}f--"?'.}f&am 507 that “for- smgle-channel opera*
tion; the' audierice receives an impression
~that it is listéning to a reasonable likéness .
Clof the z:srigmal soumi “This hay b&en'_._
"Pﬁmteci outiin a: paper prevmusly pres
- sented before the Society.t This steady -
"_-’f_'-_.'f:'_"miprwemmt $ich perfarmance has b&en'--_;
- achieved largely: by technical advances -
-'_-:1'.:'~."--m&nts int the design of driver units and in
U the case of the: EﬁwufrﬁquenC} speaker
by the- r&pf&ﬂ&ﬂi&ﬂt of fs}’ided h:}rns wath ::‘_ o

::.':_f_'_'jﬁhi}r{ front-loaded Horns.-

CooThe s advent {.’}f sterﬁcphanm and
-f_}'i':_-'f:;paﬁudﬂst&rﬁ:}ph{m1{: prﬁ:ﬁﬁnt&tmn in t!*zf:'-’.i_'_;
. theater hag introduced new requirements -
_;'_':;Efi'j-f%_whmh caﬁ fm ‘al re«exammatmﬂ of louds

. speaker - performance.?. )
o presentation; e*-:{:cptmnaii} uniform dis- .
o tribution of high frequenmes is partn:ﬂ
rylarly desirable i order 16 obtain-a
pealistic: auchtory perspective.

_3__.i._"_'-."f-'_'speaktxﬁ ‘have:a high- fr&qu&ncy distri- -
2 bution: ‘characteristic which varies miate-
-~ rially: with' frequenc} or if there are'siz-
o 3?} Y lﬁtel chuﬂgﬁg over thf: angie c;f d;gu e passmg thmugh thf: array.

" tribution, the localization of the apparent
. source’of scunﬁ will a;;pear to be d:ﬁ“erent |

| "f.'ffrﬂm various: pmnts in an auditorinm.

.:_'_--mﬂchanmms ~oodns approaching o this

problem, it wis ___al_‘bltraﬂl} decided that;j_:_: |
'Q-f.f'-_*-""“*"ﬁ tYPﬁﬁ ﬂf;__ :_:mts_ Dﬂﬂ havmg 59¢ ami:_.-._-.j__' an m&ﬂ nf refraction of about 1.2 thch-:_:.i“ |
SRe N0 ... provides a.horizontal-distribution angle

of 50"’ and a slant—apiatﬁ type havmg an

Z:_':_' thf’: permanent-magnez t} pe and prﬂvzdes_l-‘.-
approkimately 21,000 gaus& at the voice !
| The: d:aphmgm is appmmmately

Loy el

t{)ﬂ

.:_-:.;'-:'?&ﬂtl{}n:' at 'washingta ﬂ! B G h? J{}hﬂ G
g Fra}rne(hhc} r&ad thg-pai}gr},hf&atr&x Corp éf’;.e}z -

_-___}f'_Rﬂma; ne-S Hgiiy

y _in Fig 1

“a 64{) A mmropham

“In stereophonic

4 in,
ty pu:ai

tories.d

- Several: types of acguatw lenses haw:
- been described® and. of - these, two are
used = 3 pcrf{}rate:d«chsk type having

- respectively
distribution anwia has

in diameter and 15 of 0.003-in.
'._'-.:-”thick aiummum A
- output eurve of the driver unit is shown
-This curve was made by meas-
" uring the sound’ pressure: at- the sénding
. end of a tube which was filled withalong, -

tapered sound-absorbent - wedge and
-.-'uhich was driven by the hiffﬁmfrcquency e
“The sound-measuring device - was
The results of -
this test. are’ believed t{} be accuratﬁ to
-.,apprmnnattly 9 ke, o
- For uniform  distribution over the

- 'reqmred angles of auditorium coverage, -
- the prmmp}e of the acoustic lens has
- been employed. This involves the use of -
& type of structure which refracts and:f'
-.dwerges sound waves and is similar in
function to certain eiectmmagnetm-wam -
Clenses in that it consists of arrays of
-_'abstaclfzs which are small compared to

. the w amlmgths jovelved. These ob-
If touds 77 stacles create au éffect which is equive
alent to increasing - the effective density
of the air which results in a reduced -
'prﬂpagdtmn velocity . of saund waves
This re- .
duced velocity s synnn}mﬁus with
 yefractive power, eﬁ‘eﬂtmg a- refractive

- index ‘higher than umt}
- Since fidelity in stertﬂphﬂmc incahzau_:_-

'f'_-tz{m is almost entirely attributable to the
| _'_-;?_upper regzﬁtﬂr of the frequency. spectrim,
- the major problem’ is the design 'of satis-
'-_-_{':-factory hlgh-fmqucncy sfoundndasparﬁmg'-_y; .

‘power-

© tances b&mee

metal platfts properly
spa::eci can prawcie similar lens effects .
“and is suitable for lﬂudspeaker apphcaﬂ' -
- tions where ihe- r&qu;rﬁd anglt‘: t}f dxs%rhf}”_‘__.:
- bution is riot excessive, SRR

The theory of .
-~ this ‘type of lens is ably set forth in-a
~paper by Winston E. Kock and F. K. |
- Harvey 0f the Bﬂli 'Ieiephanf: Labﬁraa_ -

- guided

By JOH\ G FMYM;
~and B_--N LOCANTHIL

~index of refraction of about 1.3 which is
- easily capable of pmw{img a horizontal-
- distribution angle of 80°.
- of either type of lens,

By using two -
the hamzamai_
coverage' is: increased to 190° or 160°
In all cases the xertzcala ;
bﬁen set at
appmmmatei} 50°, o

It may be well to discuss brieﬁy thf:
principle of operation of the two types of
lenses Cufrﬁﬂﬂy being use.:d ‘The frst

- depends upon’ mcreasmg thﬂ eﬁ:ﬁ‘ectw&
“density of the “sound-transmitting “me-

dium swithin the boundaties’ of th& lf:ns
Refraction occurs in media c{}nmtmg of

~arrays of individual discrete -particles,

pmwdmg that the part;cfts and > dis-
‘them are - small: “corm-
pared to the: wavciengzh of the: wave
propagation under - consideration: In
other words, if ; an . arcay of smali ragxd_
particles,. havmnf mﬁmtﬂ rnas:: for:pur
‘acoustical cansidﬁratu}n, is set up in

- space, the combination of rigid pamcies' |

:mmeﬁfd in air resu!ts ina riew . medium

| hawng an. mdﬁ*{ nf refraction which' is
greatér than umty - 8ince the: w!ucm

of pr{:paﬁatmn of mund is mvf:rs&iy pru::w-_'.

portional 1o the square rootof the density. .
of the med:um, it will be less through an:
" obstacle array thanin free air. |
ing on the pmﬁiﬂ or shape of. the ob-

stacle” arra§ ;- the. sound Waves- can: be

- focused or dw&rged as desired.” This
| m}staciﬂ-array type of Zf:m i§ hmized for
- praz‘;hcai reasons to an. mdﬁx of refrac-.

tion of abaut I 2. A scnes of pgﬂrﬁ}mteé
-shaped “and

Another method of simﬂﬁg dt}wn a;_.-' |

| 'progresswa wave 8 to gmde it thrﬂugh a -
- conduit or the equwalent which provides -

a iﬂngﬂr path than that’ uhich thﬁ un«-'.f "
wave wcuki nc:rmaﬂy “take. -

*Thus, if a4 series of parailel plates of

varying length are: tilted at an angle to.

. the d;rectmn cf prcpagmﬂm a de;iay ‘*’“H

P - BAQAATCHARACTERISTIC et i
) L L 5 SNt RNl W .._:‘1.* ik
ROE ¢ SRR
A-Reis el B
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Fig. 2. Front view of T551A acoustic lens assembly.

“be. ‘produced: since the waves will be

":-'.'far::ed to traverse the. lﬂﬂger inclined .
| Ttis thena: ‘question of shapmg -
" the. p}ates tﬁ ‘obtain ‘the ‘desived type of -
| The effective indeéx of res .
" fraction, n, can be shown to be. ‘equal to
- 'the réciprocal of ‘the cosine of the angle
" between the slanted piatcs and thf:: divecs
~Insach
path-iength devices; n refnaing constant
“withfrequency toa pnmt where the plate

< “lens. action.:

don of the anmrnmg wave.

_. ,_ﬂ._'cpacmg appmathcﬂ 4 haif-waveicngth
and an-indek of - refractmn up to 1.5 is
_.'-_.j:-.readﬂ) achzeved -

-7 Flgure 2 shows *.mch a I{:ns des:gned

tﬁ give: SG*’ of coverage hcr:zantally and
50%ef coverage in the vertical direction,
" To obtain this type of cov eragc calls for -

abicy Imdnca! lens which is obtairied by
i sha;:am ‘the ‘individual piatﬁs m accerd— -

:"';';_'f-ance with the ﬁ}llowmg
- 'The final surfaces of the rcf ractmg lens
"-'_-__-_are ‘determined cmpirically, -however,

~the ﬁrstappmumauonmvoives thefollow-
“.-ing-calculation . of an apiananc surfacc.,,,
- whichawill: convert a p}anc wave. to a

| ';_-';"-.f:lSpherical wave.,
- Rgferﬂng 1.'{} Flg 3 lct F reprtsent the

"-'-;f-'_'pomt on the axis of thc lens fropy which
rays ‘will  appear. to bhe
r_aé:a;ed “The dzstancc from the curved

Sl rcf‘rauted

""Z':_at_f_:_(m the axis to the apparcnt focal

) frdhnth X

o s represented by f, and ¢is the -
-_ Z__f.-_'-thlckness' {}f thc Ié:ns at thﬁ narmwest
Smce 81 15 p?anﬁ ancl nnrmal to tht:' |

incident plane wave, the incident rays

- are undeflected after tntermg thc first
surface

In order for an mcident ray entenng

the lens at some arbitrary distance, 4,
from the axis of the lens to appear to
. have come from F after leaving surface
&y, the time required to travel from Ftoa -

should ¢qual the time required for an'

“axial ray to travcl from Fto b, Thati 13' -

| f-"“t+ \/{f-%-x)* ?z‘*’-'-f :
.y L'TJ - uo
nft ¥i-_;r)'_l__f--t
U _ ¥y

- which simplifies to.
=it e~ 1) — R =0

which is a hyperbolic surface,
‘These calculations produce an ideal-
ized acoustic lens, the plates of which

. must be modified in shape empmca}ly-

produce the . desired overall resulls.

. E}.p{'rltncc has further shown that cIosmg
- the sides of the plates introduces sizable |
irregularities in the frequency response.
On the other hand, with the sides open,

the plates must be extended Horizontally

the curved edges of the plates to obtain

a smooth frequency ‘response with um-_

form angular distribution. s
The driver unit is coupled to a short

‘elliptical horn terminated in a bicylindri-
Figure 4 shows the -
results of tests made under open-air con-
ditions at 10 kc on the horizontal axis
. 'with and without a cylindrical lens, -
- This gives a fairly good idea of the re-
o fractmg power of the lens. |
* Figure 5 shows the horizontal distri-
butidn' nf an 80° horn assembly at four
~ frequencies as measured under open-air -
Similar measurements of
the vertical distribution are shown in
Fig. 6. The horizontal distribution of -~
~ the same unit as measured on a studio
_sound stage is shown in Fig, 7. Warble
- tones were used in this case and the
curves showri are of the average rcspnnsc..---l
" “The sound- -stage measurements  and - the
‘equivalent open-air mcasurﬁments u:l!_'-'
. be found to be in closc agreement.. = -
B} way ﬂf cnmparlmn, 1*1gs 8 and 9

cal slant-plate lens,

conditions.

show  the

appmmmateiy 259 In orde er o 2 md _ :..
high-frequency attenuation  dug’ 10

low-frequency dvivers.
- horn system, o netiorks are ampl{)ycd
. to couple- two high- frequcncy an& four_
| ,-!ﬂw—f rf:qucm:} drm‘:rs. o

rht Loudvk ‘*}stm |

tnbution of a‘typical 2:X'5 muit:c&liu!at
theatcr--l'ypc hotn, measured under open-
air conditions.. The rather sizable: lobes
in . the distribution . characteristic * ‘are
apparentiy typzcal of this type of loud-
speaker and are particularly undesrrable
for stereuphonm reproducunm -
The 50° acoustic lens emplays thc

principle of the obstacle array in the form
“of perforated. plates.

‘Since the - hori-
zontal and vertical d:stnbutmn anglﬂs are

 the same in this case, a horn havmg a

circular- cross - section is wused.  Figu

10 shows this ty pe of lens.  The: drwer
unit is the same a3 that used with the
80° unit. The distribution cuives ob-
tained vith this unit are substantially

similar to those obtained with the 80°
“lens except’ for 'the smaller angle of
~horizontal coverage.
. the case of the slant-plate lens; ciosmg
~the sides of the perforated platf:a intros
. duces a rise at the upper end of the fre-

‘Here agam, as in

quency response as well as a too rapzd

'- falhng off of the angular distribution with

increase of an; lr;: from the axis of the iens,

_These undemrable factors have  been

corrected . by ‘introducing reztang‘ular
upemngs in the side walls of the casting -~
in which “the perferated piatcs are
mounted. - |

The very low fr reque:nmes of thc audzb!e
spectrum contribute essentially. nethmg'
to stercophonic localization.” The de-
sign prablems ‘pertaining o Iﬁw-fre- _.

“quency-horns aie therefore the same a8

those for- smgle-channcl reproductmn,'

~ namely, the design of the driver unitsand

the cnup]mg behvcen ﬂxese. umts and
their horn. = : I
For the systems undcr dlS{IHSSi(}ﬂ m nji_-_- |

| nw-frequency Hornsystems have: been .
- devclopcd one Cqutppﬂd with tWo dmer-g g

© units and ‘one - with four ‘defver units.
" These consist’ ess&nt:ally ‘of ‘short: f‘mn:tﬂi
for a minimum of somé 50f 6 in. beyond | . N

foaded - horns - “having - ‘efficienci

air volume between the driver daa@phragm -

‘and the horn throat, ‘the ‘ratio of the“_i_'_ :
" diaphragm aréa to the horn-&umat Area

has been kept at 1:1, Inorder tﬁmmr— |
mize distortion at low frequencies, the
voice coils of the drivers overhang. the

" pole pieces by about 20%, A'theoretical |

response curve for a four-dnver, Tow-
frequcncy hom assembly is shown tn |

 Fig. 11

The div.ldl!’.i.g. .nctwﬂrk ‘whlch COuples e

_. the low-frequency and h}ghﬂfrequency L
" horn assémblies to the amplifier output
- has a crossover at 500 cycles: with a.12-

db/octave atténuation on. both sides: c-f' ‘
this point. . The network input and out-
put 1mpedances are 16_ohms. - In: the

 50-w horn system: one” network - serv

to couple one high-frequency and ‘two.
Tn - the 100-w.
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Fig. 7. Horizontal distribution of slant-plate acoustic lens
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hotn - open-air measuring conditions.

A view of a 100-w loudspeaker system
. consisting  of a low-frequency horn
equipped with four driver units and two
. 80° acoustic lens assemblies is shown In
E 12, The response characteristic
Ef}»w loudspeaker system, using two
iﬁw frequency drivér units and one 80°
acoustic lens system, is shown in Fig. 13.
"This curve r&;ﬁrfzheﬂtﬁ a stmoothed average
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raulticell theater

of W&!‘blﬁ*tﬂﬂ& measurements taken on

‘the horn axis on a studio sound stage.

Corrections have been applied for the
characteristic of the measuring micro-
phone and the scale i3 substautially
simmilar to  that used on the charts
of the usual types of snund -measuring
equipment,

Listening tests using program material

RTEOPELEP LR VEEPE LR P VLI RE FPR G S b e D

e e

Fig. 9. Vertical response of typma’i 2 X 5 multicell theater
born — open-air measuring conditions,

have been very gratifying! No low-
frequency resonances were observed and
the high-frequency tones were exception-
ally clean. The horizontal distribution
was observed to be in conformance with
the curves previously shown., When
compared with a conventional theateér
loudspeaker system under A-B test con-
ditions, the new system brought the
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Fig. 10. Front view of T550A acoustic lens assembly.
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Fig. 11. Theoretical & @ .
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apparent source of sound considerably

closer to the audience, thus indicating a

desirable presence factor.
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- John Hilliard (Altec Lansing Corp,, Calif.): Inone

of the slides you showed a round, diffusing-type

botr systém. How does that compare with the

one of the rectangular type?

- Dr. Frajhe: The curves are quite similar over

their - respective design angle of distribution.

T'ot sorey we don’t have a curve on it here, It

was designed for 50° distribution.  At25° off the
-axis the response was falling off,
Mr. Hilliard: By coincidence, I happened to
medsure twooor three of them aad found that
whenever you take the lens properties out of it,
the directional properties increase, that is the fre-
quency response was éxtended and the drop-off
wvith azismuth tvas less than it was with the lens

assemnbly on it. :

- Dy, Frayne: That's not in accordance with meas-
-ureinents shown in Fig. 4,

oo Mry Hilliard: This was a general statement that
" in all cases when the diffuser element was taken
off the progertjes of the two units measured were
improved and these were measured in an ane-

the standard. .00

chni&"'&hﬁ,ﬁi?_}"éfj_‘_\_;*u_f'i?t!'i"';h'f;_ S640AA microphone as
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FREQUENCY IN CYCLES PER SECOND

Fig. 13. Response characteristic of 50w system ~ smoothed
average warble-tone measurements.

Dr. Frayne: T wouldn’t want to dispute your
word, but I don’t think it agrees with our findings.

M, A. Kerr {Bureau of Ships): You said in the
beginning of your paper that the spread of souad
at the high frequencies was necessary for the spa-
ial Hlusion and this work that you're showing
begins at the high-frequency end and works
downward. That would assume that there is a
crossover point where the spatial illusion effect is
no longer necessary, because I dor’t sec any simi-
lar spread in your low-frequency units.  Is there
any critical frequency point or general area where
it is no longer necessary to properly spread the
Iow frequencies? e | '

Dy, Frayne: According to Snow? very poor lo-
calization is obtained below 1000 cycles.

John Volkmann {Radie Corp. of America, Camden,

N.J.): Your paper did not show any directional

characteristics for the low-frequency speaker? ’
Dr. Frayne: No. |

My, Volkmann: Does it match the dicectional
‘pattern of the high-frequency speakers? In par-
dcular, how does the directional pattera of the
combined systems act in the crossover frequency
range? .

Dr. Frayne: The 50-cycle distribution is very
uniforim. The 500-cycle distribution of the low-
{requency speaker measures essentially the same
as that obtained from the lens. T would say that
the performance of the low-frequency system is
guite comparable to any 50- or 100w systent to-
day in theaters. The thing we're wrying to em-
phasize here is the lens of the high-frequency
uns,

Mr. Volkmann: 1’d like to point out that there is
a fundamental difference in the design of the low-
frecquency horn relative to the high-frequency
horn, namely, if [ judge the design correctly, the
fow-frequency horn is designed on a basis of 2
plane-wave progression in the born,

Ds. Frayne: That’s vight. .

Mr. Veltmann: In a straight-axis exponential

horn design the plane wave radiation would tend -

to give a sharpening of the directional paitern
with an increase in frequenty, whereas the high-
frequency horn design, being based on the lens
principle, theradiationwould tend to give a sphec
ical distribution of the sound within its angular
range and there would be, in the crossover ye-

gion, then, a disparity between the two types of

directional patterns. ?
Dr. Frayne: Well, Pve seen curves on both the
50-w and 100-w systems covering the angles we

mention here. ‘There were no signs of such dis-

parity. ‘ |
Mr. Volkmann: My second question iz whether
or not you really desire a spherical distribution

pattern in the vertical angle, where, for example,.
in an auditorinm yon want the same level in the

front rows of seats as in the back rows? Extept

where the loudspeakers are up high enough, isit -
not more desirable to have a sharp divectional -
pattern in the vertical plane in order to baldnte.

the level from front to back more uniformly?
- 1 would like to make another point.  The low-

frequency bora has a very similac likeness to one -
of the models (straight axis} that RCA tested in (.-

connection with the experiments that were Con-
ducted by Douglas Shearer back in 1935 or 1934,

Dr. Froyne: 1 believe the model you were refer-
ring to was a folded-type horn while the present
unit is a short front-loaded horn,

Richard H. Ranger { Rangertone, Inc.}: Tsn't your
premise that the intensity is the most important
factor in initial stersophonic work, directly
fimited to frequencies from 1000 cycles up, be-
cause the human head fuelfl serves as a cross-over

point where below 1,000-cycles phase is predomix

nant, and above 1,000-cycles intensity ‘i¢" the
dominant factor for spatial emphasis.

Dr, Frayner Somewhere in that ﬂtigilbb'tfhf_}i_:!d._. R
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