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WITH OPERATION IN THE "REGION OF REVERSED COMMAND" 

1. PURPOSE. Th i s A d v i s o r y C i r c u l a r i s i n t e n d e d t o p r o v i d e the g e n e r a l 
a v i a t i o n p i l o t w i t h a r eady r e f e r e n c e t o the b a s i c aerodynamics 
i n v o l v e d i n s l o w speed f l i g h t a t o r near minimum c o n t r o l s p e e d -
S p e c i f i c a l l y , t h i s d i s c u s s i o n e x p l a i n s why the use o f p rope r f l y i n g 
t e c h n i q u e and p r e c i s e c o n t r o l o f the a i r p l a n e i s most c r i t i c a l i n 
the r e g i o n o f r e v e r s e d command. 

2 . CANCELLATION. AC 6 1 - 5 0 , da ted February 7 , 1 9 7 2 , i s c a n c e l l e d . 

3 . REFERENCES. 

a . S u p e r s o n i c F l i g h t Fundamentals , DSA-71 , FAA. 

b . AC 6 1 - 2 1 , F l i g h t T r a i n i n g Handbook. 

c . AC 6 1 - 1 6 A , F l i g h t I n s t r u c t o r ' s Handbook. 

d . AC 61 -27B, Ins t rument F l y i n g Handbook. 

DEFINITIONS. 

a . The R e g i o n o f Normal Command; the regime o f f l i g h t speeds 
g r e a t e r than the speed f o r minimum r e q u i r e d power . 

b . The Region o f Reversed Command; the reg ime o f f l i g h t speeds 
between the speed f o r minimum r e q u i r e d power and the s t a l l 
s p e e d . 

c . S t eady F l i g h t ; The a i r p l a n e i s i n e q u i l i b r i u m where t h e r e 
i s no imbalance o f f o r c e o r moment a c t i n g on the a i r p l a n e . 

d . Ang le o f A t t a c k ; The a n g l e measured be tween an a i r f o i l cho rd 
l i n e and the r e l a t i v e w i n d . 
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5 . BACKGROUND. 

a. P i l o t s engaged i n a e r i a l a p p l i c a t o r o p e r a t i o n s have long r e c o g n i z e d 
the need f o r a sound under s t and ing o f a i r p l a n e per fo rmance 
c h a r a c t e r i s t i c s a s s o c i a t e d w i t h the " r e g i o n o f r e v e r s e d command," 
and the a p p l i c a t i o n o f c e r t a i n o p e r a t i o n a l p r o c e d u r e s to a l l low 
a l t i t u d e , s l o w a i r s p e e d f l i g h t . 

b . Because o f the g r o w i n g • i n t e r e s t i n a i r c r a f t equ ipped w i t h Shor t 
Takeo f f and Landing (STOL) components o r s y s t e m s , and g r e a t e r 
per formance demands b e i n g p l a c e d on c o n v e n t i o n a l a i r p l a n e s w i t h o u t 
STOL m o d i f i c a t i o n , i t i s c o n s i d e r e d a p p r o p r i a t e tha t t h i s d i s c u s s i o n 
be d i r e c t e d to the g e n e r a l a v i a t i o n p i l o t as w e l l as the a e r i a l 
a p p l i c a t o r , 

6 . CONTROL OF AIRSPEED AND ALTITUDE. In t h i s d i s c u s s i o n o f a i r p l a n e c o n t r o l 
i t i s assumed tha t the a i r p l a n e i s trimmed so tha t no imbalance o f p i t c h , 
yaw o r r o l l moments e x i s t , and a t t e n t i o n w i l l be g i v e n to the f o r c e s 
a c t i n g on the a i r p l a n e ( i . e . , l i f t , t h r u s t , w e i g h t , and d r a g ) . 

a . Steady Leve l F l i g h t . As a c o n t i n g e n c y o f s t e a d y , l e v e l f l i g h t , the 
n e t l i f t b e i n g gene ra t ed must , f o r a l l p r a c t i c a l p u r p o s e s , equa l the 
a i r p l a n e w e i g h t . I t shou ld be a p p r e c i a t e d tha t a s p e c i f i c a i r p l a n e , 
a t any g i v e n g r o s s w e i g h t , a c h i e v e s e q u i l i b r i u m i n bo th the v e r t i c a l 
and h o r i z o n t a l d i r e c t i o n s a t o n l y one a i r s p e e d f o r each g i v e n a n g l e 
o f a t t a c k . Each a n g l e o f a t t a c k p r o d u c e s a s p e c i f i c l i f t c o e f f i c i e n t 
wh ich r e q u i r e s a s p e c i f i c v a l u e o f a i r s p e e d t o p r o v i d e s t eady l e v e l 
f l i g h t . T h e r e f o r e , ANGLE OF ATTACK IS THE PRIMARY CONTROL OF 
AIRSPEED IN STEADY FLIGHT. 

b . Steady Climb and D e s c e n t . In the c a s e o f c l i m b i n g o r d e s c e n d i n g 
f l i g h t , a component o f w e i g h t i s i n c l i n e d a long the f l i g h t path 
d i r e c t i o n , and e q u i l i b r i u m i s a c h i e v e d when t h r u s t i s n o t equal t o 
d r a g . The r a t e o f c l i m b , i f o r i g i n a l aerodynamic c o n d i t i o n s are 
ma in t a ined , i s t h e r e f o r e a d i r e c t f u n c t i o n o f the d i f f e r e n c e between 
power a v a i l a b l e and power r e q u i r e d f o r s t eady l e v e l f l i g h t . A l s o , 
when the re i s a d e f i c i e n c y in the a v a i l a b l e power to b a l a n c e the 
power r e q u i r e d , a r a t e o f d e s c e n t r e s u l t s . For t h i s r e a s o n , POWER 
SETTING IS THE PRIMARY CONTROL OF ALTITUDE IN STEADY FLIGHT. 

7 . FLYING TECHNIQUE. 

a. S ince the c o n d i t i o n s o f s t e a d y f l i g h t p redomina te dur ing most f l y i n g , 
the fundamentals o f f l y i n g t e c h n i q u e a re the p r i n c i p l e s o f s t eady 
f l i g h t : 

( 1 ) Angle o f a t t a c k i s the pr imary c o n t r o l o f a i r s p e e d . 

( 2 ) Power s e t t i n g i s the pr imary c o n t r o l o f a l t i t u d e . 
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b . With the e x c e p t i o n o f the t r a n s i e n t speed c o n d i t i o n s o f f l i g h t 
which o c c u r dur ing maneuvers , the c o n d i t i o n s o f s t e a d y f l i g h t a r e 
a lways a p p l i c a b l e . 

c . I t shou ld be n o t e d tha t changes i n a i r s p e e d w i l l r e q u i r e the p i l o t 
t o a d j u s t power s e t t i n g s i f he w i s h e s to ma in t a in a l t i t u d e , because 
o f the v a r i a t i o n o f power r e q u i r e d i n r e l a t i o n to s p e e d . By the 
same t o k e n , i f he w i s h e s to h o l d a i r s p e e d c o n s t a n t dur ing changes 
i n power s e t t i n g s , i t w i l l be n e c e s s a r y f o r him t o a d j u s t the p i t c h 
a t t i t u d e o f the a i r p l a n e . These p r i n c i p l e s form the b a s i s f o r 
a t t i t u d e f l y i n g t e c h n i q u e , commonly r e f e r r e d to as " a t t i t u d e p l u s 
power e q u a l s p e r f o r m a n c e . " 

NOTE: The Ins t rument F l y i n g Handbook, AC 61 -27B, c o n t a i n s b a s i c 
i n f o r m a t i o n needed t o a c q u i r e an FAA ins t rument r a t i n g , and a 
v a l u a b l e s e c t i o n on a t t i t u d e ins t rument f l y i n g . In tha t s e c t i o n , 
i t i s b rough t o u t tha t power c o n t r o l must be l ooked a t i n r e l a t i o n 
t o i t s e f f e c t on a l t i t u d e AND AIRSPEED, s i n c e any change i n power 
s e t t i n g can r e s u l t in a change i n a i r s p e e d o r a l t i t u d e , o r a 
c o m b i n a t i o n o f b o t h , "At any GIVEN (CONSTANT) AIRSPEED, the power 
s e t t i n g de t e rmines whether the a i r c r a f t i s i n l e v e l f l i g h t , i n a 
c l i m b , o r in a d e s c e n t . On the o t h e r hand, IF YOU HOLD ALTITUDE 
CONSTANT, THE AMOUNT OF POWER APPLIED WILL DETERMINE AIRSPEED." 
T h i s i s n o t meant t o c o n t r a d i c t the e a r l i e r s t a t e d p r i n c i p l e s o f 
s t eady f l i g h t , but t o p r e s e n t a r e f i n e d and p roven means o f c o n t r o l 
c o o r d i n a t i o n f o r the a t t a inmen t o f p r e c i s i o n per formance dur ing 
a t t i t u d e ins t rument f l y i n g . 

8 . THE REGION OF REVERSED COMMAND. 

a . A i r p l a n e c o n f i g u r a t i o n and a l t i t u d e d e f i n e a s p e c i f i c v a r i a t i o n o f 
POWER SETTING r e q u i r e d v e r s u s a i r s p e e d ( j e t t h r u s t o r p r o p e l l e r 
p o w e r ) . At low a i r s p e e d s near the s t a l l , the power s e t t i n g r e q u i r e d 
f o r s t e a d y , l e v e l f l i g h t i s q u i t e h i g h . From tha t p o i n t , an i n c r e a s e 
i n a i r s p e e d r e d u c e s the r e q u i r e d power s e t t i n g u n t i l some minimum 
power i s r eached a t ( o r n e a r ) the c o n d i t i o n s f o r maximum endurance . 
I n c r e a s e d speed beyond the c o n d i t i o n f o r maximum endurance then 
i n c r e a s e s the power s e t t i n g r e q u i r e d f o r s t e a d y , l e v e l f l i g h t . 
The f o l l o w i n g graph i l l u s t r a t e s these f a c t s . 
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Region of 
Region of 

* Normal Command 

POWER 

POWER 
REQUIRED 

AIRSPEED 

18 ANGLE OF ATTACK 0 
* NOTES AIRSPEED AND ANGLE OF ATTACK VALUES SHOWN ARE MERELY 

EXAMPLES. 
b. As shown on the POWER/AIRSPEED graph, the "region of reversed command" 

is the shaded area at the left of the vertical dashed line which 
represents the speed for maximum endurance. It can be seen that it 
Is possible for one power setting to achieve steady level flight at 
two different airspeeds. 

c. The regime of flight speeds greater than the speed for maximum 
endurance is termed the REGION OF NORMAL COMMAND, it is characterized 
by the effects of parasite drag which predominate to produce the 
need for increased power with increased speed. 

d. Flight speeds below the speed for maximum endurance require power 
settings which increase with a decrease in airspeed, and this regime 
of flight speeds is therefore termed the REGION OF REVERSED COMMAND. 
The effects of induced drag are the primary cause of the need for 
increased power with reduced speed. 

9 . CHARACTERISTICS OF FLIGHT IN THE REGION OF REVERSED COMMAND. 

a. Flight in the region of normal command is characterized by a 
strong tendency of the airplane to maintain the trim speed. 
Within the region of reversed command, however, it is likely that 
the airplane will exhibit little inherent tendency to maintain trim 
speed, and the airplane may in fact be basically unstable. 
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b . During l and ing a p p r o a c h , an i n c r e a s e i n noseup a t t i t u d e may 
p roduce a g r e a t e r r a t e o f d e s c e n t and, w i t h o u t the a p p r o p r i a t e 
power c h a n g e , o n l y s u c c e e d i n c o n t r o l l i n g the a i r p l a n e t o s t i l l 
lower a i r s p e e d s o r o n s e t o f s t a l l . 

c . Impres s ions and h a b i t s tha t can be d e v e l o p e d dur ing o p e r a t i o n 
i n the r e g i o n o f normal command, such as the i m p r e s s i o n tha t 
r a t e o f c l i m b o r d e s c e n t can be c o n t r o l l e d by changes in a n g l e 
o f a t t a c k a l o n e , can have s e r i o u s c o n s e q u e n c e s i n the r e g i o n 
o f r e v e r s e d command. 

d . O p e r a t i o n i n the a rea o f r e v e r s e d command i s common dur ing an 
a e r i a l a p p l i c a t i o n swath run o r turnaround, and can o c c u r 
a t any t ime a p i l o t a l l o w s a c o m b i n a t i o n o f low a i r s p e e d and 
h i g h power s e t t i n g s t o r e s u l t in a h i g h a n g l e o f a t t a c k . There 
a r e two ways o u t o f the s i t u a t i o n - i n c r e a s e power o r i n c r e a s e 
a i r s p e e d . I f p o s s i b l e , the combined use o f bo th w i l l be the 
b e s t remedy. 

e . I f through c a r e l e s s n e s s o r c o m p l a c e n c y , a p i l o t pe rmi t s the speed 
to g e t t o o low w h i l e c l o s e t o the ground ( I . e . , a e r i a l a p p l i c a t o r 
swath run , o r s h o r t f i e l d t a k e o f f ) , he may f i n d h i m s e l f w i t h l i t t l e 
o r no a d d i t i o n a l power and no e x c e s s a i r s p e e d to c o n v e r t to 
a l t i t u d e . There may be no means o f o b t a i n i n g the per formance 
n e c e s s a r y to c l e a r o b s t a c l e s . 

f . S t a l l s a r e ano ther p rob lem c l o s e l y a s s o c i a t e d w i t h o p e r a t i o n i n the 
" r e g i o n o f r e v e r s e d command." S i n c e the ang l e o f a t t a c k i s 
a l r e a d y h i g h , a s t a l l can o c c u r a t p u l l u p , t u rn , o r l e v e l o f f 
f o r a swath run , o r dur ing any t i g h t maneuver ing , such as on an 
e x c e s s i v e l y s t e e p turn to f i n a l . In f a c t , maneuvering tha t 
i n c r e a s e s the l oad f a c t o r can lead to s t a l l , even a t speeds in the 
a rea o f normal command. 

g . No a p p r e c i a b l e change i n l oad f a c t o r o r s t a l l speed o c c u r s a t bank 
a n g l e s o f l e s s than 30 d e g r e e s . However , a t bank a n g l e s g r e a t e r 
than 45 d e g r e e s , the i n c r e a s e i n load f a c t o r and s t a l l speed 
i s q u i t e r a p i d , and emphas izes the need t o a v o i d " tu rn t i g h t e n i n g " 
a t low a i r s p e e d s - a f l i g h t c o n d i t i o n common t o s t a l l / s p i n 
a c c i d e n t s . 

1 0 . CONCLUSIONS. 

a . Whi l e f l i g h t i n the r e g i o n o f normal command may c r e a t e doubt 
as to the pr imary c o n t r o l o f a i r s p e e d and a l t i t u d e , o p e r a t i o n 
i n the r e g i o n o f r e v e r s e d command shou ld l e a v e l i t t l e doub t 
abou t p r o p e r f l y i n g t e c h n i q u e s . 
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b . In no o t h e r f l y i n g s i t u a t i o n i s the a s s o c i a t i o n o f r e g i o n o f 
r e v e r s e d command and s t a l l as i n t o l e r a n t o f mi shand l ing than 
i n the low a l t i t u d e , maximum per formance o p e r a t i o n s t y p i c a l o f 
a e r i a l a p p l i c a t i o n and STOL o p e r a t i o n s . But t h e s e same c o n d i t i o n s 
can be encoun te r ed by the c a r e l e s s g e n e r a l a v i a t i o n p i l o t , and the 
aerodynamic f a c t o r s w i l l p r o v e j u s t as i n t o l e r a n t . 

c . O p e r a t i o n i n the r e g i o n o f r e v e r s e d command d o e s n o t imply tha t 
g r e a t c o n t r o l d i f f i c u l t y e x i s t s , bu t e r r o r s i n b a s i c f l y i n g 
t e c h n i q u e w i l l be a m p l i f i e d . P roper f l y i n g t e c h n i q u e and p r e c i s e 
c o n t r o l o f the a i r p l a n e a r e most n e c e s s a r y i n the r e g i o n o f 
r e v e r s e d command. 

r J. A. FERRARESE, A c t i n g D i r e c t o r 
F l i g h t Standards S e r v i c e 
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