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U.S. N A T I O N A L A V I A T I O N S T A N D A R D 

FOR 

THE V O R T A C ( V O R - T A C A N - D M E ) SYSTEM 

1. G E N E R A L , 

Under Publ ic L a w 85-726, the F A A (Federal 
Avia t ion Adminis t ra t ion) is charged with pro­
viding for the regulation and promotion o f civil 
aviation in such a manner as to best foster its 
development and safety, and to provide for the 
safe and efficient use o f the airspace by both civil 
and military aircraft, and fo r other purposes. 
Expl ic i t ly , the Adminis t ra tor shall develop, 
mod i fy , test and evaluate systems, procedures, 
facilities and devices, as well as define the per­
formance characteristics thereof, to meet the 
needs for safe and efficient navigation and traffic 
control o f all civil and military aviation operat­
ing in a common Civ i l /Mi l i t a ry System o f A i r 
Navigation and Traffic Control . 

1.1 T h e V O R T A C ( V O R - T A C A N - D M E ) S y s t e m 

C h a r a c t e r i s t i c s . 

Pursuant to 1, this Standard defines the V O R 
( V H F Omnidirect ional R a d i o R a n g e ) — T A C A N 
(Tact ical A i r N a v i g a t i o n ) — D M E (Distance 
Measuring Equ ipment ) system in the Uni ted 
States, its application and its performance char­
acteristics. F o r ground components o f the 
system, the material identifies the functional, 
signal and performance characteristics provided 
and with which all airborne components o f the 
system must operate as specified. F o r airborne 
components , the material identifies signal char­
acteristics, where applicable, and functional and 
performance characteristics which are required 
to meet overall operational use requirements and 
to provide compatibi l i ty between components o f 
the system. 

The respective airborne component character­
istics for V O R , T A C A N and D M E apply in 
entirety to those components used in aircraft 
operations performed under I F R (Instrument 
Fl ight Ru les ) . However , for other aircraft o p ­
erations the applicabil i ty is l imited to require­

ments as identified in Sections 4 and 6 hereof 
which are essential to prevent impairment o f 
services to other users o f the airspace. 

I t is recognized that certain existing compo­
nents d o not comply with all requirements o f 
this Standard. Since such components may im­
pair services to other users o f the system, degrade 
navigational accuracy o r otherwise adversely 
affect operational use o f the system, it is expected 
that use o f nonconforming components will be 
discontinued as soon as practicable. 

1.2 R e v i s i o n s . 

This Standard will be revised as needs o f the 
National Airspace System warrant. 

2 . V O R - T A C A N - D M E S Y S T E M D E S C R I P T I O N . 

The V O R - T A C A N - D M E system is a short 
distance rho-theta air navigation system which 
provides properly equipped aircraft with bear­
ing, identification and distance information ref­
erenced to selected ground components. When 
the airborne component complement includes a 
suitable area navigation ( R N A V ) device oper­
ating from data derived from the system, non-
radial routes are afforded in addit ion to those 
corresponding 1 to radials from the selected ground 
component . 

The system provides all civil and military 
aviation with an aid to navigation fo r the safe 
and efficient conduct o f aircraft operations, the 
safe and efficient exercise o f air traffic control 
and the efficient utilization o f airspace. 

2.1 P r i n c i p a l C o m p o n e n t s of the S y s t e m . 

2.1.1 G r o u n d C o m p o n e n t s . T h e principal 

ground components , which produce and radiate 
signals as specified hereinafter, a re : V O R pro­
viding ground to air communications and azi­
muth information to all civil avia t ion; T A C A N 
provid ing azimuth information to military users 
and distance information to both civil and milt-



Pag* 2 A C 0 0 - 3 1 

6 / 1 0 / 7 0 (Approved) 

tary users; and D M E only p rov id ing distance 
information to all users o f the airspace. 

2 .1 .1 .1 Facility Type Designations. C o m p o ­
nents compris ing ground facilities o f the system 
are identified in the Ai rman ' s Informat ion 
Manual by type designations as fo l lows to iden­
t i fy the type o f service provided, V O R type 
designators are prefixed by the letter " B " when 
the component provides scheduled voice broad­
casts, and are suffixed by the letter " W " when 
the component does not provide voice trans­
missions. 

Designator Type of Facility 

V O R V H F navigational faci l i ty, omni­
directional, azimuth only . 

D M E U H F navigational facil i ty, dis­
tance only . 

T A C A N U H F navigational faci l i ty, omni­
directional, azimuth and dis­
tance. 

V O R / D M E Associated V O R and D M E navi­
gational facilities. 

V O R T A C Associated V O R and T A C A N 
navigational facilities. 

2 . 1 . 1 . 2 Facility Operational Classifications. 
Each ground facility is identified as to the 
normally anticipated interference-free service 
volume by one o f the fo l lowing classification 
letters appl ied in parentheses as a prefix to the 
applicable facility type designation. Such classi­
fication is without regard to the fact that the 
frequency-protected service volume, operational 
requirements and use limitations may vary be­
tween facilities at different locations, o r that 
propagat ion anomalies, multipath propagat ion 
and site condit ions may alter the characteristics 
o f ground component signals available to aircraft 
within the normally anticipated interference-free 
service volume. 

Normul Unable 
Class Altitudes and Radius Dixtunce 

H A b o v e 45,000 ft. M S L and out to a 
radius o f 100 N M ; 

F r o m 18,000 ft. to and including 45,000 
ft. M S L and out to a radius o f 
130 N M ; 

F r o m 14,500 ft. to 18,000 ft. and out 
to a radius o f 100 N M . 

L U p to 18,000 ft. M S L and out to a 
radius o f 40 N M . 

T U p to and including 12,000 ft. M S L 
and out to a radius o f 25 N M . 

I I facilities also provide L and T service volumes 
and L facilities also provide T service volumes. 
T o the extent that frequency protection is in 
accordance with 2.1.1.6 and to the extent that 
the respective min imum signal power densities 
o f 3.3 and 5.3.2 are available to aircraft, facilities 
may also provide expanded operational service 
volumes which ex tend : ( a ) beyond the normal 
service radius to not more than 110 N M at M S L 
altitudes below 18,000 feet o r 185 N M at M S L 
altitudes, above 18,000 feet; o r ( b ) above the 
normal al t i tude; o r both. 

2 .1 .1 .2 .1 V e r t i c a l A n g l e C o v e r a g e L i m i t a t i o n s . 
With in the normally anticipated interference-
free service volume o f each faci l i ty, azimuth 
signal information permit t ing satisfactory per­
formance o f airborne components is normal ly 
provided f rom the radio horizon u p to an eleva­
tion angle o f not less than 60 degrees fo r V O R 
components and not less than 40 degrees for 
T A C A N components . A t higher elevation angles 
the azimuth signal information may not be us­
able. Components p rov id ing distance informa­
tion permit satisfactory performance o f airborne 
components f rom the radio horizon to an eleva­
tion angle o f not less than 60 degrees. 

2 . 1 . 1 . 3 C o - l o c a t i o n of C o m p o n e n t s . A V O R 

and either T A C A N or D M E shall be considered 
as associated components only w h e n : 

a . operated on a standard frequency pair ing 
in accordance with 2.1.1.5; 

b. co-located within the limits prescribed for 
associated facilities in 2.1.1.3.1; and 

c . c o m p l y i n g with the identification provisions 
o f 2.1.1.7.2.2. 

2 . 1 . 1 . 3 . 1 C o - l o c a t i o n L imi ts for A s s o c i a t e d 

C o m p o n e n t s . W h e n either T A C A N or D M E 
components are associated with a V O R , the com­
ponents shall be co-located in accordance with 
the f o l l o w i n g : 

a . COAXIAL CO-LOCATION: T h e V O R and T A C A N 
or D M E antennas are located on the same ver­
tical ax i s ; o r 

b. OFFSET CO-LOCATION: 
( 1 ) F o r those facilities used in terminal 

areas for approach purposes or other proce­
dures where the highest posit ion-fixing ac­
curacy o f system capabil i ty is required, the 
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2 . 2 S y s t e m Traffic H a n d l i n g C a p a c i t y . 

E a c h V O R a n d T A C A N g r o u n d c o m p o n e n t 
o f t h e s y s t e m p r o v i d e s a z i m u t h a n d f a c i l i t y 
i d e n t i f i c a t i o n i n f o r m a t i o n t o a n u n l i m i t e d n u m ­

b e r o f a i r b o r n e c o m p o n e n t s . U n d e r c o n d i t i o n s 
i n w h i c h i n t e r r o g a t i n g T A C A N a n d D M E c o m ­
p o n e n t s a r e i n t h e t r u c k m o d e o f o p e r a t i o n n o t 
l e s s t h a n 9 5 p e r c e n t o f t h e t i m e , T A C A N a n d 
D M E g r o u n d c o m p o n e n t s p r o v i d e s l a n t r a n g e 
d i s t a n c e i n f o r m a t i o n a d e q u a t e f o r t h e p e a k 
t r a f f i c o r 1 0 0 i n t e r r o g a t o r s , w h i c h e v e r i s t h e 
l e s s e r . 
2.3 S y s t e m A z i m u t h A c c u r a c y . 

S y s t e m a z i m u t h a c c u r a c y , e x p r e s s e d i n t e r m s 
o f e r r o r , i s a f u n c t i o n o f t h e e r r o r f a c t o r s a s s o ­
c i a t e d w i t h t h e g r o u n d a n d a i r b o r n e c o m p o n e n t s . 
F o r p u r p o s e s o f d e f i n i n g t h e s e e r r o r s , t h e f o l ­
l o w i n g t e r m s a r e u s e d w i t h t h e m e a n i n g s i n d i ­
c a t e d . 

a . RADIAL SIGNAL ERROR (EG): R a d i a l s i g n a l 
e r r o r i s t h e d i f f e r e n c e b e t w e e n t h e n o m i n a l m a g ­
n e t i c b e a r i n g t o a p o i n t o f m e a s u r e m e n t f r o m 
t h e g r o u n d c o m p o n e n t a n d t h e b e a r i n g i n d i c a t e d 
b y t h e g r o u n d c o m p o n e n t s i g n a l a t t h a t s a m e 
p o i n t . T h e r a d i a l s i g n a l e r r o r i s m a d e u p o f 

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

o f t i m e , a n d ( 2 ) c e r t a i n r a n d o m v a r i a b l e e r r o r s 
w h i c h c a n b e e x p e c t e d t o v a r y a b o u t t h e e s s e n ­
t i a l l y c o n s t a n t r e m a i n d e r . T h e r a d i a l s i g n a l 
e r r o r i s a s s o c i a t e d w i t h t h e g r o u n d c o m p o n e n t 
o n l y a n d e x c l u d e s o t h e r e r r o r f a c t o r s . 

b. AIRBORNE COMPONENT ERROR (EA): A i r b o r n e 
c o m p o n e n t e r r o r i s t h a t e r r o r a t t r i b u t a b l e t o t h e 
i n a b i l i t y o f t h e e q u i p m e n t i n t h e a i r c r a f t t o 
t r a n s l a t e c o r r e c t l y t h e b e a r i n g i n f o r m a t i o n c o n ­
t a i n e d i n t h e r a d i a l s i g n a l . T h i s e l e m e n t e m ­
b r a c e s a l l f a c t o r s i n t h e a i r b o r n e c o m p o n e n t 
w h i c h i n t r o d u c e s e r r o r s i n t h e i n f o r m a t i o n p r e ­
s e n t e d t o t h e p i l o t . ( E r r o r s r e s u l t i n g f r o m t h e 
u s e o f c o m p a s s i n f o r m a t i o n i n s o m e V O R a n d 
T A C A N d i s p l a y s a r e n o t i n c l u d e d . ) 

c . AGGREGATE ERROR (ES): A g g r e g a t e e r r o r i s 
t h e d i f f e r e n c e b e t w e e n t h e m a g n e t i c b e a r i n g t o 
a p o i n t o f m e a s u r e m e n t f r o m t h e g r o u n d c o m p o ­
n e n t a n d t h e b e a r i n g i n d i c a t e d b y a i r b o r n e c o m ­
p o n e n t s o f s t a t e d a c c u r a c y . T h i s i s t h e e r r o r i n 
t h e i n f o r m a t i o n p r e s e n t e d t o t h e p i l o t ( e x c l u s i v e 
o f a n y e r r o r s r e s u l t i n g f r o m u s e o f c o m p a s s 
i n f o r m a t i o n ) t a k i n g i n t o a c c o u n t n o t o n l y t h e 

g r o u n d c o m p o n e n t a n d p r o p a g a t i o n p a t h e r r o r s 
b u t a l s o t h e e r r o r c o n t r i b u t e d b y t h e a i r b o r n e 
c o m p o n e n t a n d i t s i n s t r u m e n t a t i o n . T h e e n t i r e 
r a d i a l s i g n a l e r r o r , b o t h f i x e d a n d v a r i a b l e i s 
u s e d . 

S i n c e t h e e r r o r s o f ( a ) a n d ( b ) , w h e n c o n ­
s i d e r e d o n a t o t a l s y s t e m b a s i s ( n o t a n y i n d i ­
vidual r a d i a l s o r c o m p o n e n t s ) a r e i n d e p e n d e n t 
variables , t h e y m a y b e c o m b i n e d b y t h e r o o t -
s u m - s q u a r e ( R S S ) m e t h o d t o c a l c u l a t e a g g r e g a t e 
system e r r o r ( E s ) w h e n t h e s a m e p r o b a b i l i t y i s 
g i v e n t o e a c h e l e m e n t . F o r p u r p o s e s o f t h i s 
S t a n d a r d , e a c h e l e m e n t i s c o n s i d e r e d to h a v e a 
9 5 % p r o b a b i l i t y . 

I n p r a c - t i e e , b a s e d on h u n d r e d s of t h o u s a n d s 
o f a c c u m u l a t e d d a t a p o i n t s , t h e r a d i a l s i g n a l 
e r r o r v a l u e ( E g ) h a s b e e n f o u n d t o b e ± 1 . 9 
d e g r e e s ( 9 5 % p r o b a b i l i t y ) . A i r w a y s , r o u t e s a n d 
t e r m i n a l a r e a p r o c e d u r e s i n t h e U n i t e d S t a t e s 
a r e d e s i g n e d o n t h e b a s i s o f a s y s t e m u s e a c ­
c u r a c y of ± 4 . 5 d e g r e e s ( 9 5 % p r o b a b i l i t y ) . T o 
s a t i s f y t h a t o p e r a t i o n a l u s e r e q u i r e m e n t , a c c u r a ­
cies s p e c i f i e d f o r a i r b o r n e c o m p o n e n t s i n S e c t i o n s 

4 a n d 6 h e r e o f p r o v i d e a n o m i n a l a g g r e g a t e 
Bystem a z i m u t h e r r o r v a l u e ( E s ) o f 3 . 5 d e g r e e s 
(959?; p r o b a b i l i t y ) . T h e a g g r e g a t e s y s t e m e r r o r 
v a l u e i s d e r i v e d a s f o l l o w s : 

R a d i a l S i g n a l E r r o r ( E g ) : ± 1 . 9 ° ( 9 5 % 
p r o b a b i l i t y ) . 

A i r b o r n e C o m p o n e n t E r r o r ( E a ) : ± 3 . 0 ° 
( 9 5 % p r o b a b i l i t y ) . 

A g g r e g a t e 
S y s t e m 
E r r o r ( E s ) = V E g 2 + E a a ( 1 ) 

= \/IST'+Z.0* ( 2 ) 

= V 8 . 6 1 + 9 . 0 0 ( 3 ) 
= Y/L2M ( 4 ) 

R o u n d e d = 3 . 5 ° ( 9 5 % p r o b a b i l i t y ) ( 5 ) 
W i t h r e s p e c t t o t h e ± 4 . 5 d e g r e e s y s t e m u s e a c ­
c u r a c y , t h e a g g r e g a t e s y s t e m e r r o r o f ± 3 . 5 d e ­
g r e e s a l l o w s a f a c t o r f o r e r r o r i n u t i l i z a t i o n o f 
t h e i n f o r m a t i o n p r e s e n t e d t o t h e p i l o t . T h i s 
u t i l i z a t i o n e r r o r , w h i c h i s a n i n d e p e n d e n t v a r i ­
a b l e a n d i s a t t r i b u t a b l e t o t h e f a c t t h a t a p i l o t 
c a n n o t o r d o e s n o t k e e p t h e a i r c r a f t p r e c i s e l y 
c e n t e r e d o n t h e r a d i a l o r b e a r i n g p r e s e n t e d , i s 
s t r i c t l y a p i l o t a g e e r r o r c o n t r i b u t i o n a n d d o e s 
n o t i n c l u d e p r e s e n t a t i o n e r r o r s . 
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2 . 4 S y s t e m D i s t a n c e A c c u r a c y . 

S y s t e m d i s t a n c e a c c u r a c y i s a f u n c t i o n o f t h e 
g r o u n d a n d a i r b o r n e c o m p o n e n t a c c u r a c i e s . T h e 

c o m p o n e n t v a l u e s i n t h i s S t a n d a r d p r o v i d e a 
s y s t e m d i s t a n c e a c c u r a c y o f ± 0 . 5 N M o r 3 % o f 
t h e s l a n t r a n g e d i s t a n c e , w h i c h e v e r i s g r e a t e r , 

( 9 5 % p r o b a b i l i t y ) w h e n t h e e r r o r v a l u e s a r e 
c o m b i n e d b y t h e r o o t - s u m - s q u a r e m e t h o d . 
2 . 5 A r e a N a v i g a t i o n U s e A c c u r a c y . 

W h e n a r e a n a v i g a t i o n d e v i c e s a r e u s e d w i t h 
i n p u t s f r o m c o m p o n e n t s o f t h e s y s t e m , t h o s e 
d e v i c e s m u s t b e i m p l e m e n t e d i n s u c h a m a n n e r 
t h a t r o u t e d i m e n s i o n r e q u i r e m e n t s a r e n o t i n ­
c r e a s e d . A n y e r r o r s i n t r o d u c e d b y a r e a n a v i g a ­
t i o n d e v i c e s m a y , t h e r e f o r e , n e c e s s i t a t e a c o m ­
p e n s a t i n g r e d u c t i o n i n o t h e r e r r o r e l e m e n t s . 
2 .6 S y s t e m F u n c t i o n a l a n d P e r f o r m a n c e C a p a ­

b i l i t ies . 

T h e f u n c t i o n a l a n d p e r f o r m a n c e c h a r a c t e r i s t i c s 
s e t f o r t h i n t h i s S t a n d a r d a r e t h o s e n e e d e d t o 
s a t i s f y c u r r e n t s y s t e m u s e a n d p e r f o r m a n c e r e ­
q u i r e m e n t s . M a n y g r o u n d a n d a i r b o r n e c o m p o ­
n e n t s u s e d i n t h e s y s t e m a f f o r d a c c u r a c y v a l u e s 
a p p r e c i a b l y b e t t e r t h a n t h o s e s t a t e d i n t h i s 
S t a n d a r d . T h e V O R - T A C A N - D M E s y s t e m i s 
i n h e r e n t l y c a p a b l e o f g r e a t e r a c c u r a c i e s a n d a d ­
d i t i o n a l f u n c t i o n s t o m e e t f u t u r e n e e d s f o r s a f e 
a n d e f f i c i e n t t i i r n a v i g a t i o n , t r a f f i c c o n t r o l a n d 
u t i l i z a t i o n o f t h e a i r s p a c e . 
3 . O P E R A T I O N A L C H A R A C T E R I S T I C S F O R V O R 

G R O U N D C O M P O N E N T S . 

T h e s u b p a r a g r a p h s h e r e t o i d e n t i f y s t a n d a r d 
s i g n a l c h a r a c t e r i s t i c s a n d t o l e r a n c e s f o r V O R 
c o m p o n e n t s o f t h e s y s t e m . E x c e p t a s n o t e d , 
t h e s e c h a r a c t e r i s t i c s r e p r e s e n t t h e p e r f o r m a n c e 
w h i c h s h a l l n o r m a l l y b e p r o v i d e d b y e a c h c o m ­
p o n e n t s u b j e c t t o l i m i t a t i o n s a s n o t e d u n d e r 
2 . 1 . 1 . 2 a n d 2 . 1 . 1 . 6 . 
3.1 P o l a r i z a t i o n . 

T h e g r o u n d c o m p o n e n t a n t e n n a s h a l l r a d i a t e 
h o r i z o n t a l l y p o l a r i z e d s i g n a l s . A z i m u t h e r r o r 
i n a i r b o r n e c o m p o n e n t s d u e t o t h e v e r t i c a l l y 
p o l a r i z e d c o m p o n e n t o f t h e r a d i a t e d s i g n a l w i l l 
n o t e x c e e d ± 2 . 0 d e g r e e s a t a i r c r a f t a t t i t u d e s e n ­
c o u n t e r e d i n n o r m a l o p e r a t i o n a l u s e o f t h e 
s y s t e m . 
3 .2 R a d i o F r e q u e n c y A c c u r a c y . 

T h e r a d i o f r e q u e n c y c a r r i e r s h a l l b e w i t h i n 

± 0 . 0 0 5 p e r c e n t o f t h e a s s i g n e d c h a n n e l f r e ­
q u e n c y . 

N O T E : W h e n V H F channels ending in odd-
twentieths of a M H z a r e utilized for either V O R 
o r I L S localizer components, the r a d i o frequency 
carr ier for all V O I l and localizer components wi l l 
b e wi th in ±0 .002 percent of the assigned channel 
frequency. 

3 . 3 R a d i a t e d P o w e r L e v e l . 

T h e e f f e c t i v e r a d i a t e d p o w e r l e v e l s h a l l n o t b e 
l e s s t h a n t h a t n e c e s s a r y t o p r o v i d e a s i g n a l p o w e r 
d e n s i t y o f — 1 1 1 d B w / m * a t t h e m i n i m u m s e r v i c e 

a l t i t u d e a t t h e m a x i m u m s p e c i f i e d o p e r a t i o n a l 
s e r v i c e r a d i u s . 

N O T E : A t 118 M H z the va lue - 1 1 1 d W w / n r 1 cor­
responds to —114 ( I B w in an isotropic receiving 
autemin, 

A t t h e n e a r e s t a i r c r a f t p o s i t i o n e x p e c t e d d u r i n g 
f l i g h t , t h e m a x i m u m s i g n a l p o w e r d e n s i t y a v a i l ­
a b l e t o a i r c r a f t w i l l b e o f t h e o r d e r o f —34 
d B w / m 8 . 
3 .4 A z i m u t h S i g n a l C h a r a c t e r i s t i c s . 

T h e V O R s h a l l r a d i a t e a r a d i o f r e q u e n c y c a r ­
r i e r w i t h w h i c h a r e a s s o c i a t e d t w o s e p a r a t e 
3 0 H z m o d u l a t i o n s . O n e o f t h e s e m o d u l a t i o n s 
s h a l l b e s u c h t h a t i t s p h a s e i s i n d e p e n d e n t o f t h e 
a z i m u t h o f t h e p o i n t o f o b s e r v a t i o n ( r e f e r e n c e 
p h a s e ) . T h e o t h e r m o d u l a t i o n ( v a r i a b l e p h a s e ) 

s h a l l b e s u c h t h a t i t s p h a s e o t t h e p o i n t o f o b ­
s e r v a t i o n d i f f e r s f r o m t h a t o f t h e r e f e r e n c e p h a s e 
b y a n a n g l e e q u a l t o t h e m a g n e t i c b e a r i n g o f t h e 
p o i n t o f o b s e r v a t i o n w i t h r e s p e c t t o t h e V O R . 
T h e r a d i o f r e q u e n c y c a r r i e r a s o b s e r v e d a t a n y 
p o i n t i n s p a c e s h a l l b e a m p l i t u d e m o d u l a t e d b y 
t w o s i g n a l s i n a c c o r d a n c e w i t h t h e f o l l o w i n g . 

3 .4 .1 S u b c a r r i e r F r e q u e n c y M o d u l a t i o n . O n e 
s i g n a l c o m p o n e n t s h a l l b e a s u b c a r r i e r o f 9 , 9 6 0 
H z o f c o n s t a n t a m p l i t u d e , f r e q u e n t l y m o d u l a t e d 
a t 3 0 H z h a v i n g a d e v i a t i o n r a t i o o f 1 6 ± 1 ( i . e . , 
1 5 t o 1 7 ) a s f o l l o w s : 

a . F o r t h e c o n v e n t i o n a l V O R t h e 3 0 H z c o m ­
p o n e n t o f t h e F M s u b c a r r i e r i s f i x e d w i t h o u t 
r e s p e c t t o a z i m u t h a n d i s t e r m e d t h e " r e f e r e n c e 
p h a s e . " 

b . F o r t h e D o p p l e r V O R t h e p h a s e o f t h e 
3 0 H z c o m p o n e n t v a r i e s w i t h a z i m u t h a n d i s 
t e r m e d t h e " v a r i a b l e p h a s e . " 

3 .4 .1 .1 S u b c a r r i e r F r e q u e n c y a n d A c c u r a c y . 

T h e s u b c a r r i e r m o d u l a t i o n m i d - f r e q u e n c y s h a l l 
b e 9 , 9 6 0 H z w i t h i n ± 1 . 0 p e r c e n t . 
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3 . 4 . 1 . 2 S u b c a r r i e r M o d u l a t i o n F r e q u e n c y a n d 

A c c u r a c y . T i i e m o d u l a t i o n f r e q u e n c y s h a l l b e 
3 0 H z w i t h i n ± 1 . 0 p e r c e n t . 

3 . 4 . 1 . 3 S u b c a r r i e r A m p l i t u d e M o d u l a t i o n . A m ­
p l i t u d e m o d u l a t i o n o f t h e s u b c a r r i e r s h a l l c o n ­
f o r m t o t h e f o l l o w i n g : 

a . F o r t h e c o n v e n t i o n a l V O R , t h e p e r c e n t a g e 
o f a m p l i t u d e m o d u l a t i o n o f t h e 9 , 9 6 0 H z s u b -
c a r r i e r s h a l l n o t e x c e e d 5 p e r c e n t . 

b . F o r t h e D o p p l e r V O R , t h e p e r c e n t a g e o f 
a m p l i t u d e m o d u l a t i o n o f t h e 9 , 9 6 0 H z s u b c a r r i e r 
s h a l l n o t e x c e e d 4 0 p e r c e n t w h e n m e a s u r e d a t a 
p o i n t a t l e a s t 1 0 0 0 f e e t f r o m t h e V O R . 

3 . 4 . 1 . 4 S i d e b a n d L e v e l of S u b c a r r i e r H a r m o n ­

i c s . W h e n 5 0 k H z V O R c h a n n e l s p a c i n g i s 
i m p l e m e n t e d , t h e s i d e b a n d l e v e l o f t h e h a r m o n i c s 
o f t h e 9 , 9 6 0 H z c o m p o n e n t i n t h e r a d i a t e d s i g n a l 
s h a l l n o t e x c e e d t h e f o l l o w i n g l e v e l s r e f e r r e d t o 
t h e l e v e l o f 9 , 9 6 0 H z s i d e b a n d : 

Subcarrier Level 

9 , 9 6 0 H z 0 d B r e f e r e n c e 
2 n d h a r m o n i c — 3 0 d B 
3 r d h a r m o n i c — 5 0 d B 
4 t h h a r m o n i c — 6 0 d B 
3 . 4 . 2 3 0 H z A m p l i t u d e M o d u l a t i o n . T h e 

o t h e r s i g n a l c o m p o n e n t s h a l l b e 3 0 H z a m p l i t u d e 
m o d u l a t i o n a s f o l l o w s : 

a . F o r t h e c o n v e n t i o n a l V O R , t h i s c o m p o n e n t 
r e s u l t s f r o m a r o t a t i n g f i e l d p a t t e r n , t h e p h a s e 
o f w h i c h v a r i e s w i t h a z i m u t h , a n d i s t e r m e d t h e 
" v a r i a b l e p h a s e " . 

b . F o r t h e D o p p l e r V O R , t h i s c o m p o n e n t , o f 
c o n s t a n t p h a s e w i t h r e l a t i o n t o a z i m u t h a n d 
c o n s t a n t a m p l i t u d e , i s r a d i a t e d o m n i d i r e c t i o n ­
a l l y a n d i s t e r m e d t h e " r e f e r e n c e d p h a s e " . 

3 .4 .2 .1 A m p l i t u d e M o d u l a t i o n F r e q u e n c y a n d 

A c c u r a c y . T h e m o d u l a t i o n f r e q u e n c y s h a l l b e 
3 0 H z w i t h i n ± 1 . 0 p e r c e n t . 

3 . 4 . 3 D e p t h of R e f e r e n c e a n d V a r i a b l e P h a s e 

M o d u l a t i o n s . T h e d e p t h o f m o d u l a t i o n o f t h e 
r a d i o f r e q u e n c y c a r r i e r d u e t o t h e 3 0 H z o r 
9 , 9 6 0 H z s i g n a l s , s h a l l f o r e a c h s i g n a l , b e w i t h i n 
t h e l i m i t s o f ( a ) 2 8 t o 3 2 p e r c e n t a t a l l e l e v a t i o n 
a n g l e s f r o m 0 t o 5 d e g r e e s a b o v e h o r i z o n ; a n d 

( b ) 2 5 t o 3 5 p e r c e n t a t a l l e l e v a t i o n a n g l e s b e ­
t w e e n 5 a n d 6 0 d e g r e e s a b o v e t h e h o r i z o n . 

3 . 4 . 4 P h a s e R e l a t i o n s h i p s o f R e f e r e n c e a n d 

V a r i a b l e P h a s e S i g n a l s . T h e r e f e r e n c e a n d 

v a r i a b l e p h a s e m o d u l a t i o n s s h a l l b e i n p h a s e 
a l o n g t h e r a d i a l c o r r e s p o n d i n g t o m a g n e t i c 
n o r t h . T h e r e f e r e n c e a n d v a r i a b l e p h a s e m o d u ­
l a t i o n s a r e i n p h a s e w h e n t h e m a x i m u m v a l u e 
o f t h e s u m o f t h e r a d i o f r e q u e n c y c a r r i e r a n d 
t h e s i d e b a n d e n e r g y d u e t o t h e a m p l i t u d e m o d u ­
l a t i o n s i g n a l o c c u r s a t t h e s a m e t i m e a s t h e 
h i g h e s t i n s t a n t a n e o u s f r e q u e n c y o f t h e f r e q u e n c y 
m o d u l a t i o n s i g n a l . 

3 .4 .5 R a d i a l S i g n a l C h a r a c t e r i s t i c s . C o v e r a g e , 
c o u r s e a l i g n m e n t a n d s t r u c t u r e c h a r a c t e r i s t i c s a r e 
p e r i o d i c a l l y e x a m i n e d t h r o u g h f l i g h t i n s p e c t i o n 

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

3 .4 .5 .1 G r o u n d T e s t M e a s u r e m e n t . W h e n a 
g r o u n d t e s t i s m a d e i n t h e n e a r f i e l d o f t h e a n ­
t e n n a f o r p u r p o s e s o f v e r i f y i n g t h e r a d i a l s i g n a l 
a l i g n m e n t a c c u r a c y , t h e m e a s u r e m e n t s h a l l b e 
m a d e a t n o t l e s s t h a n 8 p o i n t s , e a c h o f w h i c h a r e 
i n t h e h o r i z o n t a l p l a n e a n d a t e q u a l a n g u l a r 
i n c r e m e n t s a s r e f e r e n c e d t o t h e c e n t e r o f t h e 
a n t e n n a a r r a y . T h e r e q u i r e m e n t s o f t h e f o l l o w ­
i n g s u b p a r a g r a p h s h a l l a p p l y . 

NOTE : D u e to measurement limitations, the align­
ment e r r o r for D o p p l e r V O R shall not be determined 
through ground test. 

3 .4 .5 .1 .1 G r o u n d T e s t T o l e r a n c e s . T h e g r o u n d 
c o m p o n e n t s h a l l m e e t t h e f o l l o w i n g t o l e r a n c e s 
w h e n r a d i a l s i g n a l a l i g n m e n t a c c u r a c y i s v e r i f i e d 
b y g r o u n d t e s t s . 

a . M o n i t o r a z i m u t h i n d i c a t i o n w i t h i n a 1 5 
m i n u t e p e r i o d s h a l l n o t v a r y m o r e t h a n 0 . 3 
d e g r e e ; 

b . G r o u n d t e s t e r r o r c u r v e s s h a l l n o t d e v i a t e 
i n e x c e s s o f ± 1 . 0 d e g r e e f r o m t h e r e f e r e n c e 
g r o u n d t e s t e r r o r c u r v e . T h e r e f e r e n c e g r o u n d 
t e s t e r r o r c u r v e i s t h e a v e r a g e o f t h r e e s u c c e s s i v e 

e r r o r c u r v e s t a k e n i m m e d i a t e l y f o l l o w i n g a b a s i c 
a l t i t u d e f l i g h t i n s p e c t i o n . T h e s e c u r v e s s h a l l n o t 
v a r y m o r e t h a n 0 . 3 d e g r e e f r o m e a c h o t h e r ; 

c . T h e m a x i m u m e r r o r s p r e a d o f u n y g r o u n d 
t e s t e r r o r c u r v e s h a l l n o t e x c e e d 2 . 0 d e g r e e s ; a n d 

d . T h e g r o u n d t e s t e r r o r c u r v e s f o r e a c h o f 
d u a l e q u i p m e n t s s h a l l n o t d e v i a t e f r o m e a c h 
o t h e r b y m o r e t h a n 1 . 0 d e g r e e . 
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3.5 Code Identification Signal Characteristics. 

The characteristics o f the Code identification 

signal shall con fo rm to the fo l lowing . 

3.5.1 Tone Modulation Frequency and Accu­
racy. The modulat ion frequency shall be 1,020 
H z ± 5 0 H z . 

3.5.2 Depth of Modulation. T h e depth to 
which the radio frequency carrier is modulated 
by the C o d e identification signal shal l : 

a. Normally be 5 . 0 ± 1 percent at components 
where voice services are provided but shall not 
exceed 8.0 percent; and 

b. B e close to but not in excess o f 10 percent 
at components where voice services are not pro­
vided. 

3.6 Voice Identification and Communications 
Signal Characteristics. 

T h e characteristics o f voice identification and 
voice communications signals, when provided, 
shall conform to the fo l lowing . 

3.6.1 Voice Channel Frequency Response. 
Throughout the frequency range from 300 to 
2,500 H z , the frequency res]K>nse characteristics 
for the voice channel shall be w i t h m 3 d B o f 
response at 1,000 H z . 

3.6.2 Depth of Modulation. T h e depth to 
which the radio frequency carrier is modulated 
by voice signals shall not be greater than 30 
percent. 

3.7 Monitoring. 

Continuous moni tor ing o f the ground compo­
nent shall be provided which causes the radiation 
o f azimuth and identification signals to cease 
and a warning to be indicated at a control point 
when any one or a combinat ion o f the fo l lowing ' 
fault condi t ions are sensed by the mon i to r : 

a. T h e bearing o f the azimuth signal at the 
monitored radial changes by ± 1 . 0 degree and all 
greater deviations from the normal value. 

b. The radio frequency signal voltage level at 
the monitored radial o f either the subcarrier or 
30 H z amplitude modulat ion signal components , 
or both, are reduced by 15 percent and all greater 
reductions f rom the normal value. 

c. The 1,020 H z Code identification tone signal 
is absent. 
The faults o f ( a ) and ( b ) may persist for a 
period not to extend 15 seconds before radiation 

is interrupted. T h e fault o f ( c ) may persist for 
an additional interval not to exceed 30 seconds 
before radiation is interrupted. 

3.7.1 Monitor Failure. W h e n the continuity 
o f signal radiation is under the control o f moni­
tor equipment, the absence o f either moni tor 
operat ing power o r the monitored signals at the 
fault sensing circuits o f the moni tor shall auto­
matically cause radiation o f the signals to cease 
and result in a warning indication at a control 
point. 

NOTE : A high degree of fa l l -safe monitoring Is 
provided. H o w e v e r , completely fa i l - safe monitoring 
IH not possible. 

4 . OPERATIONAL CHARACTERISTICS FOR VOR 
AIRBORNE COMPONENTS. 

Paragraphs hereunder specify in-use functional 
capabil i ty and performance characteristics re­
quired o f V O R airborne components . The term 
"component" , as used herein, includes the com­
plete aircraft installation o f all items, such as 
the antenna and its transmission line, the re­
ceiver, electrical power s o u r c e ( s ) , identification 
and voice communicat ions signal reproduction 
devices, and selector and display instrumentation 
devices fo r bearing and course indication, which 
are necessary to provide the required functions 
and performance. 

A l l requirements apply to airborne components 
used in the performance o f aircraft operations 
under I F R , F o r other aircraft operations the 
requirements are limited to those o f this para­
graph and 4.6. Components shall be capable o f 
per forming as specified throughout the adver­
tised operational service volume o f ground facili­
ties in which use is intended and under all 
expected aircraft and airborne component oper­
at ing condi t ions. T h e requirements shall be met 
under condi t ions in which the performance char­
acteristics o f ground components are in accord­
ance with Sections 2 and 3 o f this Standard. 

4.1 Receiver Radio Frequencies. 

F o r each channel in use, the center radio fre­
quency o f the receiver shall be the corresponding 
ground component frequency listed in Table A . 

4.2 Sensitivity to VOR Signals. 

Based on the signal power densities o f 3.3, the 
airborne component shall p rovide sensitivity as 
necessary for the display o f navigation informa-
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tion to the accuracy specified and for clear and 
distinct reproduction o f communicat ion and iden­
tification signals. 

4 . 3 Re jec t ion of U n d e s l r e d S i g n a l s . 

T h e airborne component shall provide unde-
sired signal rejection characteristics adequate to 
assure the specified performance. F o r co-channel 
and adjacent-channel signals, this requirement 
shall be met when the respective signals provide 
nndesired to desired signal ratios up to the maxi­
mum values stated in 2.1.1.6.1. 

4 . 4 Fac i l i ty Ident i f icat ion a n d V o i c e S i g n a l s . 

The airborne component shall provide the pilot 
with an intelligible and unambiguous signal 
which permits positive identification o f the 
ground component from which navigation infor­
mation is displayed. 

The reproduction and aural level o f voice sig­
nals shall be adequate to preserve and clearly 
convey to the pilot the intelligence transmitted 
by ground components. 

4 . 5 B e a r i n g a n d C o u r s e D e v i a t i o n I n f o r m a t i o n . 

The airborne component shall p rovide devices 
for unambiguous determination o f the aircraft 
magnetic bearing with respect to each selected 
ground component and for display o f the air­
craft deviation from the selected course. 

4 .5 .1 C o u r s e D e v i a t i o n I n d i c a t o r D e v i c e s . The 

response, readability and resolution o f course 
deviation indicator devices shall be such as to 
permit the pilot to determine the direction and 
extent o f the aircraft deviation f rom the selected 
course. 

4 . 5 . 2 W a r n i n g F u n c t i o n . T h e airborne com­

ponent shall p rovide a warning indication which 
is clearly evident to the pilot whenever azimuth 
signals necessary for the prescribed performance 
are not present. 

4 . 5 . 3 A c c u r a c y of B e a r i n g a n d C o u r s e D e v i a ­

t ion I n f o r m a t i o n . The total airborne component 
error in bearing and course deviation informa­
tion, as displayed to the pilot, shall not at any 
bearing exceed ± 3 . 0 degrees ( 9 5 % probab i l i ty ) . 

4 . 6 R a d i a t i o n . 

Radiation from airborne components shall not 
result in derogation o f operational use o f this 
system to other users or in the derogat ion o f 
other aeronautical services. 

5 . OPERATIONAL CHARACTERISTICS FOR TACAN 
AND DME GROUND COMPONENTS. 

T h e subparagraphs hereto identify standard 
signal and performance characteristics for 
T A C A N and D M E ground components o f the 
system. These characteristics represent the per­
formance which shnll normally be provided by 
each component suhjeot- to limitations as noted 
under 2.1.1.2.2 and 2.1.1.6. Excep t where a des­
ignation o f either T A C A N or D M E is used, thus 
denot ing that a requirement applies only to the 
designated component , requirements apply to 
both T A C A N and D M E components. 

5.1 Polarization. 

The ground component antenna shall radiate 
and receive vertically polarized signals. T A C A N 
azimuth error in airborne components due to the 
horizontally polarized component o f the radiated 
signal will not exceed ± 2 . 0 degrees at aircraft 
attitudes encountered in normal operational use 
o f the system. 

5 .2 Transponder Response to Interrogation Sig­
nals. 

The response o f the transponder to interroga­
tion signals shall conform to the requirements o f 
the fo l lowing paragraphs. 

N O T E : T h e presence at the ground component 
antenna of C W signals within n frequency band of 
± 3 . 0 M H z with respect to the interrogation fre­
quency In use and which have a signal p o w e r 
density of —113 d l i w / m ' and al l h igher values wi l l 
normal ly derogate the performance of the compo­
nent and the system. 

5.2.1 Interrogation Radio Frequency. The re­
ceiver center frequency shall be the interrogation 
frequency f rom Table A appropriate to the as­
signed operat ing channel. 

5 . 2 . 2 Sensitivity to Interrogation Signals. 

Transponder sensitivity shall be measured in 
terms o f a t r igger ing level which is defined as 
the peak pulse power level o f the weakest inter­
rogation signal measured at the input o f the 
receiver which will cause the transponder to re­
ply with a specified reply efficiency. F o r a reply 
efficiency o f 70 percent, the sensitivity shall con­
form to the fo l lowing . 

N O T E : G r o u n d components may not respond to 
Interrogations as specified If the difference In level 
of the constituent pulses of Interrogation pulse 
pa irs Is grea ter than 1 d B . 
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5.2 .2 .1 On-Channel Sensitivity. F o r interroga­
tion signals within ± 1 0 0 k H z o f the assigned 
channel frequency, which have a repetition rate 
not higher than 200 pulse pairs per second and 
which have spacings o f the constituent pulses o f 
a pair equal to the design center value fo r the 
channel in use, the sensitivity o f the ground 
component shall be not less than —122 d B w 
( — 101 d B w / m 2 ) as referenced to a lossless 
isotropic radiator. 

5.2 .2 .1 .1 Sensitivity at Other Pulse Spacings. 
Under condit ions in which the spacing o f the 
constituent pulses o f interrogation pulse pairs 
vary f rom the design center value fo r the channel 
in use by as much as ± 0 . 5 microsecond, the 
sensitivity in the absence o f other interrogations 
shall not be reduced by more than 1 d B . 

5 .2 .2 .1 .2 Sensitivity Variation with Interroga­
tion Loading. The sensitivity shall not vary by 
more than 1 d B fo r interrogation loadings be­
tween 0 to 90 percent o f the maximum fo r which 
the component was designed. W h e n the inter­
rogation loading exceeds 90 percent o f the maxi­
mum design value, the sensitivity shall, for the 
duration o f such loading, be reduced the mini­
mum amount necessary to limit the reply pulse 
rate to the maximum design value. 

5 .2 .2 .2 Sensitivity to Adjacent Channel In­
terrogations. Interrogation signals 900 k H z re­
moved f rom the assigned channel interrogation 
frequency and having an ampli tude u p to 80 d B 
above the on-channel sensitivity o f the component 
shall not t r igger the transponder. 

5.2 .3 Transponder Dead Time. T h e trans­
ponder dead time immediately fo l lowing the de­
coding o f interrogation signal pulse pairs and 
during which the transponder wil l not respond to 
other interrogation signals shall normally be 60 
microseconds. However , dead time may be in­
creased when necessary to satisfy system perform­
ance requirements. 

5.3 Transponder Output Signal Characteristics. 
The radio frequency output signals o f the 

transponder shall con fo rm to the fo l lowing . 

5 . 3 . 1 . Transmitter Radio Frequency and Accu­
racy. The transponder shall transmit on the re­
ply frequency o f Table A appropriate to the 
assigned channel. The radio frequency o f oper­
ation shall not vary more than ± 0 . 0 0 2 percent 
from the assigned frequency. 

5 . 3 . 2 Radiated Power Level. T h e effective 
radiated power level at the peak o f the R F pulse 
envelope shall not be less than that necessary to 
provide a signal power density o f —86 d B w / m 2 

at the min imum service altitude at the maximum 
service radius. F o r T A C A N , the power level is 
the average value o f the levels produced dur ing 
an integral number o f revolutions o f the antenna 
pattern. 

N O T E : At 1200 MHz, the value of -86 dBw/m* 
corresponds to —108.5 dBw In an Isotropic antenna. 

A t the nearest aircraft position expected dur ing 
flight, the max imum signal power density avail­
able to aircraft wil l be o f the order o f —17 
d B w / m 2 . 

5 . 3 . 3 Radio Frequency Signal Spectrum. T h e 
spectrum o f the pulse modulated signal shall be 
such that dur ing the pulse the effective radiated 
power contained in a 0.5 M H z band centered on 
frequencies 0.8 M H z above and 0.8 M H z below 
the nominal channel frequency in each case shall 
not exceed 200 mill iwatts, and the effective 
radiated power contained in a 0.5 M H z band 
centered on frequencies 2.0 M H z above and 2.0 
M H z below the nominal channel frequency shall 
not exceed 2.0 milliwatts. A n y lobe o f the 
spectrum shall be o f less ampli tude than the ad­
jacent lobe nearer the nominal channel frequency. 

5 .3 .4 Spurious Radiation. Dur ing the interval 
between transmission o f pulse pairs the power 
level o f signals radiated by the ground com­
ponent on any interrogation or reply frequency 
shall not exceed a level which is 50 d B below the 
maximum level dur ing the pulses. 

5 . 3 . 5 Pulse Shape. THE FOLLOWING SHALL APPLY 
TO ALL RADIATED PULSES. 

5 .3 .5 .1 Pulse Rise Time. The time required 
for the leading edge o f the pulse to rise from 10 
to 90 percent o f its max imum voltage amplitude 
shall be nominal ly 2.5 microseconds, but shall not 
exceed 3.0 microsenconds. T h e minimum rise 
t ime is govered by the spectrum requirements o f 
5.3.3. 

5 .3 .5 .2 Pulse Top. T h e instantaneous ampli­
tude o f the pulse shall not, at any instant between 
the point on the leading edge which is 95 percent 
o f the maximum voltage ampli tude and the point 
on the trailing edge which is 95 percent o f the 
maximum voltage ampli tude, fall below a value 
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which is 95 percent o f the maximum voltage 
ampli tude o f the pulse. 

5 . 3 . 5 . 3 P u l s e D u r a t i o n . T h e pulse duration, 

as measured at the 50 percent maximum voltage 
ampli tude points on the leading and trai l ing edge 
o f the pulse, shall be 3.5 ± 0.5 microseconds. 

5 .3 .5 .4 P u l s e D e c a y T i m e . T h e time required 

for the trailing edge o f the pulse to decay f rom 
90 to 10 percent o f the maximum voltage ampli­
tude shall nominally be 2.5 microseconds, but shall 
not exceed 3.0 microseconds. T h e min imum decay 
time is governed by the spectrum requirements o f 
5.3.3. 

5 .3 .6 P u l s e C o d i n g . Transponder output 

signals shall consist o f paired pulses. T h e spac­
ing o f the constituent pulses o f each pulse pair, 
as measured between the 50 percent maximum 
vol tage amplitude points on the leading edge o f 
each R F pulse, shall b e : 

a . 12 .0±0.25 microseconds fo r channel num­
bers ending in the suffix " X " ; o r 

b . 30 .0±0.25 microseconds fo r channel num­
bers ending in the suffix " Y " . 

5 .3 .7 P u l s e P o w e r V a r i a t i o n . T h e peak power 

o f the constituent pulses o f any pair shall not 
differ by more than 1 d B . 

5.3 .8 D i s t a n c e R e p l y S i g n a l s . Distance reply 

signals shall consist o f pulse pairs which, in ac­
cordance with the fo l lowing , are transmitted in 
response to interrogations. 

5.3 .8 .1 R e p l y Ef f ic iency. R e p l y efficiency is de­

fined as the percentage o f interrogations to which 
the transponder replies under specified load con­
ditions. Excep t when limited by receiver dead 
time, the reply efficiency fo r interrogation signals 
at and above the min imum sensitivity levels o f 
5.2.2 shall be at least 70 percent fo r all values o f 
interrogation loading u p to the maximum fo r 
which the transponder is designed. 

5 . 3 . 8 . 2 R e p l y D e l a y T i m e . R e p l y delay time 

is defined as the time in microseconds o f all delay 
introduced by the transponder component in 
transmitting a pair o f reply pulses in response to 
an interrogation signal. W h e n airborne com­
ponents are to indicate distance with respect to 
the transponder site, the zero-distance reply de­
lay t ime shall be 50.0 microseconds as measured 
between the 50 percent vol tage point on the 
leading edge o f the second constituent R F pulse 

o f the interrogation pulse pair and the cor­
responding point on the second constituent R F 
pulse o f the reply pulse pair. W h e n airborne 
components are to indicate distance to a point 
which is remote from the transponder site, the 
50.0 miscrosecond time delay shall be reduced by 
a value corresponding to the off-set distance. 

N O T E : A S referenced to the first constituent R F 
pulse of Interrogation and reply pulse pairs , reply 
de lay times of ( a ) 50.0 microseconds for " X " chan­
nels and ( b ) 50.0 microseconds for " Y " channels a r e 
considered to be equivalent to the 50.0 microsecond 
va lue stated above for t iming referenced to the 
second pulse of the respective pairs . 

5 .3 .9 Random Pulse Pair Signals. In addition 
to distance reply pulse pairs, the ground com­
ponent shall radiate randomly occurr ing pulse 
pairs in a quantity as necessary to maintain a 
total pulse pair rate in accordance with the 
fo l lowing . 

5 .3 .9 .1 DME Components. F o r ground com­
ponents p rov id ing D M E service only , the total 
pulse pair rate, exclusive o f Code identification 
signal pulses, shall be o f a value between the 
limits o f 700 to 2850 pulse pairs per second. 

5 .3 .9 .2 TACAN Components. F o r T A C A N 
ground components , the total pulse pair rate, ex­
clusive o f Code identification signal and refer­
ence burst pulses, shall be 2 7 0 0 ± 9 0 pulse pairs 
per second. F o r a transponder dead time o f 60 
microseconds, the distribution o f random pulse 
pairs shall con fo rm to Figure 1. 

5 . 3 . 1 0 Distance Accuracy. Exclusive o f reply 
delay t ime errors resulting f rom variation in the 
level o f interrogation signals, the ground com­
ponent shall not contribute more than ± 0 . 2 5 
microsecond to overall system error. 

5 .3 .11 Code Identification Signal Character­
istics. Subject to the provisions o f 5.3.11.1, Code 
identification signals shall consist o f groups o f 
t w o pulse pairs transmitted for the duration o f 
dots and dashes in accordance with 2.1.1.7.1. The 
spacing between the first and second pulse pairs 
consti tuting each pulse g r o u p , as measured be­
tween the 50 percent voltage ampli tude points 
on the leading edge o f the first pulse o f each 
pair , shall be 1 0 0 ± 10 microseconds. The 
repetition rate shall conform to the fo l lowing. 

5 .3 .11 .1 DME Components . F o r ground com­
ponents p rov id ing D M E service only , the identi-
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fication signal may consist o f groups o f either one 
or two pulse pairs. T h e repetition rate shall be 
1 3 5 0 ± 1 0 groups per second. 

5 .3 .11 .2 TACAN Components . F o r T A C A N 
ground components , the repetition rate shall be 
1350±0.23 percent groups per second which are 
phaee-locked within ± 5 0 . 0 microseconds o f the 
tenth harmonic o f the 135 H z reference bearing 
signal. The first pulse o f each identification 
signal pulse g roup shall occur 7 4 0 ± 5 0 micro­
seconds after the first pulse o f each 40 degree 
sector reference signal. 

5 . 3 . 1 2 TACAN Azimuth Signal Characteristics. 
T A C A N azimuth signals consist o f north (ma in ) 
and 40 degree sector (auxi l iary) bearing refer­
ence signals and 15 H z (coarse) and 135 H z (fine) 
variable bearing signals. The azimuth signals 
radiated b y the antenna shall con fo rm to the 
fol lowing. 

5 .3 .12 .1 Bearing Reference Signals. Transmis­
sion o f the north and 40 degree sector reference 
signals shall occur synchronously with antenna 
pattern rotation. F o r each consecutive complete 
rotation o f the antenna pattern, one north refer­
ence signal shall be transmitted and fo l lowed at 
each o f eight consecutive angular increments o f 
40 degrees by the transmission o f a 40 degree sec­
tor reference signal. A ninth 40 degree sector 
reference signal, which otherwise would coincide 
in time with the north reference signal, shall not 
be transmitted. T h e characteristics o f reference 
signals, shall be as fo l lows. 

5 .3 .12 .1 .1 North Reference Signal. T h e north 
reference signal shall consist o f : 

a. a g roup o f 12 pulse pairs having a spacing 
o f the constituent pulses o f a pair in accordance 
with 5.3.6 ( a ) and a pulse pair spacing, as meas­
ured between the 50 percent voltage ampli tude 
points on the leading edge o f the first pulse o f 
each pair , o f 30.()±().3 microseconds fo r channel 
numbers ending in the suffix " X " ; o r 

b. a g roup o f 13 single pulses having a spacing, 
as measured between the 50 percent voltage 
amplitude points on the leading edge o f con­
secutive pulses, o f 3 0 . 0 ± 0 , 3 microseconds for 
channel numbers ending in the suffix " ' Y " . 

5 .3 .12 .1 .2 4 0 Degree Sector Reference Signal. 
T h e 40 degree sector reference signal shall con­
sist o f : 

a . a g roup o f 6 pulse pairs having a spacing 
o f the constituent pulses o f a pair in accordance 
with 5.3.6 ( a ) and a pulse pair spacing, as meas­
ured between the 50 percent amplitude points on 
the leading edge o f the first pulse o f each pair, 
o f 24 .0±0 .25 microseconds for channel numbers 
ending in the suffix " X 1 1 ; o r 

b. a g r o u p o f 13 single pulses having a spacing, 
as measured between the 50 percent voltage 
ampli tude points on the leading edge o f consecu­
tive pulses, o f 15 .0±0.25 miscroseconds for 
channel numbers ending in the suffix " Y " . 

5 . 3 . 1 2 . 2 • V a r i a b l e B e a r i n g S i g n a l s . The 

variable bearing signals shall be a rotating direc­
tional antenna pattern which produces a com­
posite ampli tude modulat ion o f the transponder 
radio frequency pulse signals at 15 and 135 H z . 
The characteristics o f the variable bearing 
signals shall be as fol lows. 

5 .3 .12 .2 .1 A m p l i t u d e M o d u l a t i o n F r e q u e n c i e s 

a n d A c c u r a c y . T h e ampli tude modulation fre­
quencies shall nominal ly be 15.0 and 135.0 H z . 
Each frequency shall vary from the nominal 
value in exact synchronism with the antenna 
pattern rotation rate. 

5 . 3 . 1 2 . 2 . 1 . 1 . A n t e n n a Pat tern Rotat ion R a t e . 

The antenna radiation pattern shall rotate in 
a clockwise direction as viewed f rom above at a 
rate o f 15.0 revolutions per second ± 0 . 2 3 
percent. 

5 . 3 . 1 2 . 2 . 2 D e p t h o f M o d u l a t i o n . Wi th in the 

vertical angle f rom 0 to 40 degrees above the 
horizon, the normal range o f 15 and 135 H z 
modulat ion depths produced by the antenna will 
be 21 ± 9 percent fo r each frequency with a sum 
for both frequencies equal to or less than 55 per­
cent. A t elevation angles between 40 and 50 de­
grees above the hor izon, 15 H z modulation depths 
will be within the range from 7 to 35 percent 
and 135 H z modulat ion depths will be within the 
range f rom 7 to 45 percent. However , the sum o f 
depths fo r both frequencies wil l not exceed 65 
percent. 

5 . 3 . 1 2 . 2 . 3 H a r m o n i c C o n t e n t . A t all angles 

f rom 0 to 45 degrees above the ho r i zon : 

a . the root-sum-square o f the second through 
the seventh harmonics o f the 15 H z signal com­
ponent will not exceed 30 percent o f the 15 H z 
modulat ion coefficient; and 
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b. the root-sum-square o f the second through 
the fourth harmonics o f the 135 H z signal com­
ponent will not exceed 20 percent o f the 135 H z 
modulat ion coefficient. 

5 . 3 . 1 2 . 3 R e l a t i o n s h i p s of R e f e r e n c e a n d 

V a r i a b l e B e a r i n g S i g n a l s . O n the magnetic north 

radial f rom the antenna, the relationships o f the 
reference and variable bearing signals shall con­
form to the requirements o f the subparagraphs 
hereto. 

5 .3 .12 .3 .1 C o a r s e B e a r i n g S i g n a l . T h e nega­

tive slope point o f inflection o f the 15 H z ampli­
tude modulat ion component shall coincide within 
± 2 . 0 azimuth degrees o f : 

a . the tenth pulse o f the north reference 
signals for channels ending in the suffix " X " ; o r 

b. the sixth pulse o f the north reference signal 
for channels ending in the suffix " Y " . 

5 . 3 . 1 2 . 3 . 2 F i n e B e a r i n g S i g n a l . T h e negative 

slope point o f inflection o f the 135 H z amplitude 
modulat ion component shall coincide within 
± 0 . 3 3 azimuth degrees o f the average posit ion o f : 

a . the twelfth pulse o f the 40 degree reference 
signal for channels ending In the suffix " X " ; or 

b. the eleventh pulse o f the 40 degree reference 
signal for channels ending in the suffix " Y " . 

5 . 3 . 1 2 . 4 R a d i a l S i g n a l C h a r a c t e r i s t i c s . Cover­

age, course alignment and structure character­
istics are per iodicaly examined through flight in­
spection to ascertain that radial signals confo rm 
to standards prescribed fo r the intended opera­
tional usage. Howeve r , no component is com­
missioned for unrestricted use unless radial signal 
errors are within prescribed limits. 

5 . 3 . 1 3 P r e c e d e n c e of P u l s e T r a n s m i s s i o n s . 

The order o f precedence for transmission o f 
transponder pulse signals shall be in accordance 
with the fo l lowing. 

5 .3 .13 .1 D M E C o m p o n e n t s . F o r ground com­

ponents p rov id ing D M E service on ly , the 
precedence shall b e : 

1. Code Identification Signals ; 
2. Distance Rep ly S igna l s ; and 
3. R a n d o m Pulse Pai r Signals. 

Neither distance reply nor random pulse pair 
signals shall be transmitted dur ing the "key-
d o w n " interval o f Code identification signal 
transmissions. 

5 .3 .13 .2 T A C A N C o m p o n e n t s . F o r T A C A N 

components , the precedence shall b e : 

1. Bear ing Reference S igna l s ; 
2. C o d e Identification S igna l s ; 
3. Distance Reply Signals ; and 
4. Random Pulse Pa i r S igna la 

Neither C o d e identification, distance reply, nor 
random pulse pair signals shall be transmitted 
dur ing the interval required for transmission o f 
all pulses in each bearing reference signal. Dis­
tance reply and random pulse pair signals shall 
not bet ransmitted dur ing the "key-down" inter­
val o f Code identification signal transmission. 

5.4 M o n i t o r i n g . 

Continuous monitor ing o f the ground compo­
nent shall be provided which causes the radiation 
o f transponder output signals to cease and a 
warning to be indicated at a control point when 
any one o r a combination o f the fault conditions 
identified in the subparagraphs hereto are sensed 
by the monitor. 

5.4.1 D M E a n d T A C A N C o m p o n e n t s . F o r 

D M E and T A C A N components , a fault condit ion 
shall exist when : 

a . T h e reply efficiency o f the transponder to 
moni tor interrogation signals at the minimum 
sensitivity level o f 5.2.2.1 is less than 60 percent. 

b. The reply delay time o f the transponder to 
moni tor interrogation signals differs from the 
assigned value by ± 1 . 0 microsecond and all 
greater values, 

c . T h e spacing o f the constituent pulses o f 
transponder output signal pulse pairs differs from 
the design center value o f 5.3.6 by 1.0 micro­
second and all greater values. 

d . The radiated power level o f transponder 
output signals decreases from the normal level by 
3 d B and all greater reductions. 

e . The Code identification signal o f 2.1.1.7 
( 1 ) I s transmitted as a continuous tone (i.e., 

signals not in the form o f dots o r dashes) for 
a period o f 5 seconds or m o r e ; o r 

( 2 ) I s not repeated within a nominal period 
o f 75 seconds from the last transmission. 

T h e faults o f ( a ) through ( e - 1 ) may persist for 
a period not to exceed 8 seconds before radiation 
is interrupted. F o r fault ( e - 2 ) , radiation shall 
be interrupted upon expiration o f the 75 second 
period. 
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NOTE: W h e n radiat ion of s ignals commences, 
monitor action to Interrupt radiat ion in the event 
of a faul t may be de layed for approx imate ly 40 
seconds f r o m the time radiat ion begins. 

5 .4 .2 T A C A N C o m p o n e n t s . In addit ion to the 

condit ions o f 5.4.1, a fault condit ion shall exist 
w h e n : 

a . The sum o f distance reply and randomly 
occurr ing pulse pairs deviates f rom the design 
center value o f 5.3.9.2 by more than ± 1 5 0 pulse 
pairs per second. 

b. The number o f pulse pairs in either the 
north o r 40 degree reference signals, o r both, are 
one o r more pairs less than the number respec­
tively specified in paragraphs 5.3.12.1.1 and 
5.3.12.1.2. 

e. T h e fine bearing signals at the moni tored 
radial changes by ± 1 . 0 degree and all greater 
deviations f rom the correct value, 

d . The antenna pattern rotation rate differs 
f rom the design center value o f 5.3.12.2.1.1 by a 
value greater than ± 0 . 2 3 percent. 
T h e faults o f ( a ) , ( b ) and ( c ) may persist for a 
period not to exceed 8 seconds before radiation is 
interrupted. Faul t ( d ) may persist for not more 
than 20 seconds before radiation is interrupted. 

NOTE : W h e n radiat ion of s ignals commences, 
monitor action to interrupt radiat ion in the event 
of a faul t may be delayed for approx imate ly 40 sec­
onds f r o m the time radiat ion begins. 

N O T E : A f t e r the monitor has sensed one o r more 
of the above faults , radiat ion m a y b e restored to 
provide only distance and identification signals. 

5 .4 .3 M o n i t o r F a i l u r e . W h e n the continuity 

o f signal radiation is under the control o f moni tor 
equipment the absence o f either moni tor operat­
ing power or the monitored signals at the fault-
sensing circuits o f the moni tor shall automatically 
cause radiation o f the signals to cease and result 
in a warning indication at a control point. 

N O T E : A high degree of fai l -safe monitoring is 
provided. H o w e v e r , completely fal l -snfe monitoring 
is not possible. 

6 . O P E R A T I O N A L C H A R A C T E R I S T I C S F O R T A C A N 

A N D D M E A I R B O R N E C O M P O N E N T S . 

Paragraphs hereunder specify in-use functional 
capabil i ty and performance characteristics re­
quired o f D M E and T A C A N airborne compo­
nents. The term "componen t" as used herein, in­
cludes the complete aircraft installation o f all 
items, such as the antenna and its transmission 

line, the interrogator-receiver, electrical power 
s o u r c e ( s ) , identification signal reproduction o r 
display devices, distance indicator and, when ap­
plicable, selector and display instrumentation de­
vices fo r bearing and course indication, which are 
necessary to provide the required functions and 
performance. 

Al l requirements app ly to airborne components 
used in the performance o f aircraft operations 
under I F R . F o r other aircraft operations the re­
quirements are l imited to those o f this paragraph 
and paragraphs 6.1.4, 6.1.4.1 and 6.1.7. E x c e p t 
where a designation o f either D M E or T A C A N 
is used, thus denot ing that the requirement ap­
plies only to the designated component , require­
ments app ly to both D M E and T A C A N com­
ponents. Components shall be capable o f 
per forming as specified throughout the advertised 
operational service volume o f ground facilities in 
which use is intended and under all expected air­
craft and airborne component operat ing condi­
tions. The requirements shall be met under 
condit ions in which the performance character­
istics o f g round components are in accordance 
with Sections 2 and 5 o f this Standard. 

6.1 In te r rogator S i g n a l C h a r a c t e r i s t i c s . 

T h e subparagraphs hereto identify interroga­
tion signal characteristics and tolerances there­
for which are applicable to the radiated radio 
frequency signal. 

6.1 .1 In te r roga t ion R a d i o F r e q u e n c i e s a n d 

A c c u r a c y . T h e interrogator Bhal! transmit in­
terrogation signals on the frequency appropriate 
to the channel in use. F o r each channel in use, 
the center radio frequency o f the interrogation 
signal shall be within ± 1 0 0 k H z o f the channel 
interrogation frequency listed in Table A . 

6 . 1 . 2 P u l s e S h a p e . The radio frequency pulse 
envelope shall have a shape as fo l lows. 

6.1 .2 .1 P u l s e R i s e T i m e . The time required 

for the leading edge o f the pulse to rise from 10 
to 90 percent o f its maximum voltage amplitude 
shall be nominal ly 2.5 microseconds, but shall 
not exceed 3.0 microseconds. T h e minimum rise 
t ime is governed by the spectrum requirements 
o f 6.1.6. 

6 . 1 . 2 . 2 P u l s e T o p . T h e instantaneous ampli­

tude o f the pulse shall not, at any instant between 
the point on the leading edge which is 95 percent 
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o f the maximum voltage ampli tude and the 
point on the trail ing edge which is 95 percent o f 
the maximum vol tage ampli tude, fall be low a 
value which is 95 percent o f the maximum volt­
age amplitude o f the pulse. 

6 . 1 . 2 . 3 Pulse Duration. T h e pulse duration, as 
measured at the 50 percent maximum voltage 
amplitude, points on the leading and trailing 
edges o f the pulse, shall be 3 .5±0 .5 micro­
seconds. 

6 .1 .2 .4 Pulse Decay Time. T h e t ime required 
for the trail ing edge o f the pulse to fall f rom 90 
to 10 percent o f the max imum voltage ampli tude 
shall nominal ly be 2.5 microseconds, but shall not 
exceed 3.5 microseconds. T h e minimum decay 
time is governed by the spectrum requirements 
o f 6.1.6. 

6 . 1 . 3 Pulse Coding. Interrogation signals 
shall consist o f paired puses. T h e spacing o f 
the constituent pulses o f each pulse pair, as meas­
ured between the 50 percent maximum voltage 
amplitude points on the leading edge o f each R F 
pulse, shall b e : 

a. 12 .0±0 .5 microseconds for channel numbers 
ending in the suffix " X " ; o r 

b. 36 .0±0 .5 microseconds for channel numbers 
ending in the suffix " Y " . 

6 .1 .4 Interrogation Signal Repetition Rate. 
The interrogator average pulse pair repetition 
rate shall not exceed 30 pairs o f pulses per second 
based on the assumption that at least 95 percent 
o f the time is occupied for tracking reply signals. 
The repetition rate may be increased dur ing 
search for replies, but the maximum repetition 
rate shall not exceed 150 pairs o f pulses per 
second. 

6 .1 .4 .1 Variation of Repetition Rate. T h e 
variation in time between successive pairs o f in­
terrogation pulses shall be sufficient to preclude 
the airborne component from locking on to dis­
tance reply pulses intended for another airborne 
component tuned to the same ground facil i ty, 
and to preclude capture o f the interrogations o f 
one interrogator within the ground component 
dead time caused by the interrogations o f other 
interrogators. 

6 . 1 . 5 . Radiated Power Level. The effective 
radiated power level at the peak o f the R F pulse 
envelope shall not be less than that necessary, 

under line o f sight condit ions, to provide a 
signal power density o f —101 d B w / m B ( 9 5 % 
probabi l i ty) at the ground component antenna. 
T h e design center effective radiated power level, 
as referenced to an isotropic radiator, shall not 
exceed a value o f + 3 3 d B w . 

N O T E : E I R P levels higher than + 3 3 d B w may 
Impair system performance. 

6 . 1 . 6 Radio Frequency Signal Spectrum. The 
spectrum o f the R F interrogation signal shall be 
such that at least 90 percent o f the energy in each 
pulse shall be w rithin a 0.5 M H z band centered 
on the nominal channel frequency. 

6 . 1 . 7 Spurious Radiation. A t all frequencies 
between 960 and 1215 M H z , the level o f radiated 
C W signals, as referenced to an isotropic radia­
tor, shall not exceed —60 d B w . Spurious radia­
tion f rom airborne components shall not result in 
derogat ion o f operational use o f this system to 
other users o r in the derogation o f other aero­
nautical services. 

6 . 2 Component Functional Capabilities and Per­
formances. 

T h e subparagraphs hereto identify functional 
and operational performance requirements ap­
plicable to the airborne component . 

6.2 .1 Receiver Radio Frequencies. F o r each 
channel in use, the center radio frequency o f the 
receiver shall be the corresponding ground com­
ponent reply frequency listed in Table A . 

6 . 2 . 2 Sensitivity to Ground Component 
Signals. Based on the signal power densitites o f 
5.3.2, the airborne component shall provide 
sensitivity as necessary fo r the acquisition and 
display o f navigation information to the accuracy 
specified and for clear and distinct reproduction 
o f identification signals. 

6 . 2 . 3 Refection o f Undesired Signals. The air­
borne component shall provide undesired signal 
rejection characteristics adequate to assure the 
specified performance. F o r co-channel and ad­
jacent-channel signals, this requirement shall be 
met when the respective signals provide unde­
sired to desired signal ratios up to the maximum 
values stated in 2.1.1.6.2. When the maximum 
range capabil i ty o f the airborne component is 
such as to permit receipt o f t w o co-channel 
signals within the frequency protected service 
volume o f a selected ground component , and 
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when one co-channel signal is 8 d B o r greater in 
amplitude than the other, the navigation infor­
mation provided shall be that o f the stronger 
signal and a positive identification signal shall 
be provided to identify the ground component 
from which navigational information is provided. 

6.2 .4 D i s t a n c e I n f o r m a t i o n . T h e airborne 

component shall function to measure and display 
the distance in nautical miles between the air­
craft and the selected ground component . 

6.2 .4 .1 W a r n i n g F u n c t i o n . The airborne com­

ponent shall provide an indacation which is 
clearly evident to the pi lot whenever the airborne 
component is either not tracking a distance reply 
signal o r is not in memory . 

6 .2 .4 .2 A c c u r a c y of D i s t a n c e I n f o r m a t i o n . 

When the airborne component error is combined 
by root-sum-square with a ground component 
error o f 0.1 N M , the total error in slant range 
distance information, as displayed to the pi lot , 
shall not (except dur ing m e m o r y ) exceed 
± 0 . 5 N M or 3 percent o f the actual distance, 
whichever is greater ( 9 5 % probab i l i ty ) . 

6 .2 .4 .3 M e m o r y F u n c t i o n . The airborne com­

ponent shall provide a memory function which 
upon loss o f a suitable reply signal whi le track­
ing, will cause continuation o f the display o f dis­
tance information fo r a period not to exceed 15 
seconds. The min imum distance memory shall 
he sufficient to cover the loss o f distance reply 

signals dur ing transmission o f the ground com­
ponent identification signal. T h e distance dis­
played dur ing memory shall be within the range 
between ± 1 . 0 N M o f the last indicated distance 
and ± 1 . 0 N M o f the distance indicated upon 
resumption o f the tracking function on the same 
signal. 

6 . 2 . 5 T A C A N B e a r i n g a n d C o u r s e D e v i a t i o n I n ­

f o r m a t i o n . T h e airborne component shall pro­
vide devices for unambiguous determination o f 
the aircraft magnet ic bearing with respect to each 
selected g round component and for display o f the 
aircraft deviation f rom the selected course. 

6 .2 .5 .1 C o u r s e D e v i a t i o n i n d i c a t o r D e v i c e s . The 

response, readability and resolution o f course de­
viation indicator devices shall be such as to per­
mit the pilot to determine the direction and ex­
tent o f the aircraft deviation f rom the selected 
course. 

6 . 2 . 5 . 2 W a r n i n g F u n c t i o n . The airborne com­

ponent shall p rovide a warning indication which 
is clearly evident t o the pilot whenever the 
azimuth signals necessary fo r tiie prescribed op ­
eration o f the component are not present and 
when the component is not operat ing in memory. 

6 . 2 . 5 . 3 A c c u r a c y of B e a r i n g a n d C o u r s e D e v i a ­

t ion I n f o r m a t i o n . The totnl airborne component 
error in bearing and course deviation informa­
tion, as displayed to the pilot , shall not at any 
bearing exceed ± 3 . 0 degrees ( 9 5 % probabi l i ty ) . 
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T A B L E A . — V O R - T A C A N - D M E C H A N N E L F R E Q U E N C I E S A N D P A I R I N G 

V H F D M E - T A C A N VHF D M E - T A C A N 

MHt Cban. No. Inter. Freq. 
MHz 

Reply Freq. 
MHi 

wtuui, r r G C j i 
MHt Chan. No. Inter. Froq. 

MHt 
Reply Freq. 

MHt 

I X 1025 962 109.15 I L S 28Y 1052 1115 
1Y 1025 1088 109.20 V O R 29X 1063 990 
2X 1026 963 109.26 V O R 29Y 1053 1116 
2 Y 1026 1089 100.30 I L S 30X 1064 991 
3X 1027 964 109.35 ILS 30 Y 1054 1117 
3 Y 1027 1090 109.40 V O R 31X 1055 992 
4X 1028 965 109.46 V O R 31Y 1065 1118 
4 Y 1028 1091 109.50 I L S 32X 1056 993 
5X 1029 966 109.66 I L S 32Y 1056 1119 
5Y 1029 1092 109,60 V O R 33X 1057 994 _ 6X 1030 967 109.65 V O R 33Y 1067 1120 
6 Y 1030 1093 109.70 I L S 34X 1058 995 
7X 1031 968 109.75 ILS 34Y 1058 1121 
7Y 1031 1094 109.80 V O R 35X 1059 996 
8X 1032 969 109.86 V O R 36Y 1059 1122 
8Y 1032 1095 109.90 ILS 36X 1060 997 
9X 1033 970 109.95 ILS 36Y 1060 1123 
9Y 1033 1096 110.00 V O R 37X 1031 998 

10X 1034 971 110.05 V O R 37 Y 1061 1124 
10Y 1034 1097 110.10 I L S 38X 1062 999 
11X 1035 972 110.15 I L S 38Y 1062 1125 
11Y 1036 1098 110.20 V O R 39X 1063 1000 
12X 1036 973 110.25 V O R 39Y 1063 1126 
12Y 1036 1099 110.30 I L S 40X 1064 1001 
13X 1037 974 110.35 I L S 40Y 1064 1127 
13Y 1037 1100 110.40 V O R 41X 1066 1002 
14X 1038 976 110.45 V O R 41Y 1065 1128 
I 4 Y 1038 1101 110.50 ILS 42X 1066 1003 — 15X 1039 976 110.55 ILS 42Y 1066 1129 
15Y 1039 1102 110.60 V O R 43X 1067 1004 
16X 1040 977 110.65 V O R 43 Y 1067 1130 —— 16Y 1040 1103 110.70 I L S 44X 1068 1005 

108.00 * 17X 1041 978 110.75 I L S 44Y 1068 1131 
108.05 V O R 17Y 1041 1104 110.80 V O R 45X 1069 1006 
108.10 ILS 18X 1042 979 110.85 V O R 45Y 1069 1132 
108.16 ILS 18Y 1042 1105 110.90 I L S 46X 1070 1007 
108.20 V O R 19X 1043 980 110.95 ILS 46Y 1070 1133 
108.25 V O R 19Y 1043 1106 111.00 V O R 47X 1071 1008 
108.30 ILS 20X 1044 981 111,06 V O R 47Y 1071 1134 
108.35 ILS 20Y 1044 1107 111.10 I L S 48X 1072 1009 
108.40 V O R 21X 1045 982 111.16 ILS 48Y 1072 1135 
108.45 V O R 21Y 1046 1108 111.20 V O R 49X 1073 1010 
108.50 ILS 22X 1046 983 111.26 V O R 49Y 1073 1136 
108.55 ILS 22 Y 1046 1109 11'). 30 I L S 60X 1074 1011 
108.60 V O R 23X 1047 984 111.36 I L S SOY 1074 1137 
108.65 V O R 23Y 1047 1110 111.40 V O R S I X 1075 1012 
108.70 I L S 24X 1048 985 111.46 V O R 61Y 1076 1138 
108.75 I L S 24Y 1048 1111 111.80 ILS 62X 1076 1013 
108.80 V O R 25X 1049 986 111.55 ILS 62Y 1076 1139 
108.85 V O R 25Y 1049 1112 111.60 V O R 63X 1077 1014 
108.00 ILS 26X 1060 987 111.66 V O R 63 Y 1077 1140 
108.95 I L S 26Y 1050 1113 111.70 ILS 64X 1078 1015 
109.00 V O R 27X 1051 988 111.75 I L S 54Y 1078 1141 
109.05 V O R 27 Y 1051 1114 111.80 V O R 86X 1079 1016 
109.10 ILS 28X 1052 989 111.85 V O R 66Y 1079 1142 

•108.0 MHi la not scheduled for facilities. The frequencies of channel 17X are assigned to facilities for testing airborne sysiem components. 
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VHF 
Cban. Freq. 

M H E 

D M E - T A C A N V H F 
Cban. Freq. 

M H E 

D M E - T A C A N VHF 
Cban. Freq. 

M H E Cban. No. Inter. Freq. 
M H E 

Reply Freq. 
M H E 

V H F 
Cban. Freq. 

M H E Cban. No. Inter. Freq. 
M H E 

Reply Freq. 
MHt 

1 1 1 . 9 0 I L 8 6 6 X 1080 1017 1 1 3 . 7 0 V O R 8 4 X 1108 1171 

1 1 1 , 9 6 I L S 6 6 Y 1080 1143 1 1 3 . 7 6 V O R 8 4 Y 1108 1046 

1 1 2 . 0 0 V O R 6 7 X 1081 1018 1 1 3 . 8 0 V O R 8 6 X 1109 1172 

1 1 2 . 0 5 V O R 67 Y 1081 1144 1 1 3 . 8 5 V O R 8 5 Y 1109 1046 

1 1 2 . 1 0 V O R 6 8 X 1082 1019 1 1 3 . 9 9 V O R 8 6 X 1110 1173 

1 1 2 . 1 6 V O R 6 8 Y 1082 1145 1 1 3 . 9 5 V O R 8 6 Y 1110 1047 

1 1 2 . 2 0 V O R 6 9 X 1083 1020 1 1 4 . 0 0 V O R 8 7 X 1111 1174 

1 1 2 . 2 5 V O R 5 9 Y 1083 1146 1 1 4 . 0 5 V O R 87 Y 1111 1048 

6 0 X 1084 1021 1 1 4 . 1 0 V O R 8 8 X 1112 1176 

6 0 Y 1084 1147 1 1 4 . 1 5 V O R 8 8 Y 1 1 1 2 1049 
6 1 X 1085 1022 1 1 4 . 2 0 V O R 8 9 X 1113 1176 
6 1 Y 1085 1148 1 1 4 . 2 6 V O R 89 Y 1113 1050 
6 2 X 1086 1023 1 1 4 . 3 0 V O R 9 0 X 1114 1177 
6 2 Y 1086 1149 1 1 4 . 3 5 V O R 9 0 Y 1114 1051 
6 3 X 1087 1024 1 1 4 . 4 0 V O R 9 1 X 1 1 1 5 1178 
6 3 Y 1087 1160 1 1 4 . 4 6 V O R 9 1 Y 1 1 1 6 1062 
6 4 X 1088 1151 1 1 4 . 5 0 V O R 9 2 X 1 1 1 6 1179 
6 4 Y 1088 1025 1 1 4 . 5 6 V O R 9 2 Y 1 1 1 6 1053 
6 5 X 1089 1162 1 1 4 . 6 0 V O R 9 3 X 1117 1180 
6 5 Y 1089 1026 1 1 4 . 6 5 V O R 9 3 Y 1117 1064 
6 6 X 1090 1153 1 1 4 . 7 0 V O R 9 4 X 1 1 1 8 1181 
6 6 H 1090 1027 1 1 4 . 7 6 V O R 9 4 Y 1 1 1 8 1055 
6 7 X 1091 1164 1 1 4 . 8 0 V O R 9 5 X 1119 1182 
67 Y 1091 1028 1 1 4 . 8 5 V O R 9 5 Y 1119 1066 

. 6 8 X 1092 1156 1 1 4 . 9 0 V O R 9 6 X 1120 1183 
6 8 Y 1092 1029 1 1 4 . 9 5 V O R 9 6 Y 1120 1057 
6 9 X 1093 1156 1 1 5 . 0 0 V O R 9 7 X 1121 1184 
69 Y 1093 1030 1 1 6 . 0 5 V O R 9 7 Y 1121 1058 

1 1 2 . 3 0 V O R 7 0 X 1094 1167 1 1 5 . 1 0 V O R 9 8 X 1122 1185 
1 1 2 . 3 6 V O R 7 0 Y 1094 1031 1 1 5 . 1 5 V O R 9 8 Y 1122 1059 
1 1 2 . 4 0 V O R 7 1 X 1095 1158 1 1 5 . 2 0 V O R 9 9 X 1123 1186 
1 1 2 . 4 5 V O R 7 1 Y 1095 1032 1 1 6 . 2 5 V O R 9 9 Y 1 1 2 3 1060 
1 1 2 . 6 0 V O R 7 2 X 1096 1159 1 1 5 . 3 0 V O R 1 0 0 X 1124 1187 
1 1 2 . 5 5 V O R 72 Y 1096 1033 1 1 5 . 3 6 V O R 1 9 0 Y 1124 1061 
1 1 2 . 6 0 V O R 7 3 X 1097 1160 1 1 5 . 4 0 V O R 1 0 1 X 1125 1188 
1 1 2 . 6 6 V O R 73 Y 1097 1034 1 1 5 . 4 5 V O R 1 0 1 Y 1125 1062 
1 1 2 , 7 0 V O R 7 4 X 1098 1161 1 1 4 . 6 0 V O R 1 0 2 X 1126 1189 
1 1 2 . 7 5 V O R 7 4 Y 1098 1 0 3 5 1 1 5 . 6 6 V O R 1 0 2 Y 1 1 2 6 1063 
1 1 2 . 8 0 V O R 7 5 X 1099 1162 1 1 5 . 6 0 V O R 1 0 3 X 1127 1190 
1 1 2 . 8 5 V O R 7 5 Y 1099 1036 1 1 5 . 6 5 V O R 1 0 3 Y 1127 1064 
1 1 2 . 9 0 V O R 7 6 X 1100 1163 1 1 6 . 7 0 V O R 1 0 4 X 1128 1191 
1 1 2 . 9 6 V O R 7 6 Y 1100 1037 1 1 5 . 7 5 V O R 1 0 4 Y 1128 1065 
1 1 3 . 0 0 V O R 7 7 X 1101 1164 1 1 6 . 8 0 V O R 1 0 5 X 1129 1192 
1 1 3 . 0 5 V O R 77 Y 1101 1038 1 1 5 . 8 6 V O R 1 0 5 Y 1129 1066 
1 1 3 . 1 0 V O R 7 8 X 1102 1165 1 1 5 . 9 0 V O R 1 0 6 X 1130 1193 
1 1 3 . 1 5 V O R 7 8 Y 1102 1039 1 1 5 . 9 5 V O R 1 0 6 Y 1130 1067 
1 1 3 . 2 0 V O R 7 9 X 1103 1166 1 1 6 . 0 0 V O R 1 0 7 X 1131 1194 
1 1 3 . 2 5 V O R 79 Y 1103 1040 1 1 6 . 0 5 V O R 1 0 7 Y 1131 1068 
1 1 3 , 3 0 V O R 8 0 X 1104 1167 1 1 6 . 1 0 V O R 1 0 8 X 1132 1196 
1 1 3 . 3 6 V O R S O Y 1104 1041 1 1 6 . 1 5 V O R 1 0 8 Y 1132 1069 
1 1 3 . 4 0 V O R 8 1 X 1105 1168 1 1 6 . 2 0 V O R 1 0 9 X 1133 1196 
1 1 3 . 4 5 V O R 8 1 Y 1105 1042 1 1 6 . 2 5 V O R 1 0 9 Y 1133 1070 
1 1 3 . 5 0 V O R 8 2 X 1106 1169 1 1 6 . 3 0 V O R 1 1 0 X 1134 1197 
1 1 3 . 6 6 V O R 8 2 Y 1106 1043 1 1 6 . 3 5 V O R H O Y 1134 1071 
1 1 3 . 6 0 V O R 8 3 X 1107 1170 1 1 6 . 4 0 V O R 1 1 1 X 1135 1198 
1 1 3 . 6 5 V O R 83 Y 1107 1044 1 1 6 . 4 6 V O R U 1 Y 1136 1072 
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V H F 
Chan. Freq. 

M H i 

D M E - T A C A N V 
Chan 

M 

HF D M E - T A C A N V H F 
Chan. Freq. 

M H i Chan. No. Inter. Freq. 
U H t 

Reply Preq. 
MHi 

V 
Chan 

M 
P roil. 

H E Chan. No, Inter. Freq. 
MHi 

Reply Freq. 
M H E 

116.60 V O R 1 1 2 X 1136 1199 117.25 V O R 119Y 1143 1080 
116.55 V O R 1 1 2 Y 1136 1073 117.30 V O R 120X 1144 1207 
116.60 V O R 113X 1137 1200 117.35 V O R 1 2 0 Y 1144 1081 
116.65 V O R 1 1 3 Y 1137 1074 117.40 V O R 121X 1145 1208 
116.70 V O R 114X 1138 1201 117.45 V O R 121Y 1145 1082 
116.75 V O R 114 Y 1138 1075 117.50 V O R 1 2 2 X 1146 1209 
116.80 V O R U 6 X 1139 1202 117.55 V O R 122Y 1146 1083 
116.85 V O R 115Y 1139 1076 117.60 V O R 123X 1147 1210 
116.90 V O R 1 1 6 X 1140 1203 117.65 V O R 123Y 1147 1084 
116.95 V O R U 6 Y 1140 1077 117.70 V O R 124X 1148 1211 
117.00 V O R 117X 1141 1204 117.75 V O R 124Y 1148 1085 
117.05 V O R 117Y 1141 1078 117.80 V O R 125X 1149 1212 
117.10 V O R 1 1 8 X 1142 1205 117.85 V O R 1 2 6 Y 1149 1086 
117.15 V O R U 8 Y 1142 1079 117.90 V O R 126X 1150 1213 
117.20 V O R 119X 1143 1206 117.95 V O R 126Y 1150 1087 



ERRATA 

AC 0 0 - 3 1 U. S . N a t i o n a l A v i a t i o n S tandard f o r the VORTAC 
Sys tern 

I n p r i n t i n g the s u b j e c t A C , page 20 c o n t a i n i n g F i g u r e 1 was 
i n a d v e r t e n t l y o m i t t e d . T h i s e r r a t a t r a n s m i t s the m i s s i n g 
page 20. 

P l e a s e remove page 19 and i n s e r t the a t t a c h e d pages 19 and 20. 
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T A B L E A . — V O R - T A C A N - D M E C H A N N E L F R E Q U E N C I E S A N D PAIRING—Cont inued 

V H F D M E - T A C A N V H F D M E - T A C A N 
Chan. Preq. f ^ h a n IT r a n Chan. Preq. n a i l * * r q u > 

MHt Chan. No. Inter. Freq. Reply Preq. MHi Chan. No. Inter. Freq. Reply Freq. 
M H E MHf M H E MHt 

116.60 V O R 112X 1136 1199 117.25 V O R 119Y 1143 1080 
116.55 V O R 112Y 1136 1073 117.30 V O R 120X 1144 1207 
116.60 V O R 113X 1137 1200 117.36 V O R 120Y 1144 1081 
116.65 V O R 113Y 1137 1074 117.40 V O R 121X 1146 1208 
116.70 V O R 114X 1138 1201 117.45 V O R 121Y 1145 1082 
116.75 V O R 114Y 1138 1076 117.60 V O R 122X 1146 1209 
116.80 V O R 116X 1139 1202 117.65 V O R 122Y 1146 1083 
116.85 V O R 115Y 1139 1076 117.60 V O R 123X 1147 1210 
116.00 V O R 116X 1140 1203 117.65 V O R 123Y 1147 1084 
116.95 V O R 116Y 1140 1077 117.70 V O R 124X 1148 1211 
117.00 V O R 117X 1141 1204 117.76 V O R 124Y 1148 1085 
117.06 V O R 117Y 1141 1078 117.80 V O R 125X 1149 1212 
117.10 V O R 118X 1142 1205 117.85 V O R 125Y 1149 1086 
117.15 V O R 118Y 1142 1079 117.90 V O R 126X 1150 1213 
117.20 V O R 119X 1143 1206 117.95 V O R 126Y 1150 1087 
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