inity

e Infini
QUANTUM LINE SOURCE

Technical aspects of u’lmctfny essentially flat

froquency from an enclosure (}

characteristic

Sonance peak in the bass) from 16 fo 34,000 Hz,
with the polar dispersion effctivity of a point source.

The goal.

‘The theoretically perfect way of reproducing sound in
axoom is to have a massless point source that radiates.
In effect, such a source could ideally reverse the

of a speaker enclosure, which introduces an impedance
peak, resulting in back-EMF (electro-motive force),
and drastically alters the character of bass frequency

process by which gathered
inthe sound at a point, and subsequently could reissue
itfrom a point. In fact, a microphone playing back-

to the air would do virtually what is

tunately, no speaker the size of a micro-

response.
quentloss of efficiency is subject to the immutable
1aws of Physics and has vexed acoustic designers
for decades.

‘The net result of these factors is that even the
Dest. speﬂken until now, have fallen short of pre-

phone can, with present technol becauseof
i this, khr@c i limit: 1 (1) they cannot pro-
quality m bass

1 d a
of sound all along the sound spectrum, several
radiators are required, each handling a portion of the
frequency ban

‘At thelow end of the sound spectrum, th

£ the
region, (2) they introduce phase discrepancies
tween-various frequency bands of the music signal,
and (3) they are unable to radiate the sound
rum i t

radiators are quite large — woofers over a foot in
diameter are commonplace. Thus, a speaker that con-
tains several radiators takes up a large (mnml area,
perhaps 5 to 10 square feet, contrasted with the 1
square inch or so that the microphone’s xe!\!mg face
oceupied when it gathered in the sound waves at the
recording session. Sound gathered ata point, and

chevn revmdllced from se\'enl pointsovera frontal

In one speaker enclosure, three
solutions.

Infinity Systems, Inc., has addressed itself tu all
of these problems in designing the Quantum Lin
resenting in this sp
solutions for all three dilemmas.
T

riginal,
ofmmy that. sne.km s pdns
fact

— that of obtaining a truly flat
hequency respanse, freo of an enclosure resonance
by

oofer
h

frequency bands of i by

drwen

response
times and mass/acceleration characteristics of the
radiators. Thus, portions of

¢ frequencies.
The second problem — phase discrepancies — has
been

in theirarrival

ears,
‘whereas they should all arrive at exactly the same
‘point in time. The result is blurred transients and im-
Precise staging of the total frequency spectrum.

n addmon, a continuing problem of speaker
design has bee

d by positioning
these drivers pr opmy in relation to the enclosure
and to the other dri
o third peoblem, thatof devlsing a point oucs
radiator, was approached by rephrasing the question :
s k



http://ii.se

then how, usi v

the rippling runs of high

radiators of consi 1
within the fan-shaped slice of

igh the narrow, short pipes of the upper
the

by
listeners ina room, that is identical in polar dispersion
and physical character to that whi
uced hy the theoretically perfect point source?”

keyboard
cholrboy's arm to replenish the chm of air. But the
ls of Bach’

tall pipes of huge diameter ulled for several of nm
ith holy zeal.

comldermon of the amount and quality of the sound

behind the speaker, since the practicality is that
listeners will not be in these areas. The importance of
this rephrasing, however, lies in the fact that, though
the original problem was not practicably soluble with
nt technology, the rephrased version is, by
utilizing the special acoustic properties of a unique

source. It should be emphasized that within the pre-
scribed listening space, a line source is every bitas
desirable as a point source.

ing the three ind
the three solutions in one speaker enclosure, has
produced the Infinity Qunntum Line Source. Within

oly

Similarly, in an acoustic suspension speaker,
increased bass response (requiring more power to
drive the woofer) has always been a corollary of
decreased efficienc

Traditionally in speaker design, if more efficiency
is desired in a system of given cabinet volume, bass

ificed. Conversely,

bass, it has always been necessary to sacrifice
efficiency.

With the concept and realization of the Infinity/
Watkins Dual-Drive Woofer, it becomes possible for

i high sound.

essentially flat frequency response along with high
efficiency from the same speaker. Further, the device
effectively eliminates the reproduction of the

the most advanced limits o this

with i

)
the original recorded auditory material within the
angular limits of the sound focus (180° horizontal
polar dispersion from the frontal plane of the
speaker).

‘The respect in which the Qnmmm Line Source

fails
Sha S WhISh O Lo Niteon ard pl.u:ed All
echoic qualities contributed by the listener’s room are
in addition to those impressed on the recording ;
therefore, with this extremely accurate reproduction
2 i o 4 ¢

ing session, room-acoustic contributions create error.
All these factors are discussed in detail in the
following paragraphs.

Efficiency vs bass response:
a solution to the dilemma.

Newton's third law, f-mnm mnn beginning phymu

effect

Low bass response and
"Hoffman’s Iron Law.”

i
suspension woofers, transmission lines, bass reflex
designs, and a variety of new materials and processes
have steadily improved power-handling uplbilities
nnd ‘midbass smoothness. Low bass fr

nse, impulse response, and distortion vt
-m.mc.nny improved.

Infinity created the servo-controlled woofer for
the state-of-the-art Servo-Statik [A. It has almost
incredible bass performance, responding well under
the 100 Hz level, but requires a servo amplifier to
operate. This system is extraordinarily expensive, and
is, therefore, not the most desirable solution to the
problem of powering low bass.

students, states that “F =
times Acceleration.” In np:akarurm!. this can be
ted as follows: high

Altering of ac
ventional, closed-box system is not a workable solution,
ellher. ‘Hoffman's Iron Law" states that above

rapid he air, in which
move extremely short distances. Low frequencies
require slow vibrations of the air, in which the
‘molecules move long distances.

of a bass system, E, is equal to
the uy!um s resonant frequency, f,, cubed and multi-
plied by the enclosure volume. Thus, E= (f,)’ x
enclosure volume.

Thus, the high-pitched whine of  mosquito The relationship implies that to raise efficiency
P { demand) and still maintain flat
inseet’s igh s iny di lruluem‘.y i raise the
However, the bass “thrum’ i the
propallors requires several )nmdred horsepowerto omre . Obviously, there are severe practical limits
imilar] as 1
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to tolerate,

igth=Bl, where
‘home uses. B=magnetic field strength
‘The other approach, increasing the flux density 1=length of coil in the magnetic field.
of i doesnot Bl product i
work, either, as shown in Figure 1: different way. He reasoned, suppose | could be, in
offect, varied with frequency in such a manner thata
Figure 1 Tower value of Bl in one frequency range would not

effect a higher value of Bl in another range and vice-
versa. Watkins, at this point, began to see clearly how
tosolve this enduring problem, and also how to embody
itinaloudspeaker system.

The lnﬂmly/wathns Dual-Drive Woofer

‘A second voice ofl is wound over the conventional
LRC

the woofer in the enclosure. In addition, it can be
‘shown that if the main voice coil can be disconnected

T N e ——— o occurs. This can be accomplished with a parallel LRC
The “Seo-Saw Effect. If the motor fs too scaall i resonant cireuit in series with the main voice coil.

a given speaker enclosure vetume, effciency Ialov and —

there is a bump in the bass; conversely, if the motor il

is too large, efficiency is gained but bass response is
reduced. (This also points up the fallacy of assuming
that
response in a speaker.) As can be seen,
efficiency and bass response. muhuvved onw witha
‘motor which properly balances the two opposing
see-saw characteristics.

Figure 1 shows that the effciency and bass fre-

iven
size hox and the motor effclency dictated by this
parameter. In other words, if more efficiency s
desired, bass response must be sacrificed. Conversely,
to obtain more bass, it is necessary to sacrifice
efficiency. This fact is well known and all high-
efficiency systems (other than horns) have very lim-

xtended 7. This e i
18 otie of those tmmutable Iawe of physls,  The conclusion, then,is simple. With proper
16T be st by Ecanilalig Flguro 1 hab s designof nductor Liand capacitor C, the LRC circuit
optimal bass response with none of the limitations

e § ot resonancetoectvelyremre the scondary vlee
Dy (it onlay sewlas coil from the current. Furthermore, the p:
e ke motor s needed,and for yood bass LROceuit inverlagwith o come.nt,ionnl Voice coil
Mcien
Shtams o phsatcs o acombiak it Therefore, inétead of the usual large ncrease in
William Watkins faced thi inabril remain
lantly ingenious fashion. He. st il i virtually constant n.mughm.c the entire hass range.

:br-nnh 7 equalta the produet of the maghet field B o ———

magnet and the I
me ‘magnetic field; that is:
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At this point, it should be noted that Mr. Watkins
did not violate the laws of physics. A second motor is
merely added, which, because it is of different size,
generates less back-EMF and presents lower imped-
ance to the driving amplifier, allowing more watiage
intake to the speaker in the area of resonance
(essentially, the resonance is climinated), therehy
providing more biss response.

‘Watkins is simply using the wattage that was
there all the time in a given power amplifier, but was
never being used in the bass range because the imped-
ance barrier at resonance (see Figure 3) prevented it
{from being accepted.

Figure

o
T
asis’i !
EMIT: The Infinity
Electromagnetic Induction Tweeter
of high-t
Souna nergy, latatic tvtar (EST) dvicos
Woofer is o the L g
s o coter s

The extraordinarily wide and linear (requency
response (see Figured),

Th
uniformly driven over ts entire surface arca, a5
osed t

response, and the refatively high efficiency are truly a
panacea, The listening experience takes on a new
iianal Iaxed tnioet

Pose
aba central point. The port Sonare cone which are not
uniformly driven must coast along with more or less

ualit;
1

-y energy, like li ic itself.

the driven part (See Figure5).

Figure 5

It is obvious that various kinds of distortion result
from the fact that the non-uniformiy driven portion of
the tweeter cannot accurately follow an input audio
signal. Tt then becomes easy to understand that the
EST can readily follow the input signal, since all of the
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radiating area is equally driven with the very powerful
electrostatic forces.

second reason

diaphragm and rendering the device reasonably
efficient would be complicated to the extreme. And

superiority is that the mass per unit area of the
1, it

the mass of the airload operating on the
to extremely high frequencies, usually beyond 25 KHz.
This concept is called the inertial propensity of the
tweeter and is expressed as Newton's third law,
= MA,where:
F = applied force
M = mass of object

A = acceleration of object.
Obviously, with a given applied force, the

notcreate
the necessary diaphragm control and requisite
efficiency to construct a viable magnetic tweeter.
‘The dilemma persisted until a number of years
ago, when Infinity scientists heard about
experimentation with a new rare carth magnetic
‘material, Samarian Cobalt. Our technieal staft
immediately realized that this material could be the
key to the magnetic analogue of the EST. Samarian
Cobalt, having energy products four to seven times
greater than alnico, could create the powerful forces
EST i

any
is directly proportional to mass. This is where the EST
5 v >

rth
technology, coupled with the theoretical e

per unil !nﬁleloﬁmes
S

of I ly) that
-nowea Infinity to construct an almost xdul ‘method

greatly superior
inertial pmperues This means hatihe ESTs

radiation.
The ity Semarten Cobalt omater i

ability to is
better than that of devi

Well,if the case for EST is so convincing,
then wi i

m.t penmu high diuipmon of heat. Onto this

tiny microcircuit of conducting material

another? The answe s, m}.-a i which allows
& L i
virtually impossible to overcome in any practical way. field i i creating a
i st the diaph
@) Are subject to voltage breakdown when
rerdriven. Figure6

b) Must be tranformer-coupled.

) Have bad dispersion problems.

Voltage breakdown problems are probably the
in preventing their g usage.

of audio amplifiers is low impedance, a matching
transformer is necessary between them. This
introduces both distortion and phase shift, which
practically offsets the good quality of the EST. Finally,
in their optimized configuration they havea

tendency to beam high-frequency sounds at the listener
—which destroys some of the sterco effect. This effect
is partially resolved by the fact that EST's usually
function as dipole radiators. However, this makes
them very room-sensitive.

To recapitulate, we have spoken about EST being
audio state-of-the-art in spite of the many serious
problems which plague it. Indeed, Infinit
has always used EST in its “m.m of-the-art” Servo.
Statik T

The Samarian Cobalt magnet.

As can b in Figure 6, Samarian Cobalt magnets

ave bean thiring shot these problems for many.
ifa

M and M create a magnetic field, B (left to

years.
BST utilizing E T could be ma .e!senhally all the
EST problcnus could be climinated. The

is, howeve

.) A current, i, is then passed
through a microcircuit conductor, C (from tol
tobottom of the page). and exactly perpendicular to
. Then, since F (the force on

e e accurately controlling the moving

the conductor) is equal to B x i x 1 (where 1 is the



length of the conductor in the magnetic field), a
force is produced on the conductor in a given direction
(out of the page, towards the reader).

If, then, the conductor is attached to a lightweight
diaphragm, the current flow in the intense magnetic
field will cause the diaphragm to move in and out,
depending upon the direction of the current flow, i.

It is this motion of the diaphragm that causes
high-frequency sound radiation.

Figure?

Specifically, the device is mechanized ina
push-pull fashion : the diaphragm, D, suspended
between magnets M and M’, is pushed and pulled
according to the instantancous direction of the applied
current. The current is represented by the small
circle on the diaphragm and the sound wavefront
emanates as shown by the arrows and sound waves.

‘How successfully, then, has Infinity overcome
the problems of the electrostatic tweeters?

the EMITis a we have

can accept without melting. Conventional cone
tweeters are good for about 5 watts RMS before
failing. The individual EMIT can easily dissipate
30 watts RMS with no failure and, used in multiples
(which is always done), it can sustain even the
‘most powerful amplifiers on the market today. EMIT,
being a current device, obviously does not need a
matching transformer for operation with an audio
amplifier. This means that the EMIT is directly coupled
to the output of the audio amplifier without being
predistorted through the use of a transformer.
Another natural benefit that arises asa
by-product from the EMIT is that the load presented
to the audio amplifier is essentially resistive to beyond
50 KHz. (EST’s present large capacitive loads to the
amplifier which cause some of them to be extremely
unstable, creating distortion and damage.
The final benefit, and one of the most i S tan!
of the EMIT is that its horizontal polar dispes
is nearly perfect. This makes it ideal for nppllcahon in
aline source sound generator, a concept to
explained in later paragraphs.

Assembling a diverse variety of radiators
in a phase-concurrent manner.

b Ling
Source consist of the new 12" Infinity/ Watkins
Dual-Drive Woofer, a midbass coupler handling 200

10 600 Hz, a line source of special 11 midrange dome
drivers, and a 48-inch vertical strip of EMIT
high-frequency drivers. Though each of the 4 elements
has its own mass/ acceleration characteristics, all
work meticulously in phase.

‘The importance in having coherent phasing is
that it determines the ability of speakers to preserve
stereo imagining when the listener varies his position
from side to side in front of the speakers. In a perfect
system, the listener should be able to move anywhere
in the designed listening area without losing.
stereo imaging, just as would b the case I he were
listening to a performance and moved about i
front of the musicians.

In the Quantum Line Source, we designed an
unusual group of 115 dome drivers, paying

capability.

seen, voltage breakdown is totally absent. In fact, the
only input limit is the amount of power the diaphragm

Then we added a phase-coherent vm(lbass driver

to mateh the acceleration times and acoustic

output between the midrange Line Source and the
Infinity/Watkins Dual-Drive Woofer. This midbass
coupler, o){prewsly handling frequencies from 200
0600 Hz, ally important element in

the Qummm Tine Source concept—it is within this
range t 509 of music

lie, ay\d we felt it was vital to provide a driver that
would speak with absolute aceuracy within this range.




Transmission-line \(mdmgxs\\wd v
pressure on the dri d thus eliminate constraints
on its speed of respon: ,preventzeﬁecuonnfwa\es
Dack intothe driver; and permit further steps to

be taken to achieve linear phasing.

Assembling radiators into a line source,
and what this accomplishes.
Infinity has explored the forefront of speaker

technology to design the very best sound repraducers
in each band of the sound spectrum. And we have

20 KHz over a 180° horizontal arc, from full left

to full right, and with nearly perfect phase response
and frequency response. To the listener within
the fan-shaped slice of space just described, the ms
sounds the same as if it came from a point source.
Tn fact, to return to the beginning, he receives
the music in exactly the reverse of the manner in which
it went into the microphone from the musicians’
throats and instruments. Thus, to him, it sounds as if
he is listening to the performance at the same point
from which it was recorded,

configure, and phase them so that they work together

to produce flat frequency response over the entire

spectrum, with great power-handling capability.

But, as you will recall from the beginning of

this paper, our ideal would be to combine them into

an infinitesimally small “point source”—an obvious

impossibility.
Why would we wish to have that point source?

Because it would radiate equally in all directions, both

horizontally and vertically. In other words

would have equal polar dispersion in both horizontal

and vertical planes. If this condition existed,

alistener could walk all around a pair of speakers, and

evenlisten from the top of a stepladder, without.

losing exact stereo imaging. This is the same condition

that prevails at a live performance, where moving

thelistener’s position may result in amplitude change

—hearing the instruments more or less loudly—

but noloss of the sterco imaging.

The Infinity Quantum Line Source consists of a
number of radiators with unusual characteristics:

‘The Infinity/ Watkins Dual-Drive Woofer
employs two voice coils, with the second
(lower impedance) voice coil taking over at resonance
and presenting a low impedance path in the region
ot resonince Thua theamplifr never soes o

impedance peak; only 2 flat impedance curve. This
peremita bassresponae, combined with fictency of the
speaker.

A midbass coupler is assigned frequencies from
200 to 600 Hz; its aceeleration capability and phasing
are carefully matched to its adjacent radiators,
the Dual-Drive Woofer and a midrange Line Source
of six 114 dome drivers.

An Infinity Electromagnetic Induction Tweeter
(EMIT) has been developed.using the rare-earth
material Samariin Cobilf o providea configuration
thatis the

(n normal listening, however, the
not walk all around the speakers, and he does
not perch on top of a stepladder, or listen from under
atable. Instead, he occupies a position somewhere
between 90° to the left of the speakers and 90° to the
right. And his head is usually within a foot or two
up or down from the position of a person’s head when
he sits in a chair or on a couch somewhere in front.
of the speakers.

Tt is this volume of space that concern us, from a
prav.mical viewpoint, then, and within this volume

whlch would be. gcmmed by a point source.
e unique

zW e asation

If our matched drivers are placed in a 8-inch
ertical line, one above the other, and if these
drivers are so constructed that they have superb
‘horizontal polar dispersion, then they have more than
persion in order to
cover the six feet or so that sitting and standing
listeners’ heads may be occupying.

"The Line Soutes s long vertiodl ine of virtually
‘massless high-frequency radiators radiating beyond

and requires no m ansformer. hMlT a 48-inch vertical
Tine of virtually massless high-frequency radiators
combines 180° horizontal dispersion with Line Source
vertical radiation for maximum dispersion of high
frequency information.

The perfection of the Quantum Line Source,
which brings together several high-technology
advances, has effectively removed the speaker system
asa source of inaceuracy.

We get you back to what it's all about. Music.

1976 ity Systes, I, 7930 Deering Avenue, Canoga Pk, CA 91304
Phone (219 BS5.4800 - TWX 9104044919
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