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THEORETICAL CONSIDERATIONS OF UHF TWO-CCURSE 
SIMULTANEOUS RADIO RANGES 

INTRODUCTION 

The problem of adding simultaneous voice communication to the two-course 
v i s u a l and aural UHF radio range has been solved in f i v e d i f fe ren t ways described 
in th i s Note Before the severa l solut ions are described, i t i s bel ieved useful 
to enumerate the most important requirements for the simultaneous system These 
requirements may be s ta ted as fol lows 

a) Acequate performance involving 
1) Su f f i c i en t ana steady def lec t ion of the v i s u a l 

ind ica tor , and su f f i c i en t ana unilorm aural 
s igna l s when f l y i n g off course in a s t r a igh t 
l i n e or in a turn Steady zero de f lec t ion on 
course 

2) No pushirg of course as i t i s approached from 
any angle 

3) No reversa l s of courses, no mult iple courses 
and no bends m course 

4) Proper course sharpness to make i t e a s i l y f l yab l e 
for the average p i l o t 

5) S u f i i c i e n t distance range. 
6) Adequate clearance between the aural and v i sua l 

s igna l s o f f -course . 
7) Adequate voice i n t e l l i g i b i l i t y in any d i rec t ion 

from the s ta t ion to the l im i t s of the se rv ice 
area, for any heic ing of the plane 

S) Voice should not in t e r fe re with the aural on-
course s igna l s or the v i s u a l indicat ions 

9) The aural and v i s u a l range s ignals should not 
in t e r fe re with tv-e voice recept ion 

b) Equipment in the plane must be as l i j ih t , compact, and 
simple to operate as i s f ea s ib l e The plane antenna 
must offer small wind res i s tance and must not in t e r fe re 
with f l y i n g cha rac t e r i s t i c s of the plane 

c) Equipment on the ground must be of the utmost r e l i a b i l i t y 
1) Shi f t ing of courses and changes in course-sharp­

ness and clearance due to p a r t i a l f a i l u r e or aging 
of tubes or equipment shoulG be avoided From a safe ty , 
standpoint i t i s preferable to have no course at a l l 
than a f a l s e course 

2) The v i sua l course should be independent of f a i l u r e 
of aural and/or voice c i r c u i t s 

3) The ground equipment should be so engineered that 
ava i l ab l e personnel can se rv ice and readjust i t 
properly without the help of experts and complex 
laboratory equipment 

FUNDAMENTAL CONSIDERATIONS PERTAINING TO TIE UHF SIMULTANEOUS 
TWO-COURSE RANGE 

The antenna system cons i s t s of 5 hor izonta l loop antennas located in a 
plane ^ wavelength above an elevated counterpoise Four of the loops are located 
a t the corners of a square, and the f i f t h in i t s center Two diagonal ly opposite 
loops in conjunction with the center loop produce the v i s u a l course, the remaining 
s ide-loops and the center loop radia te the aural course 

A 3 4 2 9 O I 3 7 J + 
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The e q u a t i o n f o r t h e r e l a t i v e i n t e n s i t y of the r a d i a t i o n f i e l d p roauced 
by two d i a g o n a l s i d e l o o p s and the c e n t e r l o o p , i n te rms of the maximum i n t e n s i t y , 
i s 

k + 2 s i n (2 7r S/x s i n ip ) CD F (gp) = 
k + 2 

In d e r i v i n g e q u a t i o n ( l ) , i t i s assumed t h a t t h e phase o f the c u r r e n t i n 
the two s i d e l o o p s i s +90° and -90°, r e s p e c t i v e l y , w i t h r e s p e c t t o t h e c u r r e n t i n 
the c e n t e r l o o p The symbols a r e d e f i n e d as f o l l o w s 

<p = a n g l e (measured i n h o r i z o n t a l p l a n e ) be tween l i n e through 
c e n t e r l o o p and r e f e r e n c e p o i n t , and v e r t i c a l p l a n e through 
c e n t e r l o o p a t r i g h t a n g l e s t o l i n e c o n n e c t i n g the 3 l o o p s 

k = r a t i o o f c u r r e n t i n c e n t e r l o o p t o c u r r e n t i n each s i d e l o o p . 

S = s p a c i n g be tween c e n t e r l o o p and s i d e l o o p s 

X = w a v e l e n g t h 

For t h e u s e f u l r ange of v a l u e s of k and S , the p l o t o f F (fP) has the shape 
of a b e a n . In a d d i t i o n t o t h e bean p a t t e r n one or more minor l o b e s may o c c u r . 
F i g u r e 1 g i v e s t h e f i e l a p a t t e r n f o r c u r r e n t r a t i o k = 2 and s p a c i n g S = X / 3 

I f t he phase o f the c u r r e n t i n each s i d e l o o p i s changed 1 8 0 ° , e q u a t i o n 
( l ) i s changed t o 

k - 2 s i n (2 7T S / X s i n ip ) 
(2) F ' {<P) = , —— 

k -i- 2 

A p p l i e d t o t h e c a s e shown m f i g u r e 1 , e q u a t i o n ( l ) r e f e r s t o t h e c u r v e s 
i n s o l i d l i n e s , and e q u a t i o n (2) t o t h e dashed c u r v e s 

I f F ifp) i n e q u a t i o n ( l ) r e p r e s e n t s the v i s u a l s i g n a l modula ted b y 90 
c y l e s , and F ' (ip) i n e q u a t i o n (2) r e p r e s e n t s t h e s i g n a l modula ted b y 150 c y c l e s , 
v i s u a l c o u r s e s a r e o b t a i n e d where F (ip) F ' (<fi), l e , f or <p = 0 and<p = ;r The 
180° phase s h i f t b e t w e e n 90 c y c l e and 150 c y c l e modula ted c u r r e n t i n the v i s u a l 
s i d e l o o p s i s o b t a i n e d b y t h e c r o s s - o v e r i n RF b r i d g e 2 , i n f i g u r e s 2, 3 , 4 , and 
5 . 

S i n c e a v e r t i c a l p l ane through the a u r a l an tennas i s a t r i g h t a n g l e s t o 
t h a t th rough t h e " v i s u a l " a n t e n n a s , the a u r a l r ange p a t t e r n i s s h i f t e d 90° i n 
space w i t h r e s p e c t t o t h e v i s u a l r ange p a t t e r n The a u r a l c o u r s e s a r e , t h e r e f o r e , 
a t<p = 7T/2 and (p = 3 n/2 i f <P i s r e f e r r e d t o t h e v i s u a l c o u r s e . 

The k e y e r i n the l e a d s t o the a u r a l l o o p s r e v e r s e s t h e phase of the l o o p 
c u r r e n t s 180° e v e r y tune i t o p e r a t e s One bean p a t t e r n i s k e y e d w i t h t h e l e t t e r 
D, w h i l e the o the r bean p a t t e r n i s keyed w i t h the l e t t e r U. A p i l o t f l y i n g a v i s u a l 
c o u r s e on one s i d e of the s t a t i o n h e a r s a predominant D s i g n a l ; w h e r e a s , a p i l o t 
f l y i n g the v i s u a l c o u r s e on t h e o t h e r s i d e o f the s t a t i o n h e a r s a predominant U 
s i g n a l The r a t i o o f the m t e n s i t i t i e s o f t h e TJ and U s i g n a l s depends on t h e 
c l e a r a n c e of the a u r a l p a t t e r n s The a u r a l r a n g e i n c o n j u n c t i o n w i t h the v i s u a l 
r ange p e r m i t s quadrant i d e n t i f i c a t i o n . 

I n summar iz ing , i t may be s a i d t h a t a u r a l and v i s u a l r ange p a t t e r n s have 
the same c h a r a c t e r i s t i c s i n s p a c e , e x c e p t t h a t t h e y a r e s h i f t e d 90° w i t h r e s p e c t 
t o each o t h e r , and t h e i r t ime of o p e r a t i o n i s d i f f e r e n t I n t h e v i s u a l r a n g e the 
s o l i d and dashed bean p a t t e r n s of f i g u r e 1 a r e p r e s e n t s i m u l t a n e o u s l y , w h e r e a s , 
i n t h e a u r a l r a n g e , e i t h e r the dashed or t h e s o l i d bean p a t t e r n i s r a d i a t e d , bu t 
n o t bo th a t the same t ime 
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The r e l a t i v e s i g n a l s t rength on course, F (0), i s independent o f the antenna 
spacing S and depends on ly on the cu r ren t d i s t r i b u t i o n k between center and s ide 
antennas. 

(3) F (0) = 
k + 2 

The maximum r e l a t i v e f i e l d s t reng th i s u n i t y and i s i n the d i r e c t i o n s 
-1 ( X ) 

(4) p..in 

CLEARANCE OF THE VISUAL AND AURAL RANGE 

The c learance C of a range i s de f ined as the r a t i o o f the des i red t o the undesi red 
rad ia ted s i g n a l a t an a r b i t r a r y po i n t i n the h o r i z o n t a l plane a t angle (p o f f cou rse . 
I n other words, C i s the r a t i o o f the i n t e n s i t y a t an angle (p o f f course, o f the s t ronger 
to the weaker of two assoc ia ted bean pa t t e rns . C u s u a l l y i s expressed i n db . 

k + 2 s i n (2 7TS/X s i n <p) 
(5) C — 

k - 2 s i n (27TS/A sin<p) 

f o r 0 < <p < n C M 

On course <p = 0 or TT 

C (0) = 1 = C min. 

(5.1) C 

At r i g h t angles to course <p = n/2 

k + 2 s i n (2 n S / X ) 
k - 2 s i n (2 TT s / X ) 

For 0 < k < 2 there e x i s t angles <P, f o r 

which C (<p) = co. They are g iven by 

1 -1 / k \ 
2 7TS/X 

and 

s i n <p — 2 TT s/\ 

For k > 2 

-1 
s i n (f) - •] 

(5.3) C max. =

 k + 2

 W i t h < p = s i n " 1 f-^-] 
k - 2 \ 4S / 

For 0 < k < 2 a secondary minimum of c learance 

e x i s t s 

2 + k 
[5 4) C sec min. = 2 - k 

w i t h 

(5.5) <P = s m - 1 C X J 

( 4S ) 
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Angles <P and ( ISO - (P ) are i d e n t i c a l w i t h those 

g i ven m equat ion (4) f o r maximum f i e l d s t reng th 

SHARPNESS OF COURSES 

The course-sharpness N i s def ined as the c learance a t T§° o f f course 

En te r i ng equat ion (5) above w i th 

<P = A < 0 = l j ° = 0.0262 rad ian 

s i n A <P = A <P 

s i n (27TS /X s i n 4 (P) = 2TTS/\ 

g ives 

//-j u k + 0 33 SA 

MODULATION OF THE UHF TWO-COURSE RANGE 

I n the types of ranges considered here the c a r r i e r i s rad ia ted from the center 
antenna on l y The c i r c u l a r c a r r i e r f i e l d pa t te rn thus obtained makes the most e f f i c i e n t 
use of c a r r i e r power m a l l d i r e c t i o n s . 

The shane of the modulat ion envelope of two assoc ia ted bean pat terns f o r the 
v i s u a l course w i l l now be examined I f the two pat terns were of the same f requency, 
equations ( l ) and (2) cou ld be added a l g e b r a i c a l l y , g i v i n g a r e s u l t i n g c i r c u l a r f i e l d 
of r e l a t i v e i n t e n s i t y 

2k 
(7) M (<P) = = M (0) 

k + 2 
The a u r a l pa t terns each nave the same au ra l f r eque rcy , but the system 

does not emit both conjugate pa t te rns s imul taneous ly 

I n case of unequal pa t t e rn f requenc ies the abso lu te magnitudes of equations 
( l ) and (2) must be added to ob ta in the modulat ion enve lope. 

I n the range of values of IF where F ' ((P) i n equations (2) becomes negat ive 
the r e s u l t i n g r e l a t i v e modulat ion envelope i s g iven by 

(fa) M' { < P ) ~ — s i n (27TS/A. sin(p) 
k + 2 

The l i m i t i n g angles r£ separat ing the reg ions where equations (7) and (8) ho ld 
are found by l e t t i n g M {<P) = M' (0) 

Equat ion (8) i s app l i cab le f o r values of k 

0<k<2 
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For values of <P l eav ing F ' (<p) p o s i t i v e , equat ion ( 7) must be used. The 
modulation envelope on course has the va lue M (0) g iven i n equat ion (7) 

I n the range of angles <p where equat ion (6) holds the modulat ion i n terms of 
the modulation on course i s g i ven by 

2 
(10) M1 (<p) = M (0) — s i n (27TS/A s i n ^ j ) 

I n the Type C Range M (0) i s 40$, as the modulat ion f a c t o r f o r each pa t te rn 
of the v i s u a l course i s 20* 

I n f i g u r e 6 M (<p) versus tp i s p l o t t e d w i th k as parameter, f o r M (0) = l±Q% 
I t f o l l ows that f o r best u t i l i z a t i o n of a c i r c u l a r c a r r i e r f i e l d the antenna cur rent 
r a t i o k should be 

k > 2 

There are a l so cons idera t ions of course-sharpness and minimum clearance 
enter ing the choice of k Re fe r r i ng to f i g u r e 7 i t w i l l be observed tha t f o r maximum 
clearance i n any d i r e c t i o n (equal r i g h t - a n g l e and minor lobe c learance) k should be 
1 6, w i t h 2 7 T 5 / K = L40° 

C S ec min = 19 db 

N = 1 . 4 5 db 

F igures 8 and 9 show clearance curves versus cur ren t r a t i o over a narrower 
range of k f o r antenna spacing of 120° and 140°, r e s p e c t i v e l y 

The choice of a s u i t a b l e antenna spacing and cur ren t r a t i o t h e r e f o r e , i s a 
compromise between course-sharpness, c learance, and modulat ion envelope I n the Type 
C range, a cu r ren t r a t i o k = 2.0 w i th an antenna spacing of 120° was chosen Th is i s 
a v e r y s a t i s f a c t o r y compromise which g ives a c i r c u l a r modulat ion envelope, a h igh 
average clearance i n any d i r e c t i o n and keeps the course-sharpness s u f f i c i e n t l y h igh 
I n f i g u r e 10 the clearance i n any d i r e c t i o n i s shown w i t h k = 2 0 and antenna 
spacing 120° and 140°, r e s p e c t i v e l y 

A comparative tab le showing the degrees of modulation f o r the seve ra l types 
of UHF ranges i s g iven below 

TABLE I 

Percent Modulat ion o f U H F . Simultaneous 
Two-Course Ranges 

Frequency Type A - l Type A-2 Type B Type C Type D 

90 cps 
150 » 

25 
25 

25 
25 

17 5 
17 5 

20 
20 

17 
17 

1020 " 
Voice 

6 
25 

6 10 
20 

8 
32 

1020 " 
on 12 kc 

14-5 

Voice on 
20 kc 13 33 
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EFFECT OF MAGNITUDE OF CURRENT IN CENTER ANTENNA ON HORIZONTAL 
FIELD PATTERN 

Under operat ing cona i t ions changes of the cur ren t i n the center antenna 
i n v o l v e , i n genera l , both magnitude and phase For purposes of s tudy ing the f i e l d 
pat terns under va r ious c o n d i t i o n s , i t i s advantageous to consider magnitude and phase 
changes as occur r ing both separa te l y and s imul taneously Under t h i s heading the phase 
angle of the cur ren t i n the center antenna i s assumed t o be 0°, and tha t i n the two 
s ide antennas±90°, r e s p e c t i v e l y Using equations (3) and ( 6 ) , the r e l a t i v e f i e l d 
s t reng th on-course and the course-sharpness are p l o t t ed i n f i g u r e 11 f o r values of 
cur ren t r a t i o k between 0.1 and 10 While f o r p r a c t i c a l two-course r a d i o ranges the 
l i m i t i n g va lues of k a re , approximate ly , between 1 and 2.5, much wider l i m i t s of k 
may a c c i d e n t a l l y occur i n systems where center ana s ide antennas are f ed from 
d i f f e r e n t amp l i f i e rs Wide v a r i a t i o n s of the r a t i o k occur i f the vacuum tubes of 
e i t h e r amp l i f i e r lose emission A la rge k makes the course extremely broad, and a small 
k makes i t v e r y sharp For 140° antenna spacing the course sharpness becomes i n f i n i t e 
f o r k = 0 128 The r e l a t i v e s i g n a l s t reng th on course increases w i th k and reaches 
u n i t y asympto t i ca l l y The c learance, g iven by equation ( 5 ) , has minima i n the d i r e c t i o n 
of the minor lobes For 2 7i"S/X = 140° these minima are a t ip = 40° and 140° g iven by 
equat ion (4) Minor lobe c learance and clearance at r i g h t angles to course versus k 
are p l o t t ed i n f i g u r e 7 For c e r t a i n values of k the above clearances are i n f i n i t e and 
decrease as k i s v a r i e d i n e i t he r d i r e c t i o n from these c r i t i c a l v a l u e s . For a s a t i s ­
f a c t o r y f i e l d pa t te rn the minimum clearance o f f course should be over 20 db F igures 
12 to 22, i n c l u s i v e , show h o r i z o n t a l f i e l d pat terns f o r va r ious values of k, f o r 140° 
ana 120° antenna spacing 

EFFECT OF PHASE OF CURRENT IN CENTER ANTENNA ON HORIZONTAL 
FIELD PATTERN 

Assuming u n i t cu r ren t i n the s ide antennas whose phase angle d i f f e r 180° from 
each o ther , and cu r ren t k i n the center antenna whose phase i s (90 + e ) and -(90 - € ) 
w i t h respect to the s ide antennas, the r e l a t i v e magnitude of the h o r i z o n t a l f i e l d 
pa t te rn i n the d i r e c t i o n ip i s g i ven by 

(11) F (<p) = 2 
2 2 

s i n (27TS/X s i n ip ) + k_ 
4 

+ k cos e s i n (2 7TS/X s i n <p ) 2 

For antenna s rac ings of 140° and k = 1.5 these f i e l d pat terns have been drawn 
f o r e = 0 ° , 45° , 80°, 90°and are shown i n f i g u r e s 23 to 26, i n c l u s i v e I t w i l l be 
observed t h a t course-sharpness and clearance decrease w i th inc reas ing angles € 

To f u r t h e r i l l u s t r a t e the e f f e c t of the phase angle of the cur ren t i n the 
center antenna on c learance, course sharpness and r e l a t i v e s i gna l s t rength on course, 
the curves m f i g u r e 27 are presented For phase angles which are not too l a r g e , the 
course-sharpness decreases but l i t t l e , whereas c learance a t r i g h t angles to the 
course, and minor lobe c learance decrease r a p i d l y 

I t i s important to note tha t f o r phase s h i f t s between 90° and 180°, the 
des i red s i g n a l of f course i s weaker than the undesired one, l e , the courses are 
reversed For 100° phase s h i f t , f o r example, the pat terns are s i m i l a r to those f o r 
90°, except f o r the r e v e r s a l 

The e f f e c t of simultaneous changes of magnitude and phase of the cu r ren t i n 
the center antenna i s shown i n f i g u r e s 28 to 31, i n c l u s i v e 

I t w i l l be observed tha t the c learance i n any d i r e c t i o n becomes i n s u f f i c i e n t 
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i f k i s very large or very small, or i f c i s c lose to 90°. 

I f k i s sma l l , the course sharpness i s l a r g e , and the r e l a t i v e s i g n a l s t reng th 
on course weak The opposi te holds t rue i f k i s l a rge 

I n s u f f i c i e n t c learance may confuse the p i l o t s ince he may be l i eve he i s 
approaching a course when he i s a c t u a l l y f l y i n g away f r o n the course . 

I n Table I I the e f f e c t of magnitude and phase of the cur ren t ^.n the center 
antenna on course-sharpness, c lea iance and r e l a t i v e s i g n a l s t reng th on course are 
g i v e n . 

THE QUESTION OF COURSE STABILITY 

Changing magnitude and phase of the cu r ren t i n the center-antenna does not 
s h i f t the course, but i t changes course-sharpness and clearance 

I n order to s h i f t the course, the two assoc ia ted bean pat terns must d i f f e r i n 
s i z e and/or shape Reviewing f i g u r e 2 we f i n d that f o r a symmetrical l a y o u t , balanced 
to ground, and w i th proper i n i t i a l adjustment, the pat terns of both v i s u a l and au ra l 
ranges irust be symmetrical on e i t h e r s ide of the course Operat ion of the con t ro l s i n 
the t ransmi t te r and s ide-band generator does not a f f e c t the s t a b i l i t y o f the course 
s ince both pat terns remain symmetr ical The same reasoning a lso holds f o r Type B, Type C 
and Type D ranges 

TABLE I I 

Antenna Spacing = 140° 

(A) V a r i a t i o n of Magnitude k of Current i n Center Antenna 

k Course Clearance Clearance (On Course) 
( r a t i o ) (degrees) Sharpness at 40° a t 90° (Max. S i g n a l ) 

Cab) (db) (db) (%) 
0 1 0 18 2 0 87 1 35 4.7 
C 8 0 2 85 7 4 13 28 5 
1 5 0 1 5 16 9 22 3 43 
3 0 0 75 14 7 98 60 

1C 0 0.24 3 5 2 22 83 

(B) V a r i a t i o n of Phase 6 of Cur rent i n Center Antenna 

1 5 0 1 5 16 9 22 3 43 
1 5 45 1 03 7 2 7 5 46 5 
1-5 SO 0 257 1 45 1 5 56 
1 5 90 0 0 0 60 

(C) Simultaneous V a r i a t i o n o l k and € 

5 45 0 3 4 63 O 08 76 
0 2 45 4 44 1 21 1 87 9 3 
5 80 0 069 1 06 0 75 88 
0 2 80 1 97 0 30 0 44 9 8 



8 

COURSE SHIFTS PRODUCED BY ARTIFICIAL MEANS 

As there are cases where it may be desirable not to have the two courses in 
a straight line but at an angle to each other, the following is of more than academic 
interest 

The first of two methods for shifting courses described below makes use of 
two similar bean patterns of unequal size Such patterns can be produced if the degree 
of modulation at 90 and 150 cycles is made unequal (visual course), and in case of 
aural ranges of Types A-l, A-2, and C, if resistance is introduced in the line between 
aural side-band generator and RF bridge 4 in figures 2 to 4, inclusive. This resistance 
has to be switched into the line in rhythm with the D or U keying. To obtain similar 
aural bean patterns of unequal size in the Type B range, the 1020 cycle oscillator 
output must be reduced in rhythm with the D or U keying. 

In figure 32 the course shift tf>\ versus scale factor y by which the two bean 
patterns differ, is plotted for antenna current ratios K = 1 and k = 2, and for an 
antenna spacing of 120° Each course is shifted degrees 

The course shift is found from the equation 

^ 2 7TS /X [2 (l + y)J 

and is towards the smaller of the two patterns. 

Calculation of the course sharpness of the shifted courses gives the result 
that for the range of values of k and y given in figure 32 the sharpness changes only 
a few percent 

The clearance off course between the two patterns is proportional to the scale 
factor y or to l/y, depending on which side of the course i t is measured 

The reduction in clearance restricts the values which may be given to the scale 
factor The maximum practicable course shift which may be realized with this method 
is belcw 5° for each course. 

The second method for shifting of courses is as follows. The current in the 
side antennas is left normal (unity), but the current, for one bean pattern, in the 
center antenna is made equal to ky, whereas that for the other bean pattern is left 
equal to k. 

The course-shift </>i is given by 
(13) sln<°'=2FsA S ln _1 [f (y " 1]] 
Course shift versus factor y is plotted in figure 33, for k — 1 and k = 2, 

and antenna spacing 120° Appreciable course shifts can be obtained in this way, 
however, the course sharpness is reduced For example, for a course-shift of<p'= 14-5°; k = 2} y = 2 the course-sharpness is reduced ,to N = 0.53 db compared to 
N = 0 9 db for y =1. Minimum clearance is reduced too, as can readily be shown 
Therefore, course-shifts of over 7° for each course appear impractical with this scheme. 

Artificial course-shifts should be avoided •whenever possible since the overall 
performance of the range is reduced The clearance becoiies less and the course sharp­
ness becomes less. 
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DESCRIPTION OF TYPE A - l , A-2 AND C RANGES, USING MECHANICAL 
MODULATOR AND RF BRIDGES 

Inspec t i on of f i g u r e s 2, 3, and 4 shows range systems us ing fou r r f br idges 
and the mechanical modulator. The f u n c t i o n of these f i v e components i s i d e n t i c a l i n 
Types A - l , A-2 and C 

The r f . b r idges and connect ing c i r c u i t s cons i s t of 2-wire (balanced) sh ie lded 
l i n e . The l eng th of the br idge arms i s 0 152X.and i s designed to match the c h a r a c t e r i s t i c 
impedance of the connect ing l i n e s a t the corners o f the b r idge i n br idges 2, 3, and 
U- The l eng th of the b r idge arms of b r idge 1 i s 4 and i s designed to g ive minimum 
r e a c t i o n on the t ransmi t te r Consider r f b r idge 1, f i g u r e 2 The unmodulated c a r r i e r 
enters a t A, d i v i d e s equa l l y and leaves the br idge at B and C As f a r as vo l tage of 
c a r r i e r f requency f c i s concerned, po in t D i n r f b r idge 1 cons t i t u tes a s h o r t - c i r c u i t , 
s ince the vo l tages coming from B and C are equal i n magnitude and opposi te i n phase 
(due to the c r o s s - o v e r ) at D The reason f o r i n t roduc ing r . f b r idges 1 and 2 i s to 
make the 90 and 150 cyc l e modulat ion n o n - i n t e r a c t i n g , thus avo id ing the use of separate 
t ransmi t te rs and separate antennas Any change i n c a r r i e r output of the t ransmi t te r 
a f f ec t s both 90 and 150 cyc l e bean-pat terns e q u a l l y , and no c o u r s e - s h i f t occurs The 
150 cyc l e modulat ion in t roduced i n l i n e C-H does not enter l i n e B-F I t i s r e a d i l y 
seen t h a t due t o the c ross -ove r i n arm C-D, the e f f e c t o f 150 cyc l e modulat ion, f o r 
example, does not t ransmi t i t s e l f from C to B because vo l tages of equal magnitude and 
opposi te phase a r r i v e a t B v i a A and D, r e s p e c t i v e l y Th is i s on ly p o s s i b l e , of course, 
i f the impedance look ing from A i n t o the t ransmi t te r equals that look ing from D i n t o 
the box (Z-j_) The impedance look ing from A i n t o the t ransmi t te r i s p r a c t i c a l l y p u r e l y 
r e a c t i v e , t h e r e f o r e , no power i s l o s t i n Z\. 

S im i l a r reasoning holds f o r r f b r idge 2 I n t h i s br idge the impedance 
look ing from G towards the v i s u a l loops and from E towards r f b r idge 3 equals the 
c h a r a c t e r i s t i c impedance Z 0 of the l i n e The f requenc ies i nd i ca ted i n the va r ious 
par ts of the f i gu res 2 to 4, i n c l u s i v e , are h e l p f u l f o r the understanding of the 
br idges and t h e i r assoc ia ted c i r c u i t s 

Besides p revent ing i n t e r a c t i o n of the 90 and 150 cyc le modulat ion, the c r o s s ­
over i n r f . b r idge 2 a lso serves t o produce 180° phase s h i f t between the 90 and 150 
cyc le modulated sidebands fed to the v i s u a l antennas (equat ions 1 and 2 ) , thus g i v i n g 
r i s e to the two bean-pat terns i n f i g u r e 1. The c ross -ove r i n the lead to one o f the 
v i s u a l (and au ra l ) antennas produces the requ i red 180° phase s h i f t between the cu r ren t 
i n two d i a g o n a l l y opposi te loops Adjustment of the cur ren t phase i n the center antenna 
to±90° w i th respec t to the cu r ren t i n the s ide- loops i s accomplished by a phasing n e t ­
work cons i s t i ng of a U-shaped v a r i a b l e leng th of l i n e 

The mechanical modulator i s o f the absorpt ion type I t does not f u r n i s h any 
power The mechanical modulator cons is ts of two 2-wire t ransmiss ion l i n e s , one f o r 
90 cyc le and- one f o r 150 c y c l e modulat ion, s h o r t - c i r c u i t e d a t one end and c a p a c i t i v e l y 
loaded a t the other These t ransmiss ion l i n e s are i n d u c t i v e l y coupled to l i n e s B-F 
and C-H and absorb maximum c a r r i e r power when they are tuned to resonance, and, of 
course, minimum power when tuned f a r t h e s t o f f resonance Tuning v a r i a t i o n s o f the 
modulator frames are obtained b y va ry ing t h e i r load ing capac i t ies toothed d i scs 
("paddle whee ls" ) are r o ta ted between the p la tes of the load ing condensers. The 
des ign i s such t h a t the frames resonate when the load ing capac i t ies are minimum The 
paddle wheels are on the sha f t extensions of an 1800 r p m synchronous motor and have 
3 and 5 t ee th , r e s p e c t i v e l y . The paddles are so o r i en ted w i t h respect to each other 
that maximum absorp t ion of power does not occur s imul taneously on the 90 and 150 cyc le 
s i d e . Adjustment o f the percentage modulat ion i s r e a d i l y monitored w i th the o s c i l l o ­
scope. 

From the above d e s c r i p t i o n i t f o l l ows tha t the mechanical modulator has a h igh 
degree of r e l i a b i l i t y s ince the p o s s i b i l i t y of c o u r s e - s h i f t i s p r a c t i c a l l y e l iminated 

R f b r idge 3 serves to i s o l a t e br idges 2 and 4- from each o the r . Since the 
impedance look ing from K (b r idge 3) i n t o the center antenna equals the c h a r a c t e r i s t i c 
impedance Z 0 ( r e s i s t i v e ) the same impedance must be present look ing from L i n t o Z-,. 
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F i f t y percent o f the power en te r ing b r idge 3 i s , t h e r e f o r e , l o s t i n 

R f b r idge 4 separates v o i c e and aura l s ide-bands, and i n h a l f the 
power en te r ing br idge 4 i s l o s t The power- loss i n b r idges 3 and 4 i s a disadvantage 
of Types A - l , A-2, and C ranges Fu r the r s tudy has l e d to a s o l u t i o n which i s less 
was te fu l o f power than these types I t i s c a l l e d the Type E range and i s descr ibed 
l a t e r 

The sideband generators shown diagrammat ical ly i n f i g u r e s 2 to 4, i n c l u s i v e , 
are a l l o f the same fundamental des ign The g r i d s of the two tubes i n the output 
stage of the sideband generator are connected i n p a r a l l e l and exc i t ed a t c a r r i e r f requency 
The p la tes of these tubes are connected, as f a r as the c a r r i e r f reauency i s concerned, 
to a push -pu l l c i r c u i t The modulat ion vo l tage i s app l i ed to each of the p la te c i r c u i t s 
separa te ly and no d c . p la te vo l tage supo ly i s used Each tube passes cu r ren t dur ing 
a l t e rna te h a l f - c y c l e s of modulat ior f requency o n l y , and i t can be shown tha t s idebands, 
but no c a r r i e r , are present i n the output tank c i r c u i t For proper f unc t i on ing of 
the range, the suppressed c a r r i e r f requency a t the sideband generator must, of course , 
be equal to the c a r r i e r f requency of the t ransmi t te r F u r t h e r , the sideband cur ren ts 
must be so phased w i th respec t to the c a r r i e r i n the center antenna tha t i f the c a r r i e r 
of the sideband generators were not suppressed i t would be i n phase w i t h the c a r r i e r 
i n the center antenna s ince improper phasing produces d i s t o r t i o n With l i n e a r de tec t i on 
and phase s h i f t <f>, the des i red s i g n a l decreases as cos <f)t and the most important d i s ­
t o r t i o n terms increase p ropo r t i ona l t o s i n <f) 

The Type A - l UHF simultaneous two-course range has a r a d i a t e d f requency spectrum 
as shown i n f i g u r e 34- The c a r r i e r f c i s modulatea by 90, 150, and 1020 c y c l e s , and 
by vo i ce I n order t o separate the a u r a l range s i g n a l and v o i c e , a combination 1020 
cyc l e band pass, band - re jec t i on f i l t e r has to be used w i t h the r e c e i v e r . The 90 and 
150 cyc le components are at tenuated i n the g r i d c i r c u i t of the audio output stage by 
a r e s i s t o r - c a p a c i t o r h igh pass f i l t e r 

The Type A-2 and C ranges make use of double modulat ion The p r i n c i p l e s of 
double modulation are w e l l es tab l i shed ana are used i n c a r r i e r te lephony over w i r e s , 
and i n rad io The c a r r i e r i s modulated by s u b - c a r r i e r s which i n tu rn are modulated 
by vo i ce or code At the r e c e i v i n g end, the s u b - c a r r i e r s are separated from each 
other and de-modulated i n order to e x t r a c t the message I n t h i s range, the v o i c e 
modulated a 20 kc s u b - c a r r i e r which i n t u r n modulates the vo ice sideband generators 
F igu re 34 shows the rad ia ted f requency spectrum The vo i ce spectrum can be f u l l y 
u t i l i z e d , l e , no vo i ce f requencies are l o s t and no band pass, band - re j ec t i on f i l t e r s 
are r e q u i r e d 

The Type C range has both vo ice and a u r a l range s igna ls on s u b - c a r r i e r f requenc ies 
which are 20 kc and 12 kc , r e s p e c t i v e l y . The f reauency spectrum i s a lso shown i n f i g u r e 
34 

Whi le the f requency band i s g rea te r i n Type A-2 and Type C ranges than i n the 
Type A - l , B and TJ ranges, l i t t l e a d d i t i o n a l equipment i s r e q u i r e d t o prodace the sub-
c a r r i e r s , and t h i s equipment i s of convent iona l des ign 

The main advantage of the Types A - l , A -2 , C ard D ranges i s tha t t h i s d i s t r i ­
bu t i on of power to center and s ide antennas takes place a t rad io f requenc ies over 
pass ive l i n e a r networks Changes i n t ransmi t te r or sideband generator output do not 
a f f e c t the d i s t r i b u t i o n of power between center and s ide antennas Thus a h igh degree 
of s t a b i l i t y i n course-sharpness and clearance i s obtained 

DESCRIPTION OF TYPE B UHF TWO-COURSE RANGE USING HYBRID COIL 

A schematic diagram of t h i s range i s g i v e n m f i g u r e 35 I t w i l l be observed 
tha t the same f requencies are rad ia ted by Types A - l and B, but no r f b r idges and no 
mechanical modulator are used I n the Type B range, sideband generators are used to 
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produce both the v i s u a l and the aura l courses 

I n con t ras t w i th the other ranges, the Type B range uses convent iona l p la te 
c i r c u i t modulation i n the output stage of the t ransmi t te r The output stage i s coupled 
to the center antenna on ly and i s modulated by v o i c e , 1020, 150, and 90 cyc les The 
90 and 150 cyc l e f requenc ies are produced by two a l t e r n a t o r s d r i ven by a synchronous 
motor and are fed through a h y b r i d c e i l t o the v i s u a l sideband generator which feeds 
the v i s u a l s ide - loops The f unc t i on of the h y b r i d c o i l i s to in t roduce 90 and 150 
cyc le power i n t o cen ter antenna and v i s u a l s ide antennas w i thout i n t e r f e r i n g w i t h the 
vo ice and 1020 cyc l e c i r c u i t s which a lso d e l i v e r power to the center antenna The 
h y b r i d c o i l which cons is ts of f o u r t ransformers takes the place of the r f b r idges 
i n Type A - l , A -2 , C and D ranges The equ iva len t of the c r o s s - o v e r i n arm C-H of 
r f b r idge 2 of Type A - l range i s obtained by feeding 150 and 90 cyc l e vo l tage i n t o 
the pr imary and secondary, r e s p e c t i v e l y , of one of the t ransformers of the h y b r i d c o i l 
Due to cu r ren t d i v i s i o n , h a l f o f tMe power fed i n t o the hyb r i d c o i l i s l o s t , but the 
amount of power l o s t i s small Keying, I e , r e v e r s i n g the 1020 cyc l e v o l t a g e m 
Type B range, which i s fed i n t o the au ra l sideband genera tor , changes the phase of the 
s idebard vo l tages 180° and thereby re \e r ces the a u r a l f i e l d p a t t e r n . R f phasing 
networks are r e q u i r e d i n the leads to the v i s u a l and au ra l s ide antennas s ince phasing 
between c a r r i e r and sidebands cannot be accomplished i n the audio f requency c i r c u i t s 

DESCRIPTION OF TYPE D UFF TW0-C01RS3 RHJIGE USING MECHANICAL 
MODULATOR AND RF BRIDGES 

Figure 3 5 shows a schenat ic diagram of the Type D range The c i r c u i t s connect ing 
r f b r idges I , 2, and 3 are i d e n t i c a l w i th tnose of Types A - l , A -2 , and G The 
connect ions to r f br idges 4, however, are d i f f e r e n t 

Two i d e n t i c a l Class C amp l i f i e rs are exc i t ed i n p a r a l l e l and fed to opposi te 
corners of br idge 4* Both Class C amp l i f i e rs are p la te modulated w i th v o i c e , wh i le 
only one Class C amp l i f i e r i s p la te modulated w i th 1020 cyc les Vo ice sidebands and 
c a r r i e r are fed to br idge 3, but not to the au ra l loops I n br iage 3 the c a r r i e r 
vo l tages coming from br idges 2 and 4 feed the center loop and oppose each other i n 
res i s tance Z^ I f the magnitude of the two c a r r i e r s i s nade equal and t h e i r phase 
ad justed p r o p e r l y , no c a r r i e r power i s l o s t i n Ha l f the sideband power en te r ing 
br idge 3, however, i s l o s t i n Z^ I n order to proauce the au ra l course, on ly one of 
the vo ice modulated amp l i f i e rs feed ing b r i dge 4 i s modulated by 1020 c y c l e s ; thus , 
the 1020 cyc le sideband cur rents enter the au ra l loops and the center loop 

I f the two vo ice modulated c a r r i e r s en te r ing b r idge 4 are not equal i n 
magnitude and phase, some 'voice sideoana and c a r r i e r oower i s fed t o the au ra l s ide 
loops and keyed i n the rhythm of the D-U s igna ls Tests have shown that as la rge an 
unbalance as 2.1 i n magnitude of vo ice sidebands does not produce an ob jec t ionab le 
arrount o f keyed vo i ce 

One fea tu re of the Type D range wh ich should not be overlooked i s the use o f 
modulated r f amp l i f i e r s ins tead of sideband generators I n an amp l i f i e r the s i d e ­
bands are i n h e r e n t l y i n proper phase r e l a t i o n w i th respec t to the c a r r i e r I f a p r o ­
p e r l y phased c a r r i e r of amplitude A-̂  i s combined w i th an improper ly phased c a r r i e r 
A2 w i th a phase s h i f t « 2 the r e s u l t i n g c a r r i e r has a phase s h i f t o f but 1/2 € 2 > l f 

A-l = A2 Th i s cond i t i on can be obtained f o r the Type D range The reduc t i on m u n ­
des i red phase s h i f t between c a r r i e r anc sidebands thus r e a l i z e d i s v e r y no t i ceab le i n 
improved vo i ce q u a l i t y 

An advantage of the Type D range over the Type A - l , A-2, and C ranges i s t ha t 
the o v e r a l l e f f i c i e n c y i s more than doubled thus making i t nea r l y equal to the Type B 
range. Th is r e s u l t s i n an increased d is tance range of "the three separate se rv i ces 
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RECEIVER CONSIDERATIONS 

SYSTEM SELECTED 

A f t e r rev iew ing the mer i ts of the v a r i o u s systems the C i v i l Aeronaut ics 
Admin is t ra t ion has se lec ted the Type B system f o r i n s t a l l a t i o n s ince i t i s the most 
e f f i c i e n t system and i s the s implest to i n s t a l l and ad jus t 

The r e c e i v e r , Type RUM, i s a superheterodyne type w i th an I F of 10 Mc 
( c a r r i e r - f r e q u e n c y = 125 Mc ) For Types A - l , B and D ranges , the r e c e i v e r i s 
i d e n t i c a l By means of the convent iona l 1020 cyc le bandpass, band - re jec t i on f i l t e r , 
the vo i ce and range f requenc ies are separated 

I n ranges of Types A-2 and C where double modulat ion i s employed, the 
f i l t e r s used f o r separa t ion of the 12 kc and 20 kc s u b c a r n e r s may be made r e l a t i v e l y 
l i g h t and smal l However, a separate de tec to r i s r equ i red f o r each s u b c a r n e r which 
n e c e s s a r i l y complicates the r e c e i v e r 

Resul ts so f a r obtained w i t h double modulat ion w i t h a s i n g l e vo i ce channel 
show that t h i s system of modulat ion i s not s u f f i c i e n t l y d i f f e r e n t i n performance to 
s i n g l e modulat ion as to recommend i t s use. However, i f more than one vo ice channel 
i s r e q u i r e d , i t w i l l be necessary to use double modulation w i th the at tendant compl i ­
ca t i on i n r e c e i v e r d e s i g n . 
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Figure 1 UHF Two Course Radio Range Horizontal Field Pattern 
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Figure 2 Type A-l Range Block Diagram 
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Figure 3 T y p e A - 2 Range Block Diagram 
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Figure 4 Type C Range Block Diagram 
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Figure 5 Type D Range Block Diagram 



Figure 6 U H F T w o - C o u r s e Range Modulation Percentage 
Versus Horizontal A n g l e from the Course 

Figure 7 Effect of Current in Center Antenna on Clearance 



Figure 8 Clearance and Course Amplitude with Various 
Current Ratios, Antenna Spacing 120.° 

10 IZ I A 16 16 20 22 2A 

RATIO OF CURRENT IN CENTER LOOP TO OUTSIDE LOOP 

Figure 9 Clearance and Course Amplitude with Various 
Current Ratios, Antenna Spacing 140° 



Figure 10 Clearance for Current Ratio of Two Figure 11 Effect of Current in Center Antenna on Course-Sharpness 
and On Relative Signal Strength on Course 



K = 0 I 

±90° 0° + 9 0 
I IS o I IS 1 KJ 

COURSE SHARPNESS — 18 2 db 
CLEARANCE AT 90" = 1 35 db 
CLEARANCE AT 40° = 0 87 db 

ON COURSE T O MAXIMUM SIGNAL= 047 

Figure 12 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = 0 10, Antenna Spacing 140? 
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COURSE —SHARPNESS = 2 85 db 
CLEARANCE AT 90 =13 db 
CLEARANCE AT 40 = 7 A db 

ON-COURSE TO MAXIMUM SIGNAL - 0 265 

Figure 13 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = 0 8, Antenna Spacing 1 4 0 ° 



Figure 1 4 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = 3, Antenna Spacing 140° 

k = 10 
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COURSE-SHARPNESS=024 db 
CLEARANCE AT 90 = 2 22 db 
CLEARANCE AT 40 - 3 52 db 

ON-COURSE TO MAXIMUM SIGNAL = 0 B3 

Figure 1 5 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K — 1 0 , Antenna Spacing 140° 



Figure 16 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = 2, Antenna Spacing 1 2 0 ° 

Figure 17 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = 1 7 3 , Antenna Spacing 1 2 0 ° 



COURSE SHARPNESS AT I 5° = 136db 
MINOR LOBE CLEARANCE (46 5 ) - 15 I db 
ON COURSE TO MAXIMUM SIGNAL = 7 71 db 

Figure 18 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = l 4, Antenna Spacing 1 2 0 ° 

COURSE-SHARPNESS AT I 5 = I 94 db 
MINOR LOBE CLEARANCE (48 6C) = 9 54 db 
ON COURSE /MAXIMUM SIGNAL = 9 54 db 

Figure 19 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = l , Antenna Spacing 1 2 0 ° 



COURSE-SHARPNESS AT \ 5° = 1 73db 
MINOR LOBE CLEARANCE = 13 16 db 
ON COURSE / MAXIMUM SIGNAL = S 17 db 

Figure 20 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = 1 28, Antenna Spacing 140° 

COURSE-SHARPNESS AT I 5 - I 33 db 
MINOR LOBE CLEARANCE (90°) - 17 5Z db 
ON-COURSE/MAXIMUM SIGNAL - 6 81 db 

Figure 21 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = 1 68 , Antenna Spacing 140° 



HORIZONTAL FIELD PATTERN 

± 90° 0° + 90° 
l E 2 0 10 

COURSE-SHARPNESS AT I 5 = I 12 db 
MINOR LOBE CLEARANCE = 13 26 db 
ON-COURSE/MAXIMUM SIGNAL - 6 0 db 

Figure 22 Effect of Antenna Current Ratio on the Horizontal 
Field Pattern, K = 2, Antenna Spacing 140° 
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CLEARANCE AT 40° ^ 16 9 db 
CLEARANCE AT 90 = 22 3 db 

ON COURSE TO MAXIMUM SIGNAL = 043 

Figure 23 Effect of Phase of Current in Center Antenna on the 
Horizontal Field Pattern, Center Antenna Phase 0° 
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COURSE SHARPNESS - 1 03db 
CLEARANCE AT 40 = 72 db 
CLEARANCE AT 90 =7 5 db 

ON COURSE TO MAXIMUM SIGNAL~046 

FIGURE 24 EFFECT OF PHASE OF CURRENT IN CENTER ANTENNA ON THE 
HORIZONTAL FIELD PATTERN, CENTER ANTENNA PHASE 45° 

FIGURE 25 EFFECT OF PHASE OF CURRENT IN CENTER ANTENNA ON THE 
HORIZONTAL FIELD PATTERN, CENTER ANTENNA PHASE 80° 
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FIGURE 26 EFFECT OF PHASE OF CURRENT IN CENTER ANTENNA ON THE HORIZONTAL 
FIELD PATTERN. CENTER ANTENNA PHASE 90° 
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Figure 2 7 Effect of Phase Angle of Current in Center Antenna on Clearance, 
Course-Sharpness and Relative Signal Strength on Course 



Figure 28 Effect of Magnitude and Phase of Current in Center 
Antenna on Horizontal Field Pattern, K = 5 , 
Center Antenna 45° 

Figure 29 Effect of Magnitude and Phase of Current in Center 
Antenna on Horizontal Field Pattern, K = 0 2, 
Center Antenna 45° 



Figure 30 Effect of Magnitude and Phase of Current in Center 
Antenna on Horizontal Field Pattern, K = 5, 
Center Antenna 80° 
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Figure 31 Effect of Magnitude and Phase of Current in Center 
Antenna on Horizontal Field Pattern, K = 0 2, 
Center Antenna 45° 



Figure 32 Course Shift Obtained with Two Similar Bean Pattern;, Figure S3 Course-Shift Obtained if Current in Center Antenna 
Differing by Scale Factor Y of One Uean Pattern is Multiplied by Factor Y 
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Figure 34 Radiated Frequency Spectra of UHF 
Simultaneous Ranges 
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Figure 35 Schematic Diagram of UHF Simultaneous 
Range Type B 


