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CALCULATION OF DIRECTIVITY FACTOR 

The directivity factor (Q) of a loudspeaker is the ratio of the 
total power radiated by a hypothetical loudspeaker, having a 
uniform radiation pattern, to the given loudspeaker when each 
have identical symmetry on the pr inc i p I e axis of symmetry. 
Although the analytical calculation can be made for many simple 
models (1), most real loudspeakers deviate from mathematical 
models so that data must be taken for accurate resu Its. 

When the sound radiation pattern under examination can be con
sidered to have radial symmetry about its pricinpal a x is; i.e., 
a figure of revolution; the Q can be calculated from the follow
ing integral in Equation l. 
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The graphical evaluation of this integral suggested by Bauer (2), 
has been used in reducing several hundred polar response curves 
to Qs, which are presented in the data sheets. 

TEST SETUP 

Polar response patterns were run on the various horns and low
frequency loudspeakers with the test setup shown in Figure 1. 
One third-octave band filtered pink noise was used as a test 
signal, except in the broadband measurements where a 500 Hz 

(l) Hopkins and Stryker, Procedure s of I • E. E., March, 1948, 
P4. 

(2) B. B. Baumze iger (Bauer),J.A.S.A. No. 11, 1940, P477 . ' 

to 3000 Hz passband was obtained by us i n g an 
adjustable bandpass filter . 

DATA PRESENTATION 

Polar patterns were obtained in both horizontal and vertical 
orientations wherever possible. The integral (1) was obtained 
by graphical means from each polar plot and the resu I ting Q was 
plotted, as a function of frequency, for each loudspeaker. This 
was done for both horizontal and vertical polar data. This tech
nique offers the important advantage of providing both integrated 
horizontal and vertical directivity information, as well as allow
ing a mean Q* figure to be calculated for the effective Qin a 
highly reverberant space. The mean Q figure used is a geometric 
mean based on the area of the rectangle formed by the horizon
tal and vertical coverage angles as expressed in Equation 2. 

(Eq. 2) 

Mean Q * = _f ✓ QH . Ov 

. . 
~ .. 

Where Mean Q is the mean directivity factor 

QH is the apparent horizontal directivity factor 

Gv is the apparent vertical directivity factor 

It is interesting to reverse th is process and assign coverage angles 
to the I oudspeakers, based on the concept that the tota I sound 
power radiated is through a rectangular window. These angles 
are indicated on the right margin of the "Q versus Frequency" 
curves and should be used to read a rough horizontal and verti
ca I coverage from the Q H and Gv curves, respective I y . 

In addition to the "Q versus Frequency" curves, typical polar 
response patterns have been inc I uded for preferred horn-driver 
combinations at a · 1/ 3-ocrave frequency band centered at l 000 
Hz. These curves have been split in ha If to display both the 
horizontal and v er tic a I polar response on one sheet. These 
curves are typ ica I of severe I hundred that were recorded and 
that are on file for reference. 
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Figure 1. Test Setup for Measuring Polar Response Patterns 

' . -
• # . ... . .• 

.. 
•· 

1• 
&- .. , 
' ' . ·. 

' . • .i. • 
) ,. ,, 

1.• ... 

... 
·-~ ~·- l 

~ :h"' JTA#! 

j' .:. ~;: _ .. yr. ) 

~ 

.,. .•. 
.. ., .~ I 

I• '--,tr .~ 
~ ~~ .-.. .. '"' . . 

.,.,. . .. ' . . 
~ 

' ' -. ,~ 
t., ... 't.• • _ .. 

Ii•. t . . ·-,~ 
~ . ..,. . ~' 'l' . ~ , . . . , . 

. .. "-

~ ., . 
. 

-t 

r 
~ .. ~ 

t .: . 
"'· 

#, 



100 

HORN . . 
~ 

~ ,, 

\""' ~ .., ~ ~ . ~ 30 

' ----,. 
1 \.' V) 

!" . , ~~- 1 • w 
w 
O::'. 

"' 1' "'~ 
40 0 

~ w .~ C) • ~i •. ........ 
45 z 

' ' 0 - -- 50 f-.,,,, :::> 
'° O::'. 

60 f-
V) 

C) 

O::'. 

70 <{ 
_J 

:::> 

80 0 z 
<{ 

90 f-

z 5 w 
_J 

<{ 
-,_. > 
,, :::> 

0 
w 

135 
' ' ....... 

-r,, • I, 

2 180 
~ .. -.. ;~~-· 

< 
•.►. ., 

""--!. ... 
~. 

'" 

..., 
"' - ,_ :~ 1":r-.:...-, ·~- ,, ,. 

• ..... ., .. . 
~-

500 lK 2K 5K I'• lOK "4,,:+ 

FREQUENCY (Hz) .:-..~~ + ,::. 
,, ,i- ,,... ' ... '. ' •i>Ji. ,,, .. : - . 

'll! ..... I i' "'j:; \ 1'",'"' ,..,;Q .... 
~ , , ,r , ·,. 

..... ~i:;r""-:.~ r ~Lt' 

, . ·:' ., 
'; 

' '>' v·~ , .. ~ ~ 



.._. ..,r, .. , ...,_ ~ r.,. .._ 

'., 
l 00 •" 

. ""' . . 

TWO UNIT STACK 203 B 

50 . HORIZONTAL "' ----. . VERTICAL ----,. -. ~ . . 
MEAN * 

.- . 

20 -~ 
~ /. / 1-' ~ •. __.. 

= 
0 
= 

10 

---,,,, V, 
1,111""' 

~ 

'/ 

-. 

' 
5 

-

- .,- '" -
i' ,.. . . - . 
~ Ii - ~ ~ 

1,-
~ .,--"! J, 

.2 
Fe . , .. . 

,,. . ,,. ,,, , ' _,._ - ; 

- 1, . ·~ ' 
., : -~ ~ ... , ' 

1 
100 200 

' . . , 
~ ~,1 '"'! ~ 

I ~; ,c. -.if ~ 

,..r.. •.. 'i. 
. 

~, 
_..,,, , 

/ 

~ 

--·- ---
-

---'-'-----41 _,, 

Ii . 

-
L 

I, 

,4f- ""lr'·--..,_ 
,, 

0 

. . 
' 
> 

lK 
FREQUENCY (Hz) 

... 
' 

-- -

i- --~_,.,.-- =· --'~ I l 

--------------41 ---

; . 
,,• . -

- . 
-, 

. . 
' ~ 

2K 

·' 
•' ' 

--· 
t 

--

,-

" 

h 

~ 

', 

' 1,; . 
-., 

~ .... 
i,"" 

---

' ,~ 

' 

I-~• ... 

-

/ 

""i 

-
~ 

' 

i- 25 

... 

' 

-
.. 

'"' 

30 

40 

45 

50 

60 

70 

80 

z 
0 
I
::) 
O'.l 

lY 
I
V) 

0 
lY 
-<( 
....J 
::) 

0 
z 
-<( .. 90 1-

• l 

,_ 

1 

Ir.~ 

35 

80 

Z 
w 
....J 
-<( 
> 
::) 

0 
w 



~~ 

' 
~ 

r 

.. :r-... 

l 

I 
u, 

-
' 

50 . 

20 

-
0 

10 

5 

2 

' 
j 

li 

►.~ 
•: .. :-, ':· . . ' " . ' . 
•: 
;.. 

FOUR UNIT STACK 203 B 

' 

HORIZONTAL 
VERTICAL 
MEANi' 

, 

, ·, 

/ 
,/' 

------

I• 
' 

'• 

-----... ---
-25 

-30 ~--
---t--~-+-+--+-----+---+-- ----+----+---+---+--+-----'f--+---11 

-40 

45 ---------- -50 ......... __ --- --~ -~, 
60 

' "" ·~ 
"" 
~ 70 

' 
80 

-90 

~ 135 

~---+-------l----+----+-----1---4----4-+-4---f-------1----+-----+-----+----+---+--+--+---+___.,..180 

200 500 

., 

.. ,,'\ 
lK 

FREQUENCY (Hz) 

2K 

-. 

5K 
_____ .._ 

lOK 

........ 
V) 

w 
w 
Q:'.'. 
C) 
w 
Q ........, 

z 
0 
I-
::) 
ca 
Q:'.'. 
I-
V) 

Q 
Q:'.'. 

<i: 
_J 

::) 
C) 
z 
<i: 
I-
z 
w 
_J 

<i: 
> 
::) 

a 
w 



I 

0-

MEAN * 

10 

lK 
FREQUENCY (Hz) 

30 

40 

45 

50 

70 

80 

135 

-V) 
w 
w 
a,:: 

0 
w 
0 .__.. 

z 
0 
I-
:) 
a) 

a,:: 
I-
V) 

0 
a,:: 

<t: 
_J 

:) 

0 
z 
<t: 
I-

z 
w 
_J 

<t: 
> 
:) 

0 
w 



HORIZONTAL 
VERTICAL 

;;.;;;;;;= :.;;_.;;;.__ MEAN* 

'c 

'11 

,, 1 

t 

·~ ·, 

·~ ,, .;, ~ 

V., ;:, 

V 

• Lf+ ; ...... 
t ·1,

1
•,.,, 

' \ M, I ' l 
f 1-t,r-~-4 
~1f•t\'</.; 

-V) 
w 
w 
0::: 

,· 40 l'.) 
w 
0 -

45 z 
0 

50 I-
::::, 
co 
0::: -- 60 I-
V) -- 0 
0::: 

70 <( 
_J 

::::, 

80 
l'.) 
z 
<( 

90 I-

z 
w 
_J 

<( 
> 

,, .,,. , .. :'.:J 
0 
w 

' !• I·, 
'•. 

,, 
J . 

'A'l:: 
!• 

i::4, 



I 

CXl 

J; 

'· ·' 

100 

50 . 
'• 

' 
, 

' 

20 

1,. 

= ' 
9 

10 . 

,;. 

5 

_,.: 
t • Ir 

,_ 
'• 

¥ ' 
,., 

2 . ' -- . 

< 
--:;..,..~ ".; t 

7c "( :t .. ,. 
' • J ,,, ~ 

~.,,., -. 
1 

100 ' . 

$ 

'-'1',t; 

... /I" ..: .. ~ 
i"ol,, -:;, l 

: -,,:_ \; 

. •. > ,n -It• 'f ,_;r,.\. - ~ :f;;'~ 
~ '· ' ~ .. , ' - ;. ~ ' . 

1203 B HO RN -

____ HORIZONTAL 
_ __ VERTICAL ' 

MEAN * . 
•. , , . 

' 
-

< . •· 

I 

/ -- · ""', ,. ....... , 
.... ,/ 

i,' J:: . .--
.J/1' --

,-:r:;~. 
' ~ . .. . 1: ~ .. 

•O ~ 

;i .. 
'. 

. ... . . .. , . 
l • . > ·, 

~ .. ' - ... 
: - ·,,~ 4,.- ,.,,:;-'-

,._ 
200 500 

.. 
l, . . . 

-;., 

~ a_ "'" 
le 

'' 

1,,. 

/ , 
/ , , 

V 

v· If .. 

_; 

l.1 

..... __,,,-,-

--~ ,,,_ - ~ -~----

r; .. .. . ",..,, •;("' , 
. 

• ' 

.. . 
":' 

1, 
' • .. '; 

lK 
FREQUENCY (Hz ) 

-

•~J.... t ~ .. 
.. -f .. '"' t' 

... P\.:.. . ... - ~ ~ ~-~ ,..,,. .. 
'i"' ~ ,.~ :\ :¼~r}; ,, ~ , ' 

"'i~ ... .,, +. ... ~~ ·t_.:}ii-,o·, ... ~ 

' 
Ii:;"~~: 

. ... 
- ~ 

-

./ , 

_/ 
J ,-

i, 

~· 
---~ 

. 

---__,--· 
~-------

•, I . , 

. ' 

~ ~ - , ~ ~~;• . ·- . , 
' 

. . . ,. . 
tl? .. - "~ J ~· '"¥ ·. } 

.. ~-.. 
2K 

.,.t' 

,. 

1, 

--- -----

. 

,1, "; r .,,., 
'", '· ., . -

5K 

; 

.. 25 

.. 30 

.. 

.. 

.. 

_ .. 

, .. 

• 

,{ 
,:; 

lOK 

40 

45 

50 

60 

70 

80 

90 

135 

180 

,--... 
Vl 
w 
w 
a:::: 
0 
LJ.J 
0 

z 
0 
I
::> 
co 
a:::: 
1-
Vl 

0 
a:::: 
<{ 
....J 
:::> 
0 
z 
<{ 
1-

z 
LJ.J 
....J 
<{ 
> 
:::> 
0 
LJ.J 



-,. , . 
.. . . ' 

1• 

: .. 

·r~ • 

I 

'-0 

100 

50 

20 

-a 
10 

5 

2 

1 

: 
' :i;:: 'f,,. ,p-. 

~ 

·, 

'""' , 

' . , 

i 

- , 

; ' 
. , - ,_. 

,, . ~ 

100 

,,._ J ,J" • 

,' 

.... ,. .... 'I"!'> - • ~ .... ~ .... 

~ '"r- ~ .. ~ 

"l '• • •• -.. ~ I 'ti ,. .-G,!.; .... ~~ -., I l. {., . 
... 

•. • i';_I :~.!!'I ·~ '• ' t 

~- ' 
., ' 

' ' . . 
' .. . ~ 

811 B HORN 
..... •• ..... .. ~ 1 .. ~ol;; ~ . ., ... 

' . '" . ! 
" 

----- HORIZONTAL 

-- VERTICAL 
MEAN* 

__,,,, 1...----

v-· ,, 
/ 

~ 

', -----~~- ------------ ,~ -=--<"" --, ,,,,,-- --,, 
~ 

~~ 

' 

200 500 

,, . ' 

/2 ,.,... ,,. 

---~ 
, 

/ , 

~ 
✓ --

~-

lK 
FREQUENCY (Hz) 

,,. 

' ,, ' . ' ' 

2K ~---- - . 5K 

-· -

--· 

a 

-25 

-30 

-40 

,......_ 
V) 
w 
w 
~ 

0 
w 
0 

45 Z 
0 

• 

-

• 

-

50 

60 

70 

80 

90 

135 

180 

lOK 

I
:) 
cO 

~ 
I
V) 

0 
~ 
<( __. 
::J 
0 
z 
<( 

1-
z 
w __. 
<( 
> 
:::) 

a 
w 

I 

' 



0 

= 
9 

lK 
FREQUENCY (Hz) 

-V) 
w 
w 
e:::: 
0 
w 
C) .._,,. 

z 
0 
I-
::> 
a:l 
e:::: 
I-
V) 

C) 

e:::: 
<( 
_J 

::> 
0 z 
<( 
I-

z 
w 
_J 

<( 
> 
::> 
0 w 



T 

•, l 
••• ,,. . .. , 30 

, 1111 

'i ' .... ,. ..--. 
~ ' 

.. " ., V> 
1• LU 

\• : LU , 
Q,: 

i'\ 

40 0 
;! LU 

I~ / • I' If 
,1o,, >.' C .. \ 

.._.. 

( ·• 45 z 
I• 0 
• I , 50 I-

:::> 
co 
Q,: 

60 I-

------ V> - C 
Q,: 

70 <( 
...J 
:::> 

'1,- ~ 0 .. I~ ~t.. I ., 80 z 
<( 

90 I-

z 
LU 
...J 
<( 
> 

.., I,, :::> a 
LU 

135 
,, I ~, 

i...t'"·· '< ., ,At, ,S ... 
180 .. 

' ' ,, •,,"1':~'lr' . 
' .; 

f ~,. ,, .. , 
r- f l· ' \ ' , I ~ f,~l , 

' 

lK 
FREQUENCY (Hz) 



N 

100 

= 
0 

l 

. 
i ,; 

' 

20 

10 
I, 

1, 

5 

. ,. 
lfl 

.. ~ 1, 

r 

I 

l 
100 

.... 

J. 

: 

-

' ' .. 
J:'-,, ., 
' .. . .. 

·-

,., 
' ' 

I 

'• lj,,,. I 

... 'f 1' 
' . 

~ I • • 

'· 
, •; ' •' .. 

. 

311 - 90 HORN 

.. 

---- HORIZONTAL 
____ VERTICAL 

MEAN * I 

' 

I 

-
~ 

.,,, 

-

. ' ~ 
, 

!· ! ~ ;, ~ ,. '• : ' " ,. 
' ~ 

' ,. 

~' 
' ,-, 

• ' 
, . '• 

• V 0 ,t '• 

200 

•· .. ~ --
.. . 

I, 

., " - ,. 

I , 1-: 

J 
/ 

/ I • 

.. -- - -L _.,.. I ..... ..._ 

_,, -- , _:::a., 
..... .., ' ~ ,, .. ~ ... 

~ ~ 

/ 
Ill"' 4 ,., 

l/ ·_/r 
~ --

V I/, 
V' 

' 

I 
, .. 

' •· 

, r 
~ ... , 

500 

., t ; ' 

1-· 

I:·, 
'' ., 

' ' 
~ 

~J• 

l; f¥ ,, 

lK 
FREQUENCY (Hz) 

; . ( ... ,;,<: ' t )'; "-t \_ ~.. ,1 
i:;. -1. 

•' . ' . 
-

/ . , r 

/ , . ,. 

/ 
✓ / I " 

V" V 
/ 

V 
,_,,,,., 

- ~ ----.. ~ _.,,. -
-""'- ---~-

'. t 

• 
I 

,, . 

'" '' 

, .. 
' , 1, 

,, ' 

2K 5K 
l MJM ff' ~ ,, , tt i., 

=". ,'tjftl!;!}~.; '.1~A 
,i ( f ., ~ 

I 
l,I 

I 

.,, . ,,.-

I • 

-

" 

I, 
I 

J 

, . 

-25 

~ 30 

'"' 40 

i,. 

-

-
T 

.. 
~ 

t 

45 

50 

60 

70 

80 

90 

135 

180 

10K 

-V) t· w 
w 
e::'. 
('.) 
w 
Q 
----z 
0 
I-
::) 
co 
e::'. 
I-
V) 

Q 
e::'. 
<( 
_J 

::) 

('.) 
z 
<( 
I-

z 
w 
_J 

<( 
> 
::) 

0 
w 



' ' , 

' ,· 

= 
0 

w 

:i'= -

' ,,_ 
i4' . 

·-._ 

' 

'cS, 

. 

20 

10 

5 

' 
r 

2 

St . ~ . . . ., .....,, 
~ .... " . 

,. . ' ~ • ... ;-~ ... 1..... ~ ' . . .. . - ' ·' , . 
L.~ ,-::f •·• ' 

• ~ .,.,._.,,,7.....-L ., .. . . .... ,. . ;,,~ . 
329 A HORN - r.n .. ......... ~-- -

' . 
T.,f:'!t 

-.; 
,..,. ·~ ---- HORIZONTAL ; 

--- VERTICAL 
MEAN * 

, -----,,, 
-

~ 

.,,,,,-- ' /, 

·-" -----. 

-

. 
~ . 
~ 

' t. ... ' 

' - . ',,-- :'>: j ,n, . - --~ ~ ' .,;_-->- ' 
. 

< 

500 
. 
; 

\_ ·, 
I 

. . t!i'-:;,. 4 . •- 7td .. 
' - . . . C _,. . ' ' 

., " 
. -. . ' . . ' . ' . 

-
"' ' 

~ - ".. 
' " - ~ 

' 

,,,.-,,---,-
/ 

r , ., , 
V , 

/ ~- / ' 
' , 

,. i---. I .1" 

' ~- f ,, .. .. ... _,-' / ~•' ' ~--~ , .. ... ~ .. , 
~~ ... 

... 
/ I ~, ~ 

irr 
..,_ , 

. 
,, ' . 

1, , 

lK 
FREQUENCY (Hz) 

..,;i.,. 

' 
, __ .. ~ 

If- . 

2K 

, 
~ 

. 

/ 

./ 
, 

~ 

i, 
V C..,,, ..... 

~ 
i, 

,,,,, .. 
,,,,, 

/ 

·, 

. 

5K 

•, . . . .... r 

-
[,.-

v· 
.. , -

:.....-• ,,,,,, 
/ -.,. .,. 

"" 

-

-

-
-

25 

30 

40 

45 

50 

60 

70 

80 

.,-.. 
V) 
w 
w 
Cl::'.'. 

0 
w 
C 

z 
0 
I
::> 
ca 
Cl::'.'. 
I
V) 

C 
Cl::'.'. 
<! 
_J 

::::> 
0 
z 
<{ 

90 1-
Z 

135 

180 

w 
_J 

<{ 
> 
::::> 
0 
w 

lOK 

'· 



SMALL LOUDSPEAKERS IN 
MINIMUM ENCLOSURES 

"" -~ . ..:.,_~...:.!-405 A ,,,_-
___ ...:::.._ 409 B 

755 E 

lK 
FREQUENCY (Hz) 

30 

40 

50 

--V') 
LU 
LU 
O:'.'. 

0 
LU 
Q -z 
0 
1-
:J 
co 
a::: 
I
V) 

Q 
O:'.'. 
<( 
....I 
::) 

0 
z 
<( 

90 1-
Z 
LU 
....I 
<( 
> 
:J 
0 
LU 



IN 612 A 
,. 
' .J,. 

____ HORIZONTAL 
30 

-- VERTICAL 
~ ~ >- ~ '{': . ' ,, 

~ :·; ., ... ,_ ,•< 

MEAN * -· '!"C: -/, .'.) :·~ ...--.. . . ,. 
. -.-, t- .... ~ -~/'ll 

V) 
LU ,, 

• f ll"J ~~ ·~ LU 
Cl:::'. 

~ ..... ;;,: ... .. .,,. 40 0 
LU 

•';. ' -~ ... ~ ~ -· 7 '"'--! .- ,..,,,, .... !---~, (- ' ~ . ,,#, 0 
v __ 

,..,- .. ~-~ 
45 z 

0 
50 f-

::::> 
al 

~ ,, 60 f-
V) 

0 
Cl:::'. 

70 <( 
u, _J 

::::> 

80 
0 
z 
<( 

90 f-

5 
z 
LU 
_J 

<( 

> 
::::> 
0 
LU 

135 
. - -·. ' 1 

~ 

J' • '"· 180 
'" ~;j..l ... 't .... ~ '• ,.,,. >-.,¥ .... 

'!· • ~ ... 



.. 
,;i,;. '. .r 

~ ~(.a. 
)f; r\. ~,. .. • .. 

100 
, ' . . , _;~ . ~ 

' " ~ . . . _, . . 

604 E IN 614 A ENCLOSURE 

50 
. ____ HORIZONTAL . 

--VERTICAL -~ . 
, . . 

MEAN * 

,, 

20 

= 
0 . 

10 
-

~' 
✓:.,· 

5 ' / ---~ - -:/ ,....,:--1/ .J', -
' -, .,,:/ V " ~ ./ 
.. 

~~ ----""-i >..C ... ~·--

I• ~. ,' 
. .. , 

' V 
~ 

2 

·,, p 
' ; , ..... : < .. 

'. 
le._ 

-~ .. 
I;\. 

. 
~1 . ,.. ,. . . . "f :> ... -. ..... , -, . . ., 

\ · . , ~ .. __ ,.._., ·, . . 
"' .. r 

~ ~ 

. - , 1 
100 200 500 

. , 
~ 

~/ 

.. 
7 

. 

- . -. 
.. . -

11• ... ... l •C. . . 

' .,,,,..,,,,. 
---.,,,,. ~-loo ~~ 

.. , -'~ _i., / 
I,~ "' Ill"" 

. 

. 

. 

' ,, 
• .... ...., 

' . 
~ 

-

-

---,· "" . , _, .,,, _ .,,., 
-,· 

... ~-= 
i----- ~ ...... ---

' -

.. ,., 
' > ' 

'' < 
, . ,. 

';,,. ,·J 

. 
lK 

FREQUENCY (Hz) 
~ ct. .. ,l·.,: 2K .. ,., ~ 

~ • > . -
.... f -:.· 

., 

. 

-

---~, 
' 
, 

~' , _, ' 

~ 

' , 

5K 

1 .... ~, 
/"' 

,,,, 
', -

' '"' 

..~ 

.. 25 

""' 

.. 

-
-

-

• 

~ 

t 
: 

30 

-
40 

45 

50 

60 

70 

80 

V') 
w 
w 
e::: 
0 
w 
C 

z 
0 
I
::> 
a:) 

e::: 
I
V') 

C 
e::: 
<!: 
_J 

:::> 
0 
z 
<!: 

90 1-

Z 

135 

180 

w 
_J 

<!: 
> 
:::> 
0 
w 

....... 



50 . 'f "-

,~ ~ 

~ . 

20 

= 
0 

10 

5 

2 

._ 

e 
' .. 

i'l,Jff~";f;\ ,... .. .._ 

9844 A SPEAKER SYSTEM . ~. ' --~ t ",<t.,... ,. 'I 
~ ..... ;,. ,. 

,"'. ·_'. ,"-::._ __ - HORIZONTAL 

- - - VERTICAL 
- ---- MEAN * 

,ii' ... , 
I 
• . , 

I 

--~---

_ ..._ 

.... 

t--+--t----f--l lf-=--:o. - - --+ - - '-- 1--- - - -------1---------1-------1-------+---'--~- '--_. 
' ! 

•· 

i- 25 

-30 

-40 

/ 45 

-----
... -

---- -50 --------/ 
.,.,. 

60 -, 
I/ ----- ►- ..... _ l...--" 

. 

' . 
/ I/ ~ 

___,. 
70 ., 

/ , ,I --
1 .. // 1,/ ' _ .... ,-..... _ 

~ - 80 ~, 7 -

/ / -90 

;/ 

-135 

,-

r------J------+----1-----l-----+---+-----4--4---+---1-----+---'----+-------+----+-----1-----1--+--+----l----l •- 180 

,' 

•--= -- ' 

200 500 
~ ~ .. 

'1 , ... ,. 
-t I,: 'r .... ~ ,,,. 

•r ~ .. ... ,,. ., 

~I; ,-~ 1•• ~ ~ ~~~ , 
,._t .. ~~ ... - .~ ... ~ :-rlf 

~;? .,; -r. •., 

lK 
FREQUENCY (Hz) 

, .. . . 

5K lOK 

. '., 

,-... 
V> 
LJ.J 
LJ.J 
Cl:'.'. 
(.'.) 
LJ.J 
0 .__... 

z 
0 
I-
:::, 
co 
Cl:'.'. 
I-
V> 

0 
Cl:'.'. 
<( 
_J 

:::, 
(.'.) 
z 
<( 
I-

z 
LJ.J 
_J 

<( 
> 
:::, 
0 
LJ.J 



9845 A SPEAKER SYSTEM 

(X) 

lK 
FREQUENCY (Hz) 

40 

50 

...--.. 
V) 
LU 
w 
a:'.'. 
() 
w 
0 

z 
0 
I
:) 
ca 
a:'.'. 
I
V) 

0 
a:'.'. 
<( 
_J 

::) 
() 
z 
<( 

90 1--

Z 
w 
_J 

<( 
> 
::) 

0 
w 



100 

825 B ENCLOSURE WITH 515 B 
25 

HORIZONTAL 
u• 

VERTICAL 
' 30 

AVERAGE .,_ ,-__ I ..... """"""~ ....._, ... .. ~· -V) 
w 
w 
Cl:'.'. 

l 

' 
40 0 

w ~- •' y 0 . ----
1 ... --

. . 
~, ~-~ < 

45 z 
0 

'' ' 50 I-
::, 
c:o 
Cl:'.'. 

60 I-
V) 

0 
Cl:'.'. 

70 <t: 
...J 
::, 
0 80 z 
<t: 

90 I-

z 
w 
...J 

<t: 
> 
::, 
a 
w 

135 
~, ·, 

, ..i.:: > " 

r 
~ .. 180 

'. .. ~· -., le 

' ~' i! 
• C 

• 
~ 

.... • i f"r ·, 
•' t .• 

• < ~ ' ' 



I 

N 
0 

100 

50 . 

20 

= 
0 

10 

. 

. ' 
... 

, ' 
•' . 

5 

,~ 

2 

' 

l 

,, 
. 

~ a . -· ~ . . "' -. ~ -\ -•-:-,.•' .. r ,~ 
- . 

825 B SYSTEMS (HOR IZONTAL) 
500 Hz CROSSOVER 

t ____ 825A + 203 A -- __ 825A + 803 A .. 
825 A + 1003 A 

l a 

---. i.- 1------__ _, 

--r ,,,- "' I': 1,_ 
✓~ i.--~ I ·--~/ ~ ' 

i---

i // 
V 

V 
~ 

~ 
' 1 . ; 

. 

"' I• .. ,., ,. 
~,~ .. 

(" . 
"· 

. 
~ , -c, , ' .. ,:,., . 

200 

I J , 
I /J" 

I.' I 
l' . ,1 I 
'f/ 
• 
,, 

-

,,. 
Ir,. -- , . 

,'j..$ 

·$ ·---. 
500 

'" ... 1111,,,. 

............___ 

' 

-

ll 
1, 

,. 
~ 

!- 1,· 
' .-!, I, • 

. 
he -

, ... ,, ·• '.I ' lK 
FREQUENCY (Hz) 

', . 
' . ' --

. 

_ ; ,,,,,, 
- _,, .. " 

---· i.-- ~- · ... .,.- • - ... 
~ 

~ .... 
~ --~ 

~ 

- ' 

1:"), ," ' -,, . 
- • ~:.!'>" .. ,,, 2K 

.. .. ' 

,,- -· --,,,, ., ,,, 

-- -i.--- .,. 

..... -

. 
; 

5K 

. 

·' . . 
·' 

""2 5 

""3 

.. 

.. 

.. 

.. 

,.. 

I~ 
~ 

40 

45 

50 

60 

70 

80 

90 

10 

- ~ 

V) ... 
w 
w 
~ 

<.'.) 
w 
C --z 
0 
I-
:) 
co 
~ 
I-
V) 

C 
~ 

4'. 
_J 

:) 
<.'.) 
z 
4'. 
I-
z 
w 
_J 

4'. 
> 
:) 

0 
w 



_: 1\ ' 

e.:ij•~ . 
I> ' ~,; ~~ 
,:!,',-

-l i.,~, 

I, .,.. 

l' 
~"1' 

f/'f·~r. 
~~· 

•· 

., 
, ' 

I 

N 

= 
0 

50 . 
., 

20 

10 

5 

2 

'. 

, .. 

- . 
1 

" 

':!h' 
j• ·~ 

A7 - 500 (511 A HORN INTERNAL) 
110 11 dB H.F. ATTENUATION ll..lfr1~•ti:;;_·' -i----C.i-:r-f' ":_•.:,:'f'::..!'S::_o'_;::''__:'C=:--t __ •_!,:...__+_-.:__'_'•-+--- ---+---l--~f--t--.l-~~__J 

• 25 
1-rr-t-1t--=---t--+-~ .. --'-+--t---+----!____j~l-J_J 

··~ ~ --HORIZONTAL 
"' -- VERTICAL 

MEAN* 

/ 

/- ........... 
)" 

L-, 
/ 

1. 

.. 

-30 

... 40 

45 

la 50 

-60 

70 

80 

- 9 0 

- 1 35 

,--,---t----t--t--ir-+-t-t-t+---+--t----+----+---+--~LLLL1ao 

,,:. {. 

200 
I --

I, •• 500 lK 5K lOK 
,•~. FREQUENCY (Hz) 

' ,.. ,. ~ ...... 
,. "'"" :) .. '!" 

'• 
, ~ . ,, ·. ( ,,,. 

, < 

.,, 

--V) 
LU 
LU 
0::: 

0 
LU 
0 ..__. 

z 
0 
I-
::) 
a:i 

0::: 
I-
V) 

0 
0::: 
<( 
_J 

::) 

0 
z 
<( 

I-

z 
LU 
_J 

<( 
> 
::) 

0 
LU 



----HORIZONTAL 
____ VERTICAL 

=------ MEAN* 

~--

45 

50 

80 

~:.. 

10K 

-V) 
w 
w 
0:::: 

0 
w 
0 --z 
0 
I-
:::, 
co 
0:::: 
I-
V) 

0 
0:::: 
4: 
....J 
::::, 
0 z 
4: 
I-

z 
w 
....J 
4: 
> 
:::, 
a 
w 



N 
(.,.) 

100 

. ( ., 

ONE UNIT 814 A 
GRADIENT SPEAKER 

\ ~ 'r-/' I. ... ,, ,,,_, 

jlt It'\ f 

:·, ... ~,~/L"fft'°' j/ .. - ,11-: ~-''"': ... •"-',.,to!....., 

,, 

. ' 
,~. 

,. 
1 I'" ♦ I 

· .. ,,." ,,'t 

' < I • 

- ' 

lK 
FREQUENCY (Hz) 

Ii~ 

• !! 

' ' .. 
,/ . 

,. 
,I/ ~t'... • ~ • ' ' ' •· 

' 

30 

........ 
V) 

w 
w 
a::: 

40 l') 
LU 
0 ..__.. 

45 z 
0 

50 I-
=> 
cc 
a::: 

60 I-
V) 

0 
a::: 

70 <t: 
--' 
=> 

80 
l') 
z 
<t: 

90 I-

z 
w 
--' 
<t: 
> 
=> 
0 
w 

135 

180 



= 
0 

I 

~ 

..,. . .,,_ 

'! ~ ~ 

50• 

20 

10 

5 

TWO UNIT STACK 814A 
GRADIENT SPEAKER 

____ HORIZONTAL 

---VERTICAL 
-----MEAN* 

r 

, .. 

_,,,,,, 

-·· 
.... ~ ~' 

.. , , ' 
' f~ At .. , .... 

, ... " .. ,; .. .. ?""'c,°i-"'~ 
r, 

, . _: ... .'i~J!< 
. 

< ' 

.-25 
;: .. ·~ 

' 4'._ 

··:~ 
• il' 

,-3 0 -: '!Y·\, 

-V) 

w 
w 
0,:: 

""4 0 
(.'.) 
w 
Cl 
-----

4 5 z 
0 

""5 0 I-
::::> 
co 
0,:: 

.6 0 
I-
V) 

Cl 
0,:: 

7 0 <( 
_J 

::::> 

8 0 
(.'.) 
z 

, 
I 

a 

I 
..,,.,,,., ,":L-!-l-+-l-----t--+---+--t--t-1-1T17 ~ ~,, . ""9 

<( 

0 I-

z 

____ .... 

..... ~ _,, 
_,_.~ --

-1 

" 

w 
_J 

<( 
> 
::::> 
0 
w 

35 

2 L~-t---t---+----+--+--1--t-+-+--if'.- " ---:--+--t---f ·___:7-,-----=·r-11TT 180 

·. , 
i 

> 

' ... ·, • . 
' < . ~ ~ ,, . 

100 200 
,-,; . ' { {--

- ; 

500 

' ;··, 

lK 
FREQUENCY (Hz) 

, . 
,, . . , .. 

2K 
-r 

•• r ~ 5K 



..... 
~... 100 
~ 
~'ti.· .• 
;~ _._ i 

..._,.-:- :.."'.-:..X-~-

•"< A 

"" '¥>-c• 
. ~· -~~ 
~ ( ,,~ ... ~ . ... 
.j 

.. ~-,."PJ. ~'-\ II 
,· . ::.-~ ,,,.,.,,~ •.. ·~ -' ; 

' . 
~ 

. ' 

' 

20 

= a 
10 

5 

2 

' . 

' . "L~.~ 
, .,. ~ "till( ..;,"" 

·'-

. . . . 

FOUR UNIT STACK 814 A 
-J- -

.. ., 
GRADIENT SPEAKER 

' 

•. 

- - - - HORIZONTAL 
-- VERTICAL 

MEAN* 

.... -----_ __,_, ,, 
,,,,,,--

,/ .., , ,,,,,,, 
~ 

/ / 
~ 

, 
~ _r 

,/ -~ 
~ 

, 
... 

,/' ~ 

~~ .4 ~ 

~ , 
---~· --

. . 
' , 

''$ 
; -~ 

-~ I 
.. 

,., . . 
"" - -" 

2 ~- --!-~ 

!I'., .. ~, 

. ' . . . 
, -

~ 'rfi .. ' ., 
. -. 

.. 
' -1-~ . .,,_ ... ' . 

.,-~-

~ ~ 

~ -~ 

I, . •, 

, ....... ' ; ,. . . • < ~ 
s. ' . ·~ ,; ' ' I' .. . .. , < ., . 

f .. 
5K 

'~ 
, 

. ~ 
I .... ~ 

~ --. ": . ' 1"1'..,~ .. '- · 

. _)' 
,. ~-.. ~ ' 

. 

.. 25 

-

-
.. 

30 

40 

45 

50 

.6 0 

7 0 

8 0 

..--.. 
V) 

w 
w 
ac:: 
0 
w 
C 

z 
0 
I
::> 
co 
ac:: 
I
V) 

C 
ac:: 
<( 
_J 

:::> 
<..') 
z 
<( 

..,9 0 1-
z 

•13 5 

18 0 

w 
_J 

<( 
> 
:::> a 
w 

l0K 

/ 



~ 

< "' " . 
HORIZONTAL ... 

VERTICAL 
MEAN * .,, 

"I"~ >c" 

,; 

4.~ J: -
' 45 z 1 .,\ ~ .. 0 ,. . 

50 . I-... ,. ::) 
co 
a::: 

60 I-

"' 
. .,. VI .... ,!; 

ti" ....... ~ ' Q . .,,. ,,·{ ., -,t 
J"" .. ,I a::: 

~ 70 <( 
...J 
::) 

J. 80 
l') 
z 
<( 

~ 90 I-.. z 
LU ., ...J ., 
<( 

1,..'"':._< > 
} ~, ::) 

0 
LU 



60 ' 
300' 

80 ° 
2so0 

90° l=-.,....+~- - -
2700 

100 ' 
260 ' 

110° 
250° 

120° 
240' 

ll0 ° 
230° 

140° 
220' 

r .-

_.i ,.., -~ 
• v• 20 ' 

340~ 

.. 
' ~~ l· 

-"';> 

10° 350 ° 340 ° 330° 
350° 0 10' 20° 30° 



--

,· 

._,/~ 



., ' . 

,,. , 

,, 

•> 

40 ' 
320° 

50° 
310, 

·-

60 i 
300· 

80' 
280° 

90' 
270° 

100" 
260" 

110° 
250° 

130° 
230' 

,, 

30° 
330° 

20 ' 
340' 

____ 311 -90 
_____ 511 A 
________ 811 B 

........... ········· 311 - 60 
329 A 

10 · 
350' 0 

180° 
180° 

3 50° 
10° 

190° 
170° 

... 

340 ' 
20° 

330° 
30• 

320° 
40° 

310° 
50° 

300 • 
60° 

290° 
70° 

280° 
80' 

270° 
90° 

260 ° 
100° 

240° 
UO' 

230° 
130° 

220° 
140' 



.J.• :.... 

100 
350 ° 0 350° 

10' 

210° 
150° 

270° 
90 ° 

260° 
100° 

240° 
120° 



100 

50 • 

-I 
CD 
n 20 :, . 
' CD .... .... 
CD 
""'I 

I',) = 
0 0 
I = 
► 10 
► c.. 
c.. 
CD 
;J 
c.. 
C 
3 

5 

2 

1 
100 

9846 MONITOR 

--- HORIZONTAL 

-------', -

200 500 

~· 

----4 -~ 

~ 

I , , 

... ~ 

-

lK 
FREQUENCY (Hz} 

--- -- - - -- ·-

.. 25 

-30 

,.-.. 
V) 

w 
w 
a::: 

40 l'.) 
w - 0 

45 z 
0 

50 f-
::> ~-L.. 
c::i 

a::: 
60 f-

V) 

0 

~" . "' "" ,,,,,,,,-
a::: 

70 <t: 
.....J 

::> --• ---_, 

--- ~, 
80 

l'.) 
z 

,, .... _ _, 
<{ 

"' 90 f-

z 
w 
.....J 

<t: 
> 
::> 
0 
w -135 

=- ~ -- - - 180 

, 

2K 5K lOK 




