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21st-Century Cinema Design

Viewing and listening requirements for a THX-quality theater design.

SPEAKER BUILDER

By Richard A. Honeycutt, Ph.D.

hen the first public motion :
pictures were shown in the !
early 1900s, the primary '
concern was that the image
be large enough and bright enough for
the paying audience to see. Sound in the
auditorium was only important in that !
people needed to be able to hear the or- —
ganist who improvised theme music to
accompany the video. When Warner
Bros. introduced talkies in 1926, sud-
denly the acoustics of the theater became :
important. Not only did the movie sound
need to predominate over projector noise
and externally introduced noises, but also
the amplifiers and speakers of the day FIGURE 1: Viewing angles.
could only provide very small amounts of
acoustic power. :
By the 1970s, color movies were the
rule rather than the exception, Cinema-
scope® had been introduced, and stereo
sound was used in most major theaters.
But it was the introduction of Dolby and
THX® that spurred the advent of serious |
home theaters. Because audioXpress read-
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FIGURE 2: Masking
for different aspect
ratios.
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THX-approved cinema may be of inter-
est, even though these standards may be
overkill in a home theater.

THX is commonly associated with 2.35: »
high-quality surround sound, but the : - 1.85:1 & 1.66:1 ——————»=
THX certification process involves opti-
mizing every aspect of the cinema experi-
ence.

LAYOUT

The seating plan in relation to the screen
depends upon both visual and acousti-
cal considerations. Anyone who watches
movies in a commercial cinema knows
that sitting too close to the screen pro-
duces business for the chiropractor. How- :
ever, THX also specifies that the view- 5
ing angle defined by the left and right

screen edges and the furthest viewing B. Adjustable Masking for 1.66:1, 1.85:1, and 2.35:1
position should not be less than 36°,

A. Adjustable masking for 1.85:1 and 2.35:1
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1.66:1
1.85:1 & 2.35:1
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and in no case can be below 26° (Fig. 1). These specifica-
tions ensure an optimal visual and auditory experience for
the patrons.

TV viewers have become familiar with two aspect ratios:
the traditional 4:3 ratio, and the HD ratio of 16:9 (or 1.78:1).
Movies, however, are generally produced in the US with
aspect ratios of 1.85:1 (standard) or 2.35:1 (Cinemascope®).
European movies may have a ratio of 1.66:1. Most theaters
are designed with adjustable screen masking to accommodate
various aspect ratios (Fig. 2).

For optimum stereo effect, you should place the left and
right speakers at the edges of the widest aspect ratio pro-
jection area. This means that the masking cloth must be
acoustically transparent, because it will partially cover the left
and right speakers when a movie of narrower aspect ratio is
presented.

You can use black muslin or grille cloth as an insert to the
masking cloth, or acoustically transparent masking material

such as Harkness 2000M. Even with such cloth, you must
take care to avoid covering the front of the loudspeaker’s :
high-frequency section with framing for the masking cloth,

or with multiple layers of the cloth. Some commercial the-
aters have installed fixed screens with 2:1 non-adjustable as-
pect ratios in order to avoid the cost and bother of adjustable
masking. These chop the edges off a Cinemascope movie,
and the top and bottom off a standard movie, and therefore
good consultants discourage this practice.

In order to keep the sound even front-to-back and side-to-
side, the left, center, and right speakers must be placed above
listeners” heads: between one-half and two-thirds the height
of the screen. If the front rows are too close to the screen, the
front listeners will be severely off-axis, and will experience
poor frequency response in the reproduced sound.

Virtually all professional cinema speakers have a cover-

age pattern of 90° horizontal by 40° vertical, so the angle
produced by the center speaker and the right and left front

1/4* WATER WHITE CROWN GLASS (E.G., SCHOTT GLASS
CO., DURVEA, PA)) COATED BOTH SIDES WITH PHOTOPIC
HEA-MULITLAYERANTIREFLECTIONCOATING #6035001 BY
OPTICAL COATING LABORATORY SANTA ROSA, CA. f

! L _ aneLE oF PRoJECTION
z BEAM

X HOR
{ \ CENTERING
f || As NeEDED
AUDIENCE i 1o
SIDE TE

PROJECTION
BOOTH SIDE

FIGURE 3: Projection port design.

www.mundorf.com

ENGINEERED TO
PERFOR

handcrafted in
Germany

A M AIR MOTION TRANSFORMER
I by MUNDORF
“There are many dome
tweeters out there [...] But

none of them sound as
dynamic as the AMT.”

Dick Olsher in
The Absolute Sound® 1 1/2008,
reviewing a prominent speaker
featuring our AMT®2440

HOLOGRAPHIC
SOUND DEVICES®, vunorr

MCap® RXF
Radial Xtra Flat Capacitor

MResist™ Supreme
Gold Wire ¢ Ceramic Core

2009‘s Global Premium Capacitor

MCap® Supreme Silver/Gold * Supreme Silver/Oil + Supreme

$4 MUNDORF’

High End Components Made In Germany Since 1985

info@mundorf.com
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State of the art engineering

Extreme reliability

“Auricaps are precision-wound in the US,
and are considered by many to be

OEM & dealer inquiries invited.

. corner listeners must be less than 90°. Be-
- cause a 90° x 40° horn typically has 6dB

VIDEO PLAN

The THX specification must take into ac-
count film projectors, which have no key-
- stone correction (compensation for projec-
. tion angle not perpendicular and centered
to the screen), so there is a maximum
image distortion of 5% specified, with
a preferred level under 3%. This image
: distortion would result from the projector
- being misaligned with the axis perpen-

the finest capacitors available”
5 ile - June ‘06 - Peter Bi

QUI’O.Te f IOﬂ

projectors can correct for this distortion.

In order to isolate projector noise from
. the theater seating area, the projector is
- mounted in a separate projection room.
The screen is illuminated through a dou-
ble-glass port. The reason for double glass
is to insulate against noise.

If an image is projected through glass

“simply the highest resolution
capacitor ever made”

auvdience

Call (800) 565-4390
www.audience-av.com

- at any angle other than completely per-

Accuracy, Stability, Repeatability

Will your microphones be accurate tomorrow?

Next Week? Next Year? After baking them in the car???
ACO Pacific Microphones will!
Manufacturered to meet IEC, ANSI and ASA standards.
Stainless and Titanium Diaphragms, Quartz insulators
Aged at 150°C.

Try that with a “calibrated”consumer electret mic!

ACO Pacific, Inc.
2604 Read Ave., Belmont, CA 94002

Tel: (650) 595-8588 FAX: (650) 591-2891 e-mail acopac@acopacific.com

ACOQOustics Begins With ACO™
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o O‘U”COP frequencies, it is a good idea not to expect
%’)0/7 C'Qp the main speakers to cover the extremes of
Mag, %’% - their advertised patterns.

_Tde a :

dicular to the center of the screen. Digital !
: come from outside the building, from
. other rooms in the building, or from with-

. pendicular, there will be reflected images
- on the surfaces of the panes of glass, and
less response at the +45° horizontal and :
+20° vertical angles, especially at higher

these will also be projected to the screen,
producing a blurred effect. Therefore, the
two panes of the projection port should
be angled with respect to the axis of the
projected beam. Specifically, the glass on
the projector side should be angled out-
ward from the projector (farther from the
projector at the top) by 7°, and the glass
on the theater side should be angled 15°
backward (closer to the projector at the
top) with respect to the axis of the pro-
jected beam. Figure 3 illustrates a properly
designed projection port.

ACOUSTICS

The first acoustical consideration for a
high-quality cinema is noise. This can

in the cinema itself (Heating, Ventilation,
and Air Conditioning noise). Nowadays,
most commercial cinemas are built in
multiplexes, so that the noise from ad-
jacent rooms is that of another cinema.
Except for the rare case of a cinema built
under the flight path of an airport serving
large aircraft, noise sources outside the
building are generally less intense than the
sound of an adjacent cinema. Therefore,
noise analysis can be greatly simplified in
designing a multiplex cinema if all adja-

. cencies are assumed to have the noise level
- and spectrum of a cinema.

For stand-alone cinemas or home the-

. aters, more care must be given to the noise

analysis, because the levels of acoustical
insulation specified for multiplex cinemas
may well be overkill. However, the greater
effort spent in analysis and design can
easily be rewarded by reduced construc-
tion costs if, as is likely, less stringent mea-
sures need be taken to keep noise levels
acceptable.

The noise level in a room is specified by
the so-called “room criterion” (RC). THX
specifies a maximum noise level of RC30,
with intermittent increases to no more

. than RC35, and a preferred long-term
. level of RC25. Figure 4 shows the various
- levels plotted against sound pressure level
(SPL). While not as quiet as a classical
© concert hall or a recording studio, RC25 is
still a low noise level. This freedom from
noise is needed for the listeners to hear
¢ subtle directional cues and other details in
© the soundtracks of modern movies.



The noise level in a room depends upon |
the intensity of the noise source at the :

outside of the room partition (wall, ceil-

ing, or floor), the acoustical insulation of

the partition (specified as “sound trans-

mission class” or STC), and the acoustical

characteristics of the room. In a multiplex
cinema the noise source and the room
characteristics are known, so it only re-
mains to specify the STC of the partition
walls. THX specifies a minimum STC
75, which is a very stringent specification,
requiring massive walls with resiliently
mounted surface layers.

Doors, in general, cannot meet this
specification: the best acoustical door has
an STC of 53, and this requires a fully
gasketed, 4” thick door. However, because
the total area represented by doors is rath-
er small, they do not add a great deal to
noise infiltration. Entrances into the cin-

ema are usually through an acoustically

treated hallway, to prevent lobby noise
from disturbing listeners when someone
enters while a presentation is in progress.
Noise isolation is one area where the ser-
vices of a good acoustical consultant are
essential in the design of a quality cinema.

HVAC noise is the purview of the me-
chanical engineer who designs the HVAC
system. There are well-known ways of
limiting the intrusion of noise from chill-
ers, furnaces, and air handlers through
ducts and vents. These methods are rou-
tinely applied in the design of new facili-

ties, although they can be quite challeng-

ing to retrofit into existing cinemas.

Any perceptible echo in a cinema must
be avoided. Considering the high sound
level produced by the speakers, you can

an.
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FIGURE 4: Room criterion (RC).

see that avoiding echoes requires acousti- :
. cally absorptive wall and ceiling surfaces. -
- Failure to provide enough absorption on :
these surfaces results in sound reflections
. that provide false directional cues, spoiling

the realism of the surround sound.

As an example, if the main speakers
produce a level of 95dB, and the rear wall
of the cinema has a sound absorption co-
efficient of 99% at 1kHz, the echo pro-
duced by sound bouncing off that wall will
have a level of 55dB—still quite audible
under the proper conditions. The THX
guidelines call for 1”7 of compressed fiber-
glass on the sidewalls, over a 1”7 to 2” air
space. For the rear wall, the guideline is 2”
of compressed fiberglass over a 2” to 4” air
space. If acoustical modeling indicates that

- low-frequency buildup may be a problem, |
. thicker fiberglass and/or thicker air spaces
- may be required.
The usual ceiling is a 1” compressed :

fiberglass suspended ceiling, and if noise
from rooms above the theater may be
problematic, the suspension should be re-
silient. A 6” thick fiberglass noise batt is
installed above the ceiling tiles. Cinema
seats must have absorptive bottoms, so
that unoccupied seats do not add reflect-
ing surfaces when the seats fold up.

Aside from echoes, which are discrete
reflections, sound in rooms is also subject
to random reflections called reverberation,

- which causes an apparent prolongation of :
. the sound events. The time required for a |
sound at the level of normal conversation
- to decrease to the threshold of audibility is

called the “reverberation time” (RT60) of
the room. In a THX cinema, THX speci-
fies the target RT60.

Depending upon the volume of the
room (cubic feet), the RT60 can be as low
as 0.1-0.2 seconds for a 1000t room to
as much as 1-2 seconds for a 1 million ft3
room. For frequencies below 250Hz, the
RT60 is allowed to increase as frequency
decreases, to 2 maximum of twice the mid-
frequency value at 31.5Hz. At frequencies
above 2kHz, the RT60 can decrease with

. increasing frequency, to a minimum of :
- one-fourth the mid-frequency value at
- 16kHz (Fig. 5).

 B-CHAIN

- The electronics involved in cinema sound
- reproduction are often grouped into two
¢ “chains”: the A-chain retrieves the sound |
" information from the film or other source

SOLEN Electronique Inc.
4470 Av. Thibault
St-Hubert, QC J3Y 7T9
Canada

Tel.: 450-656-2759

Fax.: 450-443-4949
Email: solen@solen.ca
http:/fimww solen.ca

. Solen is bringing you the first

: audiophile grade two-way
monitor amplifiers for the DIY
market. Using all Polystyrene or
Polypropylene capacitors in the
signal path, gold plated RCA
socket, removable IEC power

chord and a high output power
transformer.

AP-016

$94.50

The AP-016 is available in three
versions. The AP-016A crossover
point is at 2Khz, the AP-016B is at
2.7KHz and the AP-016C is at
3.5KHz. All of them are 4" order
Linkwitz-Riley crossover.

Specifications:

HF Power Output: 30Wrms

LF Power Output: 80Wrms

THD: 0.03%

S/N ratio @ rated W: 90db

Input sensitivity: 1V

Input impedance: 22Kohms

4" order X-over: 2KHz AP-016A
2.7KHz AP-016B
3.5KHz AP-016C

Weight: 2.6Kgs (5.71bs)

Dimensions W x H x D:

¢ W:137mm (5.4")

. H:218mm (8.6")

. D: 81mm (3.2")

¢ Cut-Out W x H:

. W: 108mm (4.25")

¢ H: 190mm (7.5")

: AC Voltage: 115V / 230V

MAKE YOUR SPEAKERS ACTIVE!
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miduseskEpecker

REFPRAIR

Real Wood Cone \Woofers
Now Available

Designed and Built in the USA
Please Visit our Website for
Specs and Pricing
www.midwestspeaker.com
Dealer Inquires Welcome

DIY Kits Available
2 Way and 3 Way

Speaker Repair * Refoam Kits
Guitar Speakers * Grille Cloth
Miscellaneous Speaker Parts
Home & Pro Replacement
Speakers
Diaphragms * Connectors
Box Carpet and Hardware

Midwest Speaker Repair
2812 Fairview Ave N
Roseville, MN 55113

Tel: 651-645-7385
Fax: 651-645-1110
www.midwestspeaker.com
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FIGURE 5: Reverberation time for a THX cinema.

and splits it into (typically) main left, |
- pattern places direct sound as precisely

right, and center; left surround, right sur-

- round; and subwoofer channels. The B-
. chain includes equalization, active speaker
crossover units, power amplifiers, and the
- speakers themselves. A-chain devices are
- provided by specialized suppliers, while B- :
chain elements are offered by a few pro-

tessional sound equipment manufacturers.

The main (L,C,R) speakers are almost
always combination designs using vented
low-frequency sections and constant-di-

EXODUS AUDIO

World-Class Subwoofers

We design a full-line of subwoofers
optimized for home audio applications.

Profit Opportunity- Home Installers

Support- by the engineers who designed the
transducer

Brand Recognition- Google: Exodus
Audio and Maelstrom

Design- Patented motor technology.
advanced inductance control

Quality-Support-Design
175 8. Bay View Ave.
Unit 23
Port Angeles, WA 98362
360-452-9373
www.exodusaudio.com

than selecting speakers whose coverage

as possible on the seating area, as is done
for live sound reinforcement, almost all
professional cinema speakers have 90° X
40° patterns. And rather than being aimed
at the seating area, the main speakers are
aimed parallel to the top of the seating
area; i.e., over the heads of the audience.
In this way, the decrease in response of the
horn for off-axis positions compensates

. for the proximity of front listeners, giving
rectivity high-frequency horns. Rather

more even front-to-back levels.

Figure 6 shows a simulation of the lev-
els at 1kHz for the same main speakers,
aimed at the seating area (top), and aimed

- parallel to the top of the seating area
i (below). Note the more uniform sound

levels in the latter case. (The level at the
back of the cinema is about the same in
either case, but the level in front is notice-
ably hotter when the speakers are aimed

- at the seating area. The horizontal aim

of the L and R speakers is usually about
two-thirds of the way back in the room,
centered side-to-side, so as to provide the

best stereo effect for all listeners.

In order to prevent early reflections that

- would be detrimental to directional cues,

and to provide loading for the main speak-
ers at low frequencies, the L,C,R speakers
are normally mounted in a baffle wall.

. THX has patented a special design for the
- baffle wall that optimizes its performance

across the full frequency range. The baffle
wall must be placed very close to the back
of the screen, and must be sturdily built to

- avoid rattles. The L,C,R speakers should
‘ be mounted in such a fashion that vibra-

tions will not be transmitted from the
speaker cabinets to the baffle wall, or else
extraneous wall vibrations will degrade

¢ frequency and transient response.



FIGURE 6A: Speakers aimed at audience.

FIGURE 6B: Speakers aimed parallel to top of seating.

The subwoofer (or subwoofers) should

be placed in the horizontal center of the
screen, under the center speaker. Sturdy,
vibration-isolating mounting is even more
important for the subwoofer than for the
main speakers. Using multiple subwoofers
placed at different locations will produce
a subwoofer array that will cause hot spots

and dead spots in the bass response of the :

cinema. Only if a qualified consultant
specifies spaced subwoofers for particular
reasons, after computer-modeling the de-
sign, should spaced subwoofers be used.
Surround speakers comprise a left-
channel and a right-channel group. The
speakers are spaced closely enough that

listeners cannot localize the sound to a

single speaker: they are to act as a con-
tinuous source of surround audio. The
surround speakers are located above the

heads of the listeners, starting about

halfway back on the side walls. If the
surround speaker arrays extend farther
forward than this, their output tends to

mesh with the L and R main speakers, .

confusing the ear.
Typically, the surround speakers are

mounted 10-13" above the floor, and they
are aimed at the farthest listener, although

.

. material

FRONT PANELS

L& ENCLOSURES

Custemizedifrontjpanels can
be easily designedywith

eur; L[ee:s‘bftwar
ErontiRanel Designert

Cost-effective prototy
and production runs

Wide range of matel
customization of pro

Automatic price calculation
Fabrication in 1, 3 or 7 days

Sample price:
$43.78 plus S&H

FRONT PANEL
EXPRESS

www.frontpanelexpress.com
(206) 768-0602

&Z/Qlf' j/ufe

The Silver Flute line of wool cone
woofers is a fantastic value. Now
available in 5" through 8", 4 or 8§ ohm
and shielded.

* Wool fiber cones

* Cast frames

* Rubber surrounds
¢ Large voice coils

The specifications listed below are
for the 8 ohm models. Please visit
our web site for specifications on the
4 ohm models. We feel this line
provides the best performance for
your money, with many variations to
choose from.

WI14RC25 4/8
Fs 43.5Hz
Qts 0.35
Vas 18.9 Itrs
X-max 3.5mm
Sens. 87.5dB
Price $20.70

WI14RC25-S-8

Fs 43.5Hz

Qts 0.40

Vas 18.9 Itrs

X-max 3.5mm

Sens. 87dB

Price $23.20

WI17RC38 4/8
Fs 40.5 Hz
Qts 0.29
Vas 28.2 Itrs
X-max Smm
Sens. 89dB
Price $29.80

WI17RC38-S-8

8= Fs 413 Hz
" Qts 0.31
Vas 24.3 ltrs
X-max Smm
Sens. 88dB
Price $35.40

W20RC38 4/8
Fs 30.8 Hz
Qts 0.23
Vas 83.3 Itrs
X-max Smm
Sens. 91dB
Price $29.80

W20RC also Shielded in 8 ohm for $47.40.
41 MADISOUND SPEAKER COMPONENTS, INC
8608 UNIVERSITY GREEN
P.0. BOX 44283

MADISON, WI 53744-4283 U.S.A.
TEL: 608-831-3433 FAX: 608-831-3771
e-mail: info@madisound.com
Web Page: http:/www.madisound.com
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the aiming angle can be varied as needed :
by the consultant in order to provide the

most even coverage. Usually the surround
speakers are wired in a series-parallel ar-
rangement in order to present a suitable
load to the surround power amplifiers.

In a THX design, part of the THX en- :

gineering service is to present the owner :

with a list of THX-approved speakers,
amplifiers, and processors from which to
choose the cinema equipment. For non-
THX designs, the consultant should de-

Dolby® SRD) for each screen channel (L,
C, R). This SPL capability (18dB above

the reference level) should be available

at all frequencies from the 31.5Hz band

the speaker impedance.

must be under 0.235Q, so the wire must
have a resistance of 0.235Q per 50’, or
4.7Q per 1000". AWG 17 wire meets this
specification. The speaker will draw about
11.2A maximum.

(14A) for three AWG 18 wires in a race-
way; ampacity for AWG17 is not speci-
fied, but it would be higher. The damping

. factor is given by:
sign for a maximum SPL of 103dBC (for :

DF= |Z|S/(Rsource+RS)
where Rg is the DC resistance of the
speaker (assume 6Q).

Neglecting the very low output imped-

ance of a solid-state amplifier, damping

9”7 above the tops of the seat backs. You
This means that each side of the line

should use calibrated microphones, and
the four microphones can be used one
at a time, and then the readings can be
manually averaged; or you can feed the
mikes to a microphone multiplexer that

- automatically switches among the mikes.
This is below the allowable ampacity

The time averaging function of the real-
time analyzer then performs averaging
among the microphones.

In addition to equalizing the main and

. surround speakers to the X-curve, the
¢ consultant performing the final adjust-

ment must set the sensitivity of the power
amplifiers for L, C, R, subwoofer, and sur-
round. When the system is fed pink noise
at the reference level (such as from Dolby

% through the 16kHz band. The reference ' factor is about 1.24. Even with zero re- | Cat. #85 pink noise generator), each of
sl Jevel is measured at a reference seat two- | sistance in the lines, the damping factor | the main (L, C, R) speakers should pro-
ol thirds of the way back in the room, but i could never be below 1.33, because of the : duce a level of 85dBC, and the left and
ol levels should be consistent within 3dB at | DC resistance of the voice coill. Thus : right surround channels as a whole should
é all seats. Each surround chain (left and = designing for a maximum loss of 0.5dB ' each produce 82dBC. The subwoofer level
Tl right) should be capable of producing = will lead to a very good choice of speaker  is set 10dB hotter, due to the recording
28 100dBC at the reference seat. wire gauge. standards for subwoofer soundtracks.
. You must choose speaker wiring to

avoid line-heating problems or exces- | TESTING AND ADJUSTMENT SUMMING UP
il sive signal loss, and to provide adequate : In most modern cinemas, equalization is | Even though the design is significant and
2 speaker damping. Fortunately, if the line . provided by digital signal processors, with : the resulting project may be expensive,
ol loss is kept under 0.5dB, the other two | the target response defined by the “X- | cinemas designed to or near THX stan-
e requirements will be met automatically. = curve” specified in ISO Document 2969 = dards can provide an unforgettable view-
<¥( Assume that a subwoofer requires a peak | (Fig. 7). You can make adjustments using @ ing/listening experience. oX
Tl power of 800W, and has an impedance of  a single measurement microphone placed
W 8Q. The sub is located 50" from the power | off-center in the seating area. However,  REFERENCE

amplifier. The total resistance of the wir-
ing and speaker is then given by:

. better results are obtained by using mul- |

tiple microphones located as shown in

1. For an excellent discussion of damping fac-

tor, see the indexed references in Audio Cyclopedia,

% RT=|ZS| /[log‘l(—OSdB/20)] =8.47Q Fig. 8. Second Edition, by Howard Tremaine. Howard W.
mfll where Ry is total resistance, and |Z]g is Mount the test microphone(s) about | Sams, 1969.
)
o
&
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