

r a d i a t i o n was v e r t i c a l l y p o l a r i z e d and t h a t p r o b a b l y t h e r e i n f o r c i n g 

s t e e l i n t he runways caused a v e r y d e f i n i t e change i n t he c o n d u c t i v i t y 

which a f f e c t e d t he r e f l e c t i o n c o e f f i c i e n t s u f f i c i e n t l y t o g i v e a v e r y 

pronounced d i s c o n t i n u i t y i n t he g l i d e p a t h . T h i s f e a t u r e i s c o n s i d e r e d 

a s e r i o u s f a c t o r , inasmuch as a h ighway at t he end o f an a i r p o r t wou ld 

p r o b a b l y cause a d i s c o n t i n u i t y i n t h e g l i d e p a t h . An o p p o r t u n i t y 

has no t y e t been a f f o r d e d t o con f i rm t h i s assumpt ion. However , i t i s 

d e f i n i t e l y .Known t h a t , i n t he g l i d e p a t h at Kansas C i t y , u s i n g v e r t i c a l l y 

p o l a r i z e d waves a t 85 M c , t h e r e was a d i s c o n t i n u i t y p r e s e n t i n t he g l i d e 

pa th at t he p o i n t where t h e waves c r o s s e d o v e r t h e r i v e r . The Bureau 

o f A i r Commerce g l i d e p a t h antenna at I n d i a n a p o l i a wh ich was no rma l l y 

h o r i z o n t a l l y p o l a r i z e d was r o t a t e d so t h a t v e r t i c a l l y p o l a r i z e d waves 

( lt.for 
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At the present time the hair hygrometer is used. It has 

five strands of human hair, each 1-J-" long, stretched up and over 

the humidity pen which in turn contacts the helix. As the humidity 

of the air increases, the hairs lengthen. This causes the pen, 

which has a slight spring tension, to move out, or away from the 

base of the helix and the reference pen. As the humidity decreases, 

the hairs contract or tighten, and thus pull the pen down, or in 

the direction of the base of the helix, and closer to the reference 

pen. The humidity readings, like the others, are evaluated with 

respect to the reference pen. 

The hygrometer is attached to the common base along with 

the other elements, and is located halfway between,the pressure and 

temperature elements', (Fig. 2) 

Humidity data are now reliable only to altitudes of 

approximately 15,000 feet, due to lag and to the inability of the 

instrument to react favorably in extremely low temperatures, which 

cause the hairs to freeze, and render accurate calculation of 

relative humidity almost impossible. 

Diligent work is now being carried on by the National 

Bureau of Standards and other organisations to perfect a more 

accurate and, sensitive instrument to replace the human hair for 

humidity measurement. Encouraging results have been produced to 

date. 



-20-

Calibration 

All of the elements, or instruments, must be carefully 

calibrated before being used, otherwise such errors would exist 

as to make the record of readings valueless. 

The work of calibration requires about two hours and is 

done in a special chamber designed for that purpose•(Pig. 3 ) . The 

chamber is a box about the siae of a large, old-fashioned hamper, 

well-built and insulated, which accommodates seven instruments at 

one time. The recorder, on a continuous chain, and located adjacent 

to the calibration chamber, automatically makes records of each 

of the elements, determined by their distances to marks made by 

the reference pen. A relay trips a recording pen each time that 

contacts are made, by an instrument, or element, 'with the helix. 

These pens are attached vertically to the endless chain and are 

carried across the paper at such a rate that they return to the 

starting edge after each revolution of the helix. If an element 

pen should move, contact will be made either sooner or later than 

its previous position. The variation in time is a measure of the 

change in the element actuating that pen. Contacts must be positive 

and sharp at nmake H or "break"j otherwise the measured distances 

will be inaccurate. The traits or peculiarities of each element 

are thus definitely known. 

The same type of recorder, although mechanically different 

in some respects, is used for recording data during actual soundings* 
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p a t h i n d i c a t o r at t he moment the o u t e r marker l i g h t on t he dash o p e r a t e s . 

I t l a o n l y n e c e s s a r y t o m a i n t a i n t h e same ampl i tude o f the g l i d e p a t h 

meter and f o l l o w t h e g l i d e pa th down u n t i l con tac t i s made. I t i s 

p o s s i b l e t o de te rmine t he a l t i t u d e at t h e o u t e r marker by means o f a 

Ko l l sman a l t i m e t e r w i t h an e r r o r o f no t more t h a n p l u s o r minus 40 

f e e t and at t h i s p o i n t s e l e c t one o f the cons tan t ampl i tude f i e l d i n ­

t e n s i t y l i n e s and f l y f rom t h e o u t e r marker t o t he p o i n t o f con tac t w i t h 

the g round . A l l o f t h e p o i n t s o f con tac t w i t h t h e g round w i l l be r e l a t i v e l y 

c l o s e t o one ano the r f o r a l l a b s o l u t e a l t i t u d e s between, 660 and 740 f e e t . 

From t h i s , i t may be seen t h a t i t i s o n l y necessa ry t h a t t h e t r a n s m i t t e r 

ou tpu t be cons tan t and t h e r e c e i v e r s e n s i t i v i t y remain cons tan t f o r a 

p e r i o d o f a l i t t l e o v e r a m inu te and a h a l f . T h i s s i m p l i c i t y i n o p e r a ­

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

cons tan t s e n s i t i v i t y ad justments and a l s o e l i m i n a t e s t he n e c e s s i t y o f 

check ing t he r e c e i v e r w i t h a s i g n a l g e n e r a t o r b e f o r e making a l a n d i n g . 

E x p e r i e n c e has i n d i c a t e d t h a t t h i s method o f o p e r a t i o n i s e n t i r e l y p r a c ­

t i c a l . Ano ther o u t s t a n d i n g f e a t u r e o f the equipment i s t h a t i t i s o p e r a t e d 

e n t i r e l y on u l t r a - h i g h f r e q u e n c i e s wh ich a re f r e e f rom t h e annoy ing 

e f f e c t s o f a tmospher ic i n t e r f e r e n c e . 

U n i t e d A i r l i n e s and B e n d l x Development 

I n 1934 the equipment o r i g i n a l l y i n s t a l l e d at t h e Oak land 

a i r p o r t b y t h e Bureau o f S tandards was t u r n e d o v e r t o U n i t e d A i r L i n e s 

f o r f u r t h e r t e s t s and improvements. E a r l y i n 1936 t h e B e n d i x Radio 

C o r p o r a t i o n ag reed t o coopera te w i t h U n i t e d A i r L i n e s i n c a r r y i n g on an 

e x t e n s i v e p rogram o f t e s t s and improvements. The ma jo r improvements 
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wh i ch were made w i t h t h e a s s i s t a n c e o f the Bureau o f S tandards i n 

an a d v i s o r y c a p a c i t y were t h e e l i m i n a t i o n o f bends and m u l t i p l e cou rses 

by u s i n g an u l t r a - h i g h f r equency l o c a l i z e r ; t h e u s e o f e l e c t r i c a l 

f i l t e r s i n s t e a d o f v i b r a t i n g reeds t o sepa ra te the modu la t i ng f r e ­

q u e n c i e s ; t he use o f a s i n g l e t r a n s m i t t e r f o r both the g l i d e p a t h 

and course i n d i c a t i o n ; and t h e use o f a mechan ica l r a d i o f requency 

modu la t ing d e v i c e , wh i ch e l i m i n a t e d t h e p o s s i b i l i t y o f cou rse v a r i a ­

t i o n s caused b y em iss i on d i f f e r e n c e s i n dua l r a d i o f r equency c h a n n e l s . 

The improved system deve loped by Bend i x and U n i t e d A i r L i n e s 

c o n s i s t e d o f a c r y s t a l c o n t r o l l e d t r a n s m i t t e r o p e r a t e d on 91 Mc , wh ich 

was used to s i m u l t a n e o u e l y e x c i t e two h o r i z o n t a l l y p o l a r i z e d Y a g i a r r a y s . 

The ma jo r axes o f each o f t he p a t t e r n s p roduced by t hese two a r r a y s were 

d i s p l a c e d by an angle o f a p p r o x i m a t e l y 40°. The f i e l d p a t t e r n r a d i a t e d 

b y each a r r a y was modula ted b y k e y i n g the d i r e c t o r nex t t o t h e antenna 

on one o f t h a a r r a y s a t 70 c y c l e s , w h i l e t h e c o r r e s p o n d i n g d i r e c t o r on 

the o t h e r a r r a y was keyed at 90 c y c l e s . T h i s arrangement p roduced a 

combined g l i d e p a t h and l o c a l i z e r c o u r s e . One o f t he ma jo r d i f f i c u l t i e s 

t o be overcome i n t h i s system was t h a f a c t t h a t d i f f e r e n t head ings of 

t he sh i p would t end t o g i v e v a r y i n g r e c e i v e r ou tpu t s due t o r e c e i v i n g 

antenna d i r e c t i v i t y . T h i s prob lem was s o l v e d by u s i n g a h o r i z o n t a l 

l oop which had a n o n - d i r e c t i o n a l c h a r a c t e r i s t i c f o r h o r i z o n t a l l y p o l a r ­

i z e d waves. 

Ano the r c o n t r i b u t i o n was the u t i l i z a t i o n o f t he automat ic 

p i l o t i n b l i n d l a n d i n g . The method o f a p p l i c a t i o n c o n s i s t e d e s s e n t i a l l y 

o f g e t t i n g on cou rse w i t h t he p l a n a headed i n t h e p r o p e r d i r e c t i o n , f l y ­

ing o v e r the o u t e r marker beacon a t t h e p r o p e r a l t i t u d e and p e r m i t t i n g 
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t h e automat ic p i l o t t o f l y t he a i r p l a n e aa i t descended t o t h e runway . 

T h i s arrangement g r e a t l y r e l i e v e d the s t r a i n on t he p i l o t inasmuch as 

i t was no t necessa ry f o r him t o m a i n t a i n t h e p l a n e i n t h e p r o p e r 

a t t i t u d e w h i l e making a l a n d i n g . The p i l o t was ab le t o c o n c e n t r a t e 

and i n t e r p r e t the i n d i c a t i o n s o f t h e c r o s s p o i n t e r i n s t r u m e n t , making 

o n l y s l i g h t ad jus tments t o t h e c o n t r o l s o f the automat ic p i l o t as 

r e q u i r e d . I n e f f e c t , t h e a i r p l a n e was f l o w n down the g l i d e p a t h a t 

a p p r o x i m a t e l y 90 m i l e s p e r h o u r . A f t e r con tac t was made, t he automat ic 

p i l o t ma in ta ined t he p r o p e r head ing o f t he a i r p l a n e w h i l e t h e t h r o t t l e s 

were s l o w l y c l o s e d and t h e a i r p l a n e was b rough t t o a s top by b r a k e s . 

L a t e r i n 1936 TWA combined t h e i r - e f f o r t s w i t h U n i t e d A i r L i n e s and t h e 

B e n d i x C o r p o r a t i o n t o f u r t h e r t he development o f the sys tem o u t l i n e d 

above. Du r i ng 1936 and 1937 a p p r o x i m a t e l y 3000 hooded l a n d i n g s were 

made on t h i s system i n a Boe ing 247 and a Douglas DC-3 a i r p l a n e by 

p i l o t s f rom t h e v a r i o u s a i r l i n e s , Army, Navy and Bureau o f A i r Commerce. 

Fundamental E lements and P r o j e c t e d Development 

From t h e f o r e g o i n g , i t i s e v i d e n t t h a t a c o n s i d e r a b l e f und o f 

knowledge has been ga ined from the numerous systems wh ich have been d e s ­

c r i b e d . Each o f t he systems has i t s l i m i t a t i o n s a l t h o u g h some a re b e t t e r 

t h a n o t h e r s f o r making comp le te l y b l i n d ins t rument l a n d i n g s c o n s i s t e n t l y 

under s e r v i c e c o n d i t i o n s . I n g e n e r a l , i t may be s a i d t h a t t h e r e a re 

t h r e e e s s e n t i a l e lements i n an ins t rument l a n d i n g sys tem: L o c a l i z e r , 

g l i d e p a t h , and marke rs . A m o n i t o r system i s n e c e s s a r y i n o r d e r t o 

i n fo rm the l a n d i n g system o p e r a t o r t h a t a l l e lements a re o p e r a t i n g s a t i s ­

f a c t o r i l y . An ad junc t to the sys tem, wh ich i s not d e s c r i b e d i n t h i s r e p o r t 

i s t h e use o f approach l i g h t s f o r t he purpose o f p r o v i d i n g t he p i l o t o r 

/ i f £ > ' 
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c o - p i l o t with a doub le check in a l i g n i n g t he a i r p l a n e w i t h t h e runway 

u n d e r m o s t c o n d i t i o n s o f poor v i s i b i l i t y . These l i g h t s , however , s h o u l d 

be c o n s i d e r e d o n l y as a supp lementa l a i d t o t h e ins t rument l a n d i n g 

system using radio f a c i l i t i e s . Approach l i g h t s a re now b e i n g i n s t a l l e d 

by t h e Bureau of A i r Commerce at a number o f a i r p o r t s . 

Based on knowledge accumulated as a r e s u l t o f t he e x p e r i e n c e 

d e s c r i b e d , t he a i r l i n e s , t he Bureau o f A i r Commerce, t h e F e d e r a l Communi­

c a t i o n s Commission and t he Sub-Committee on Ins t rument Land ing Dev i ces 

o f the Radio T e c h n i c a l Committee f o r A e r o n a u t i c s have agreed on t h e 

fundamental elements wh ich a re n e c e s s a r y f o r a un i f o rm ins t rument l a n d i n g 

sys tem. These elements a re as f o l l o w s : 

1* Runway L o c a l i z e r 

{a ) The runway l o c a l i z e r s h o u l d opera te on an u l t r a h i g h f r e q u e n c y , 

p r e f e r a b l y i n t h e band 92-96 Mc o r , i f t he l o c a l i z e r t r a n s m i t t e r 

i s o p e r a t e d as a separa te u n i t , i n t he band 108-112 Mc . 

(b ) S t r a i g h t c o u r s e , i.e., one which has no bends o r m u l t i p l e cou rses 

p e r c e p t i b l e t o a p i l o t f l y i n g i n s t i l l a i r . 

( c j The d i f f e r e n c e in t h e magni tude o f t h e two p a t t e r n s o f t h e 

l o c a l i z e r shou ld be .5 db a t 1.5° e i t h e r s i d e o f t h e c e n t e r l i n e 

as measured w i t h a l i n e a r d e t e c t o r , 

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

a 10° d e f l e c t i o n i n d i c a t i o n f o r a 1.9° a n g u l a r d e v i a t i o n from 

tha c e n t e r l i n e o f the runway. 

(e ) The range o f use as a runway l o c a l i z e r shou ld be twenty m i l e s 

at 3000 f e e t . 

( f ) Freedom from i n t e r f e r e n c e p a t t e r n e f f e c t s p e r c e p t i b l e t o t h e 

pilot bo th m e l e v a t i o n and az imu th . 
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G l i d e P a t h 

(a ) The g l i d e pa th s h o u l d o p e r a t e on an u l t r a h i g h f r e q u e n c y , 

p r e f e r a b l y i n t he band 92-96 Mc. 

(b) A smooth g l i d e p a t h s h o u l d be p r o v i d e d , i . e . , one wh ich i s 

f r e e from i n t e r f e r e n c e p a t t e r n e f f e c t s p e r c e p t i b l e t o t h e p i l o t 

when on t h e l o c a l i z e r c o u r s e . 

( c ) The system s h o u l d be capab le o f adjustment t o p r o v i d e a s u i t a b l e 

g l i d e p a t h . 

Markers 

(a ) The markers s h o u l d o p e r a t e on 75 Mc. 

( b ) I t shou ld be p o s s i b l e t o p o s i t i v e l y i d e n t i f y each marker bo th 

a u r a l l y and v i s u a l l y b y modu la t i on and k e y i n g . M o d u l a t i o n f r e ­

quency o f t he i n n e r marker shou ld be 1300 c y c l e s and tha t o f t he 

o u t e r marker s h o u l d be 400 c y c l e s . 

( c ) A normal arrangement o f markers wou ld b e : 

(1) At the normal i n t e r s e c t i o n w i t h t he g l i d e p a t h . 

(2) Near the boundary o f the a i r p o r t , t he e x a c t l o c a t i o n t o 

be determined b y l o c a l c o n d i t i o n s . 

(d) The marker beacons s h o u l d have an a r r a y a d j u s t a b l e so t h a t when 

i n s t a l l e d i n t he boundary p o s i t i o n t he beam w i l l cause u s e f u l 

i n d i c a t i o n s o f a v i s u a l d e v i c e w i t h i n 700 f e e t e i t h e r s i d e o f 

the o n - c o u r s e p a t h and f o r 300 f e e t a long t he g l i d e p a t h t r a ­

j e c t o r y . I n d i c a t i o n s f rom t h i s marker s h o u l d be r e c e i v a b l e t o 

an a l t i t u d e o f 2000 f e e t . 



- 26 -

(e) The o u t e r markers s h o u l d have s u f f i c i e n t power t o accomp l i sh 

a s i m i l a r v i s u a l i n d i c a t i o n w i t h t he same beam p a t t e r n 

at 2000 f e e t . 

4 . M o n i t o r System 

(a ) S a t i s f a c t o r y means f o r i n d i c a t i n g v i s u a l l y t h e o p e r a t i o n o f 

a l l equipment s h o u l d be p r o v i d e d at a c e n t r a l p o i n t . 

(b) Whatever form o f v i s u a l i n d i c a t i o n may be employed s h o u l d be 

smooth i n per formance and have no i r r e g u l a r c h a r a c t e r i s t i c s . 

5. Genera l C h a r a c t e r i s t i c s 

( a ) F requency o f e m i s s i o n o f a l l o f t h e elements o f t h e system 

s h o u l d be e q u i v a l e n t t o t h a t ob ta i ned w i t h a low tempera tu re 

c o e f f i c i e n t q u a r t z c r y s t a l . 

( b ) The number o f f i x e d o r p o r t a b l e equipments r e q u i r e d w i l l depend 

on c o n d i t i o n s p r e v a i l i n g a t i n d i v i d u a l a i r p o r t s . 

( c ) The i n s t a l l a t i o n o f t h e f o r e g o i n g equipment s h o u l d no t c o n s t i t u t e 

an o b s t r u c t i o n t o a normal approach to a runway. 

6 . Approach L i g h t s 

(a) The i n s t a l l a t i o n o f the b e s t known t y p e o f approach and runway 

l i g h t s appears t o be a most d e s i r a b l e measure i n combina t ion 

w i t h Ins t rument l a n d i n g f a c i l i t i e s . 

7. P r o j e c t e d Development. 

A d d i t i o n a l l y , c e r t a i n d e s i r a b l e f e a t u r e s s h o u l d be p r o v i d e d depending 

upon t h e s t a t e o f the a r t and e x p e r i e n c e o b t a i n e d . These r e p r e s e n t im­

provements o v e r and above the per formance t o be ob ta i ned f rom t h e f u n d a ­

menta l equipment and are i n no sense a s u b s t i t u t e f o r such equipment 

nor do they r e q u i r e the r e d e s i g n o r replacement o f such equipment. 
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t 

These a r e : 

(a ) The i n c l u s i o n o f s u i t a b l e em iss ion f o r t h e o p e r a t i o n o f a 

r a d i o compass e i t h e r b y 

(1) the u t i l i z a t i o n o f the U . H . F . runway l o c a l i z e r i f 

p r a c t i c a b l e , 

(2) O r t h e i n s t a l l a t i o n o f a low-powered low f r equency 

t r a n s m i t t e r ad jacen t t o t h e runway l o c a l i z e r . 

(b ) The equipment p r o v i d e d s h o u l d be so des igned as t o f a c i l i t a t e 

p o s s i b l e u l t i m a t e u t i l i z a t i o n ( w i t h a c c e s s o r i e s ) i n a f u l l y 

automat io l a n d i n g system i n c o n j u n c t i o n w i t h a g y r o - p i l o t . 

( c ) C o n s i d e r a t i o n s h o u l d be g i v e n t o p o s s i b l e s e p a r a t i o n o f 

l o c a l i z e r and g l i d e p a t h t r a n s m i t t e r f u n c t i o n s i n o r d e r t o 

(1) Pe rm i t a l t e r a t i o n o f g l i d e p a t h . 

(2) Accompl ish independence o f h o r i z o n t a l and v e r t i c a l 

i n d i c a t i o n . 

(d ) S tudy s h o u l d be made o f t h e p o s s i b i l i t y f o r o b t a i n i n g a 

s t r a i g h t l i n e cons tan t r a t e o f descent g l i d e p a t h . 

Work i a g o i n g f o rwa rd i n a number o f a g e n c i e s , i n c l u d i n g t h e 

Bureau o f A i r Commerce, a long t hese l i n e s . 

DISCUSSION 

It i s b e l i e v e d tha t ins t rument l a n d i n g systems i n s t a l l e d at 

a number o f t h e ma jo r a i r t e r m i n a l s wou ld add m a t e r i a l l y t o t he s a f e t y 

o f a i rways o p e r a t i o n s . At p r e s e n t , t he m a j o r a i r l i n e s a re p l a n n i n g t o 

i n s t a l l a number o f ins t rument l a n d i n g systems hav ing t h e fundamental 

e lements p r e v i o u s l y o u t l i n e d . These systems are t o be used on an e z -

!(,?<>( 
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p e r i m e n t a l b a s i s p r i m a r i l y f o r p i l o t t r a i n i n g . Wal la t he equipment 

wh ich can be p roduced at t h i s t ime i s c o n s i d e r e d s a t i s f a c t o r y f o r 

t h i s p u r p o s e , i t i s b e l i e v e d t h a t a y e a r ' s f u r t h e r development would 

add much i n t h e v.ay o f r e l i a b i l i t y and ease o f ma in tenance. Because 

o f t he c o n s i d e r a b l e expense i n v o l v e d and a l s o t o s e r v e t he ends o f 

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

strument l a n d i n g systems s h o u l d be i n s t a l l e d and opera ted b y t he 

Bureau o f A i r Commerce. I n v iew o f t h i s , i t i s b e l i e v e d t h a t t he 

Bureau o f A i r Commerce s h o u l d sponso r f u r t h e r development i n t he i n ­

d u s t r y a long t h e l i n e s i n d i c a t e d unaer " P r o j e c t e d Development 1 1 . 

Ano the r p o i n t t o be c o n s i d e r e d i s t h a t w i t h t he i n c r e a s i n g 

number o f a i r c r a f t b e i n g d i s p a t c h e d t o and f rom a i r p o r t s under c o n ­

d i t i o n s o f r e s t r i c t e d c e i l i n g s and v i s i b i l i t y , t h e a i r t r a f f i c prob lem 

i s becoming more a c u t e . Under p r e s e n t c o n d i t i o n s at a w e l l r e g u l a t e d 

t r a f f i c c o n t r o l c e n t e r , each a i r p l a n e i s a l l owed a maximum o f 15 

minu tes f o r l a n d i n g under t h e wo rs t p o s s i b l e c o n d i t i o n s . I t i s b e l i e v e d 

t h a t an ins t rument l a n d i n g system wou ld c o n t r i b u t e t o t he s o l u t i o n 

o f the a i rways t r a f f i c c o n t r o l prob lem b y reason o f t h e f a c t t h a t 

more sh ips c o u l d be l anded and d i s p a t c h e d p e r hour at a busy t e r m i n a l 

d u r i n g bad weather c o n d i t i o n s . An ins t rument l a n d i n g system wou ld 

r e l i e v e t he p r e s e n t " b o t t l e neck" by r e d u c i n g t h b t ime r e q u i r e d f o r 

l a n d i n g s as i t would f u r n i s h the p i l o t w i t h p r e c i s e i n d i c a t i o n s o f 

the p r o p e r course and g l i d e pa th down to t he p o i n t o f con tac t w i t h t h e 

runway. 
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CONCLUSIONS OF THE AUTHOR 

The most satisfactory system la one that uses ultra-high 

frequencies for each of the three elements outlined in the foregoing. 

Ultra high frequencies have the outstanding advantages of being 

practically free from atmospheric disturbances and of utilizing 

smaller and more efficient antennas for both plane and ground. With 

ultra-high frequencies, it is possible to obtain straight courses 

without bends or multiples by properly locating the localizer with 

respect to reflecting objects. In the majority of cases, i t is im­

possible to obtain straight courses with low frequencies, particularly 

in the vicinity of irregular terrain, railroads, high buildings, and. 

transmission lines. Straight localizer courses may be obtained using 

ultra high frequencies with either vertically or horizontally polarized 

waves. With the glide path, however, It 1B necessary to use horizontally 

polarized waves in order to obtain a relatively smooth path to the 

point of contact with the runway. The markers should use horizontally 

polarized waves and the antenna array should have sufficient directivity 

to give a width-to-thickness ratio of at least four to one. 
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RECOMMENDATIONS OF THE AUTHOR 

I t i s recommended t h a t the Bureau o f A i r Commerce sponsor 

f u r t h e r development work I n the i n d u s t r y a long the l i n e s o u t l i n e d 

i n " P r o j e c t e d Development" under "Fundamental E lements and P r o j e c t e d 

Development" t o b r i n g the equipment t o a p o i n t o f p e r f e c t i o n wh ich 

w i l l p r e c l u d e t he p o s s i b i l i t y o f e a r l y o b s o l e s c e n c e . 

When the above work has been c a r r i e d to t he p o i n t where t he 

equipment meets w i t h the a p p r o v a l o f a l l conce rned w i t h r e g a r d to 

b o t h o p e r a t i o n and ease o f ma in tenance, i t i s recommended t h a t the 

Bureau o f A i r Commerce p u r c h a s e , i n s t a l l and ope ra te a number o f t hese 

i ns t r umen t l and ing systems a t v a r i o u s a i r p o r t s t h r o u g h o u t t he U n i t e d 

S t a t e s on an e x p e r i m e n t a l b a s i s * 

I t i s f u r t h e r recommended t h a t when t h i s has been accompl ished 

t h e Bureau c a r r y out a l o n g range program o f - b l i n d l a n d i n g development 

and improvement s i m i l a r t o t he program w h i c h has been f o l l o w e d w i t h 

r e g a r d to development and improvement o f r a d i o r a n g e s * 
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