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I n t r o d u c t i on: 
D i g i t a l r e c o r d i n g has r e f o c u s e d i n t e r e s t on m i c r o p h o n e 

t e c h n i q u e s i n t h e s t u d i o , and t o d a y ' s c r i t i c a l l i s t e n e r i s 
more aware t h a n e v e r be-fore o f suc h q u a l i t i e s i n a r e c o r d i n g 
as i m a g i n g , d e p t h , and space p e r s p e c t i v e s . These t e r m s a r e 
l a r g e l y s u b j e c t i v e and p r o b a b l y c a n n o t be p r e c i s e l y d e - f i n e d . 
However, t h e y do r e f e r t o c e r t a i n a t t r i b u t e s i n a r e c o r d i n g 
w h i c h g e n e r a l l y have t o . d o w i t h t h e s u b t l e t i e s o f m i c r o p h o n e 
p l a c e m e n t i n a n a t u r a l a c o u s t i c a l e n v i r o n m e n t . 

The s t a b i l i t y o f t h e " s t e r e o s t a g e " has l o n g been a 
c o n c e r n . A l m o s t a l l w e l l d e s i g n e d l o u d s p e a k e r s can p r o v i d e 
s t a b l e s t e r e o images f o r a l i s t e n e r l o c a t e d p r e c i s e l y on t h e 
p l a n e o f symmetry. B u t even s l i g h t movements o f f t h a t p l a n e 
may r e s u l t i n a s i g n i f i c a n t s h i f t i n g o f t h o s e phantom 
i mages. 

Some l o u d s p e a k e r s w h i c h h a v e a w i d e r a d i a t i o n p a t t e r n 
t e n d t o p r o d u c e a r a t h e r " s p a c e y " sound, inasmuch as t h e y 
may b r i n g i n t o p l a y c o n s i d e r a b l e l o c a l room r e f l e c t i o n s . 
Many l i s t e n e r s a t n a n - c e n t e r p o s i t i o n s m i s t a k e t h i s f o r c u e s 
i n t h e r e c o r d i n g i t s e l f , and s u c h l o u d s p e a k e r s o f t e n g i v e 
t h e i m p r e s s i o n o f r i c h n e s s i n a m b i e n c e , b u t o f c o u r s e 
w i t h o u t p r e c i s i o n o f l o c a l i s a t i o n . 

The c h i e f d e s i g n a i m i n t h i s P r o j e c t E v e r e s t s y s t e m has 
been t o w i d e n t h e a r e a o v e r w h i c h t h e l i s t e n e r can p e r c e i v e 
a c c u r a t e s t e r e o i m a g i n g . T h i s has been a c c o m p l i s h e d t h r o u g h 
p r e c i s e s h a p i n g o f t h e s y s t e m ' s p o l a r r e s p o n s e , l a r g e l y by 
means o f a u n i q u e d e f i n e d e d c o v e r a g e h i g h - f r e q u e n c y h o r n 
d e s i g n . 

A n o t h e r d e s i g n a i m has been t o p r o v i d e w i d e d y namic 
r a n g e so t h a t t h e h i g h c r e s t f a c t o r s i n modern d i g i t a l 
r e c o r d i n g s can be r e p r o d u c e d w i t h l o w d i s t o r t i o n . The s y s t e m 
has a s e n s i t i v i t y o f 100 dB SPL, r e f e r r e d t o one w a t t a t one 
m e t e r , and t h i s a l l o w s a m p l i f i e r s o f o n l y m o d e r a t e power 
r a t i n g s to d r i v e t h e s y s t e m t o v e r y h i g h a c o u s t i c a l l e v e l s . 
R a t e d s y s t e m p r o g r a m power i n p u t i s a g e n e r o u s 300 w a t t s , so 
each c h a n n e l can p r o d u c e peak a c o u s t i c a l l e v e l s o f 115 dB 
SPL a t a d i s t a n c e o f t h r e e m e t e r s ! 

I n t h i s W h i t e Paper, we w i l l d i s c u s s t h e v a r i o u s d e s i g n 
a s p e c t s o f . t h e s y s t e m , w i t h p a r t i c u l a r e m p h a s i s on i t s 
u n i q u e p o l a r c h a r a c t e r i s t i c s . 
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G e n e r a t i o n o-f Phantom Images: 
I n t h e -frequency r a n g e b e l o w a b o u t 700 Hz, phase 

r e l a t i o n s h i p s a t t h e e a r s a r e used t o l o c a l i z e sound s o u r c e s 
i n t h e h o r i z o n t a l p l a n e - Above a b o u t 2 kHz, t h e p r e d o m i n a n t 
cues a r e t h e a m p l i t u d e r e l a t i o n s h i p s a t t h e e a r s c a u s e d by 
s h a d o w i n g o f sound as i t p a s s e s a r o u n d t h e head. 

F i g u r e 1 shows t h e s e r e l a t i o n s h i p s . H ere, we have 
c o m b i n e d b o t h phase and a m p l i t u d e c u e s i n g e n e r a t i n g a s e t 
o-f p h a s o r s a t t h e e a r s . The p h a s o r s a r e shown as a r r o w s ; 
t h e i r l e n g t h i n d i c a t e s r e l a t i v e a m p l i t u d e , and t h e i r a n g u l a r 
o r i e n t a t i o n i n d i c a t e s a l e a d i n g o r l a g g i n g r e l a t i o n s h i p 
b e t w e e n them. ( C o u n t e r c l o c k w i s e r o t a t i o n i n d i c a t e s a l e a d i n g 
r e l a t i o n s h i p . ) 

F o r a sound s o u r c e ( S I ) p l a c e d d i r e c t l y ahead o f t h e 
l i s t e n e r , sounds a r r i v e a t t h e e a r s s i m u l t a n e o u s l y w i t h t h e 
same a m p l i t u d e . Thus, t h e p h a s o r s a r e o f e q u a l l e n g t h , and 
t h e p hase a n g l e b e t w e e n them i s z e r o . For a s o u r c e (S2> t o 
t h e r i g h t , t h e p h a s o r a t t h e r i g h t e a r i s l o n g e r ( i n d i c a t i n g 
g r e a t e r a m p l i t u d e ) , and i t l e a d s t h e p h a s o r a t t h e l e f t e a r 
by some amount ( i n d i c a t i n g t h a t sound r e a c h e s t h e r i g h t e a r 
f i r s t ) . 

F o r a l i s t e n e r s e a t e d a l o n g t h e median p l a n e b e t w e e n a 
p a i r o f s t e r e o l o u d s p e a k e r s , as shown a t F i g u r e 2, we can 
c r e a t e p r e c i s e p h a s o r r e l a t i o n s h i p s a t t h e l i s t e n e r ' s e a r s 
f o r a c e n t e r phantom image. I n t h i s c a s e , t h e i n f o r m a t i o n 
f e d t o each l o u d s p e a k e r i s t h e same, s i m u l a t i n g an image 
panned t o t h e c e n t e r p o s i t i o n . W h i l e t h e i n d i v i d u a l p h a s o r s 
a t each e a r a r e d i f f e r e n t f o r t h e t w o l o u d s p e a k e r s , t h e 
s u m m a t i o n s o f them, LT and RT, a t each e a r a r e i d e n t i c a l . 
Thus, t h e 1 i s t e n e r w i l l 1 o c a l i z e t h e sound as o r i g i n a t i n g 
d i r e c t l y i n f r o n t o f h i m . 

We can a l t e r t h e a m p l i t u d e r e l a t i o n b e t w e en t h e 
l o u d s p e a k e r s , p a n n i n g t h e s i g n a l s l i g h t l y t o t h e r i g h t . 
A g a i n , when we r e c o n s t r u c t t h e p h a s o r s a t t h e e a r s , we f i n d 
a l e a d i n g p h a s o r a t t h e r i g h t e a r , i n d i c a t i n g a phantom 
s o u r c e d i s p l a c e d t o t h e r i g h t o f c e n t e r . T h i s i s shown i n 
F i g u r e 3. 

As l o n g as t h e l i s t e n e r i s e x a c t l y midway between t h e 
l o u d s p e a k e r s , t h e a n a l y s i s i s s i m p l e enough, and t h e phantom 
images a r e q u i t e p r e c i s e . 

D f f - C e n t e r Phantom Images: 

For l i s t e n e r s d i s p l a c e d f r o m t h e c e n t e r , t h e p h a s o r 
a n a l y s i s becomes r a t h e r c o m p l i c a t e d . As shown i n F i g u r e 4, 
t h e r e w i 1 1 • b e d i f f e r e n t p a t h l e n g t h s t o each e a r , and t h o s e 
d i f f e r e n c e s w i l l r e s u l t i n p e a k s and d i p s i n f r e q u e n c y 
r e s p o n s e ( o f t e n r e f e r r e d t o as"comb f i l t e r " r e s p o n s e ) . 
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F u r t h e r m o r e , t h e p a t t e r n e x i s t i n g a t each e a r w i l l be 
d i f f e r e n t ; , and t h e r e s u l t i n g p h a s o r r e l a t i o n s h i p s b e t w e e n 
t h e e a r s w i l l be q u i t e c o m p l i c a t e d . 

The s i t u a t i o n shown i n F i g u r e 4 a p p l i e s m a i n l y t o 
f r e q u e n c i e s b e l o w a b o u t 700 Hz, where a m p l i t u d e d i f f e r e n c e s 
between t h e e a r s a r e n o t s i g n i f i c a n t - The r e s u l t i n g 
l o c a l i z a t i o n c u e s i n t h i s f r e q u e n c y r a n g e a r e q u i t e 
a m b i g u o u s , and l i t t l e can be done t o o f f s e t them. 

A t h i g h e r f r e q u e n c i e s , t h e comb f i l t e r i n g a t t h e e a r s 
becomes q u i t e d ense and l e s s a f a c t o r i n d e t e r m i n i n g 
l o c a l i z a t i o n . I n t h i s f r e q u e n c y r e g i o n , we t a k e n o t e o f t h e 
f a c t t h a t t h e n e a r e r l o u d s p e a k e r w i l l be l o u d e r t h a n t h e 
f a r t h e r one, and t h i s i s s o m e t h i n g we can c o r r e c t t h r o u g h 
t h e l o u d s p e a k e r ' s d i r e c t i o n a l c h a r a c t e r i s t i c s . 

S i m p l y c o r r e c t i n g t h e d i s t a n c e o f f s e t l e v e l i n dB 
between t h e l o u d s p e a k e r s and t h e l i s t e n e r by a l t e r i n g t h e 
p o l a r p a t t e r s i s n o t s u f f i c i e n t . A n o t h e r f a c t o r , t h e 
p r e c e d e n c e e f f e c t , comes i n t o p l a y . T r a n s i e n t ( h i g h 
f r e q u e n c y ) i n f o r m a t i o n i s l o c a l i z e d a t t h e e a r l i e r 
l o u d s p e a k e r , even when t h e t w o l o u d s p e a k e r s a r e r e p r o d u c i n g 
t h e sound a t t h e same l e v e l a t t h e l i s t e n e r . Thus, we 
d e s i g n e d i n t o t h e s y s t e m a d e g r e e o f " o v e r - c o r r e c t i o n 1 1 t o 
c o u n t e r a c t t h i s . F i g u r e 7 shows t h e g e n e r a l c h a r a c t e r i s t i c s 
o f t h e p r e c e d e n c e e f f e c t i n t e r m s o f l e v e l i m b a l a n c e 
r e q u i r e d t o r e s t o r e phantom c e n t e r l o c a l i z a t i o n f o r a d e l a y 
between l o u d s p e a k e r s . T h i s d a t a i s d e r i v e d f r o m t h e s t u d i e s 
o f Haas, and t h e r e i s a good b i t o f v a r i a b i l i t y t o i t , 
d e p e n d i n g on d e t a i l s o f t h e l i s t e n i n g a t e s t s e t u p and t h e 
p r e c i s e n a t u r e o f t h e p r o g r a m . I n o u r s t u d i e s , we f o u n d t h a t 
a p p r o a c h i ng t h e Haas y a l L I E S o f 1 e v e l i mbal ance, as a 
f u n c t i o n o f d e l a y d i f f e r e n c e , was most u s e f u l above 4 kHz. 
T h i s u n t i m a t e l y r e s u l t e d i n o u r a n g l i n g t h e UHF t r a n s d u c e r 
s i x t y d e g r e e s f r o m t h e n o r m a l s t r a i g h t - a h e a d p o s i t i o n . 
E x t e n s i v e l i s t e n i n g t e s t s i n a v a r i e t y o f e n v i r o n m e n t s 
c o n f i r m e d t h e v a l i d i t y o f t h i s . 

P o l a r P a t t e r n s o f t h e P r o j e c t E v e r e s t DD 55000 C o n s t a n t 
I m a g i n g System: 

I n t h i s s y s t e m , a l l t h r e e d r i v e r s a r e a n g l e d i n w a r d , as 
shown i n F i g u r e 5- The l o w - f r e q u e n c y (LF) and h i g h - f r e q u e n c y 
(HF) c o m p onents a r e a n g l e d a t 30 d e g r e e s r e l a t i v e t o 
s t r a i g h t ahead, w h i l e t h e u l t r a - h i g h - f r e q u e n c y (UHF) u n i t , 
as we have s t a t e d e a r l i e r , i s a n g l e d a t 60 d e g r e e s . 

W h i l e t h e LF and UHF t r a n s d u c e r s each have s y m m e t r i c a l 
p o l a r p a t t e r n s a b o u t t h e i r n o r m a l a x e s , t h e HF h o r n i s 
u n i q u e i n t h a t i t s c o v e r a g e p a t t e r n i s n o t s y m m e t r i c a l f r o m 
s i d e t o s i d e . T h i s can be a p p r e c i a t e d by l o o k i n g a t t h e 
f r o n t v i e w o f t h e l e f t l o u d s p e a k e r , as shown i n F i g u r e 6. 
T h a t p o r t i o n o f t h e HF h o r n w h i c h p o i n t s a c r o s s t h e 
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l i s t e n i n g a r e a has a h i g h e r d i r e c t i v i t y i n d e x t h a n t h a t 
p o r t i o n w h i c h p o i n t s d i r e c t l y ahead. T h i s w i l l become 
a p p a r e n t when we e x a m i n e t h e p o l a r p a t t e r n s -for t h e l e f t 
c h a n n e l , as shown i n F i g u r e 8A t h r o u g h F. 

P o l a r c u r v e s a r e shown a t 500 Hz, 1, 2, 4, 8, and 16 
kHz. What t h e s e c u r v e s show i s t h a t l i s t e n e r s m o v i n g o f f t h e 
c e n t e r l i n e b e t w e e n t h e s t e r e o p a i r w i l l be m o v i n g i n t o a 
s t r o n g e r p o l a r z o n e o f one l o u d s p e a k e r as t h e y move c l o s e r 
t o t h e t h e o t h e r l o u d s p e a k e r . The p o l a r c h a r a c t e r i s t i c s o f 
t h e r i g h t c h a n n e l l o u d s p e a k e r a r e , o f course;, t h e m i r r o r 
image o f t h e ones shown h e r e . 

I n n o r m a l o p e r a t i o n , t h e l o u d s p e a k e r s w o u l d be a r r a y e d 
as shown i n F i g u r e 9. T h i s r e p r e s e n t s t h e s t a n d a r d 
o r i e n t a t i o n f o r w h i c h t h e s y s t e m was o p t i m i z e d . Under t h i s 
s e t o f c o n d i t i o n s , we have p l o t t e d t h e i n v e r s e s q u a r e l e v e l 
d i f f e r e n c e s b e t w e e n t h e l o u d s p e a k e r s and compared them w i t h 
t h e p o l a r p a t t e r n d i f f e r e n c e s a t each f r e q u e n c y f o r each o f 
t h e t h r e e o f f — a x i s l i s t e n i n g p o s i t i o n s , A, B, and C. T h i s 
i n f o r m a t i o n i s shown i n T a b l e 1. 

The o v e r c o r r e c t i o n a t h i g h f r e q u e n c i e s i s shown i n 
F i g u r e 10. N o t e t h a t t h e o v e r c o r r e c t i o n i s a p p a r e n t o n l y 
above 4 kHz. A t 16 kHz, i t o n l y a p p r o x i m a t e s t h e Haas d a t a 
shown i n F i g u r e 7. The need f o r t h i s c o r r e c t i o n was 
e s t i m a t e d a t t h e o u t s e t o f t h e d e s i g n c y c l e , b u t t h e p r e c i s e 
amount was d e t e r m i n e d e m p i r i c a l l y , as we s t a t e d e a r l i e r . 

Use o f t h e E v e r e s t System i n L a r g e r and S m a l l e r Spaces: 

Whi1e we recommend t h e b a s i c r a t i o s shown i n F i g u r e 9, 
t h e a c t u a l d i m e n s i o n s o f t h e p l a y b a c k a r r a y can be s c a l e d up 
o r down, as r e q u i r e d by t h e l i s t e n i n g e n v i r o n m e n t . I n v e r s e 
s q u a r e r e l a t i o n s h i p s w i l l s c a l e upward and downward, b u t 
t i m e d e l a y r e l a t i o n s h i p s w i l l n o t . The l a r g e r t h e s p a c i n g 
i s , t h e g r e a t e r w i l l be t h e need f o r t h e p r e c e d e n c e e f f e c t 
o v e r c o m p e n s a t i o n , and u n d e r t h e s e c o n d i t i o n s , t h e u s e r may 
t u r n t h e l o u d s p e a k e r s i n w a r d s l i g h t l y . F o r use w i t h s m a l l e r 
s p a c i n g , t h e y may be t u r n e d o u t w a r d s l i g h t l y . 

Even when t h e b a s i c e q u i l a t e r a l l i s t e n i n g t r i a n g l e 
c a n n o t be accommodated, s l i g h t i n w a r d o r o u t w a r d s h i f t i n g o f 
t h e l o u d s p e a k e r s w i l l o p t i m i z e o f f - a x i s l i s t e n i n g p o s i t i o n s . 
The u s e r can e x p e r i m e n t a t l e n g t h . 

A d d i t i o n a l System A c o u s t i c a l C h a r a c t e r i s t i c s : 
F i g u r e 11 shows t h e g r o u n d p l a n e ( f r e e - f i e l d ) r e s p o n s e 

o f t h e P r o j e c t E v e r e s t s y s t e m as measured on t h e a x i s o f t h e 
HF h o r n . The r e s p o n s e i s r e f e r r e d t o one w a t t a t one m e t e r . 
I n h a l f s p a c e , t h e r e s p o n s e w o u l d be augmented a t l o w 
f r e q u e n c i e s as i n d i c a t e d by t h e dashed l i n e . 
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The v o l t a g e d r i v e t o t h e t h r e e t r a n s d u c e r s i s shown i n 
F i g u r e 12. N o t e t h a t a l l r o l l - o f f s l o p e s a r e 12 d B / o c t a v e . 
The HF s e c t i o n has a d d i t i o n a l - f r e q u e n c y c o n t o u r i n g b u i l t i n 
t o c o r r e c t -for t h e n a t u r a l power r e s p o n s e r o l l - o - f - f o-f t h e HF 
d r i v e r . 

A c o u s t i c a l c r o s s o v e r s a r e a t 850 Hz b e t w e e n t h e LF and 
HF s e c t i o n s and 7500 between t h e HF and UHF s e c t i o n s . The 
e-f-fects a-f t h r e e - p o s i t i o n s w i t c h e s i n t h e HF and UHF 
s e c t i o n s a r e shown, as a r e t h e e f f e c t s o f a m i d - b a s s 
c o n t o u r i n g c i r c u i t . We have f o u n d t h a t i n some a c o u s t i c 
s e t t i n g s , t h e u s e r w i l l want t o r e d u c e t h e r e s p o n s e i n t h e 
125 t o 250 Hz r e g i o n . 

System E f f i c i e n c y c o n s i d e r a t i o n s : 
The r e l a t i v e l y h i g h s y s t e m s e n s i t i v i t y o f 100 dB SPL, 

one w a t t a t one m e t e r , p r o v i d e s e f f o r t l e s s p e r f o r m a n c e a t 
n o r m a l l i s t e n i n g l e v e l s . As m e n t i o n e d e a r l i e r , o u r i n t e n t i o n 
was t o b u i l d a s y s t e m w h i c h c o u l d do j u s t i c e t o t h e b e s t 
d i g i t a l m a t e r i a l a v a i l a b l e t o d a y . 

As a r u l e , a h i g h s e n s i t i v i t y s y s t e m s a c r i f i c e s LF 
b a n d w i d t h . However, i n t h e DD 55000 s y s t e m , we a r e d e a l i n g 
w i t h s u f f i c i e n t e n c l o s u r e v o l u m e t o y i e l d smooth r e s p o n s e 
down t o 40 Hz. I t i s o u r o p i n i o n t h a t 40 Hz r e p r e s e n t s an 
e x c e l l e n t t r a d e - o f f , c o n s i d e r i n g t h e a d v a n t a g e s o f such h i g h 
s e n s i t i v i t y . The o c c a s i o n a l l i s t e h e r who w a n t s r e s p o n s e 
w h i c h r e a c h e s down t o , say, 25 Hz w i l l need a s u b - w o o f e r t o 
c o v e r t h a t r a n g e . 

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

D r i v e r Complement: 

The LF d r i v e r i s t h e model 150-4H. I t r e s e m b l e s t h e 
o l d e r 150-4 d r i v e r w h i c h was used i n t h e o r i g i n a l P aragon 
s y s t e m . I t has t h e same t h i c k t o p p l a t e s t r u c t u r e as i s u s e d 
i n t h e LE-15 d r i v e r . 

The HF d r i v e r i s t h e model 2425H w i t h t i t a n i u m 
d i a p h r a g m . I t i s used w i t h t h e model 2342 d e f i n e d c o v e r a g e 
h o r n , w h i c h was o r i g i n a l l y d e s i g n e d f o r t h e JBL 4660 
P r o f e s s i o n a l s y s t e m f o r speech r e i n f o r c e m e n t i n r e c t a n g u l a r 
s p a c e s . 

The UHF t r a n s d u c e r i s t h e model 2405H r i n g r a d i a t o r w i t h 
i t s r a d i a t i o n s l o t o r i e n t e d v e r t i c a l l y . 
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The a n - a x i s d i r e c t i v i t y i n d e x p f t h e s y s t e m i s a b o u t 
10-11 dB o v e r t h e r a n g e -from 800 Hz t o 20 kHz. T h i s , a l o n g 
w i t h t h e f l a t o v e r a l l a n - a x i s r e s p o n s e , e n s u r e s v e r y smooth 
power r e s p o n s e . Thus, t h e r a t i o o f d i r e c t - t o - r e f l e c t e d sound 
i n most rooms w i l l be r e l a t i v e l y c o n s t a n t o v e r t h e f r e q u e n c y 
r a n g e . 



Table 1 
— P o s i t i o n 1 - - P o s i t i o n 2 

Freq. I n v e r s e Squared P o l a r A Di f f e r e n c e I n v e r s e SquareA PolarA Di f f e r e n c e 

500 Hz 0 dB 0 dB 0 dB -1.5 dB 0 dB -1.5 dB 
1 kHz 0 0 0 0 -1.5 dB 
2 kHz 0 0 0 +1 -.5 
4 kHz 0 0 0 +2.5 + .5 
8 kHz 0 0 0 +1 -.5 
16 kHz 0 0 0 +4 +2.5 

— P o s i t i o n 3 - " P o s i t i o n 4 
Freq. I n v e r s e SquareA P o l a r A. Di f f e r e n c e I n v e r s e SquareA P o l a r / i Di f f e r e n c e 

500 Hz -2.7 dB + .5 dB -2.2 dB -3.7 dB +1 dB -2.7 dB 
1 kHz 11 +1 -1.7 +2 -1.7 
2 kHz 11 +4 +1.3 +5.5 +1.8 
4 kHz +5.5 +2.8 +6 +2.3 
8 kHz +4 +1.3 +7.5 +3.8 
16 kHz +9 +6.3 +14 +10.3 



1 
Figure 23. Phasors existing at the left and right ears for sounds in front of listener (S,) and 
at front-right (S2). 

z 
Phasors at Left Ear Phasors at Right Ear 

Figure Simulation of phasors for a sound source in front of listener using a left-right 
pair of loudspeakers. 

For S\: 

For S2: 



Comparison of L j and ^7-

Figure-2»2f. Simulation of phasors for a sound source located right of center using a left-
right pair of loudspeakers. 

Phasors at Right Ear 
Phasors at Left Ear 

3 



When t h e s i g n a l a t L equals t h a t a t R (phantom c e n t e r i n f o r m a t i o n ) , t h e r e w i l l 
be unequal paths t o each e a r , p r o d u c i n g c a n c e l l a t i o n s and r e i n f o r c e m e n t s . The 
l o w e s t f r e q u e n c y a t which c a n c e l l a t i o n w i l l occur a t t h e l e f t ear i s : 

fl = 0.5 c(A - C), 

Another s e t o f phasors w i l l e x i s t a t t h e r i g h t e a r , w i t h d e t e r m i n e d as: 

fl = 0.5 c(B - D) 

where c_ i s t h e speed o f sound. Thus: 



p/j;U^>S' tTverexf ^jtho^y ^uJrAuay Top 



.1 Pf\q\ T̂ V̂ Kvî  l^deK. 
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F i g u r e D e l a y vs. amplitude imbalance relationships for precedence effect. 

Delay (milliseconds) 
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