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Final Evaluation of the Acoustics
of the APS Conference Center

by

Juan Mario Restrepo

Abstract

Along with a description of the changes that I prescribed on the original design, this report is
an evaluation of the acoustical properties of the new Advanced Photon Source Auditorium

at Argonne National Laboratory. Acoustical deficiencies in the hall are presented with
several options for their expedient and economical solution.

RECTI



1 INTRODUCTION

In addition to making final recommendations regarding further improvements on the audi-
torium, I will include in this report a brief description of the ways in which my input to this
project affected in a significant way the eventual qualities of the auditorium.

My involvement with this project began when I was invited as an observer to a de-
sign review meeting which was held about a year-and-a-half ago at the Chicago offices of
the architects, from Knight and Assoc. Present at the meeting were the architects, con-
struction contractors, the acoustics consultant, audio/video contractors, and several people
representing Argonne. The meeting’s purpose was to review the acoustic design as well as
some aesthetic details of the hall. At the time of the meeting most of the blue-prints and
schedules were already drawn up. At this meeting, I took issue with the following design
decisions:

(1) Overall elliptical shape of the auditorium: shape produces severe sound focus-
ing (and poor sound diffusion). Shape presents problems for several performing
activities, such as dance, musical theater, etc. The elliptical shape has poor
space utilization characteristics and makes any future expansions of the audito-
rium costly.

(2) Gypsum-wall construction: very poor noise transmission abatement qualities.
Leads to poor bass response (owing to diaphragmatic effects of walls). Aestheti-
cally displeasing construction material.

(3) Extremely low reverberant times, poor diffusion, poor use of natural acoustic
energy, poor projection, poor initial time delay, near-certain possibility of echoes
and flutter, poor high frequency response, low intimacy and warmth, speech in-
telligibility problems.

(4) Stage area too small. The stage would be uncomfortable and its shape was
not checked out for overhead projector use.

(5) Stage wings too small. Also, stage wings do not have double doors.

(6) Poor line-of-site for seating area under the balcony.

(7) Poor acoustic coupling between stage and orchestra due to proscenium struc-
ture.

(8) Poor acoustics for seating area under the balcony owing to bad aspect ratios
(i-e., the depth/height ratio is unacceptably high).

(9) Excessive acoustic treatment.

It should be noted that I had a meeting with Dr. David Moncton in which items (1)-
(7) were brought to his attention. This meeting occurred a few days after my very first
design meeting. Since my involvement in the project began after the designing and bidding
stages were completed, several of the items listed above could not be changed: consensus
between the builders and client had already been reached. Several of these items were beyond
discussion, namely, items (1),(5),(6), and (8). On the other items some of my suggestions
were considered, others were considered but ultimately not implemented Item (4): the stage



was enlarged marginally. Item(7): the proscenium was to be eliminated, but ultimately
the suggestion was ignored. For items (2) and (3), I agreed to formulate a design and a
testing strategy that would significantly improve the acoustics with regards to abating poor
diffusion and focusing, raising the reverberation time, reducing loss of low frequencies, taking
advantage of available natural acoustic energy, improve speech intelligibility, straighten out
as much as possible the elliptical walls. Details of the design changes will be discussed later
in this report. During the same meeting, I had the opportunity to get an overview of the
noise control plans of the acoustics consultant. He was not terribly forthcoming with the
design details, and most likely annoyed with me since I changed substantially his design
specifications for the halls’ internal surfaces. The Noise Criteria (NC rating) for the hall was
guaranteed by the acoustics consultant to be no greater than NC= 30-35, higher than the
_ criteria I preferred, which was NC=20-25. We reviewed the details of the construction of the
roof, which I was satisfied with, and I asked the acoustics consultant to specify low velocity
air-handling equipment with large unobstructed air-supply ducts. These ducts would bring
air into the hall in the area above the acoustic reflectors that I agreed to design. He was
supposed to send me details of the noise control design, but I never received them. While
acoustic (sound) quality is still a matter of art and experience, noise abatement design is
standard engineering: noise control is a straightforward affair that can be achieved through
careful design and any acoustics expert is expected to succeed in this aspect of design. Since
he was a paid expert (and I was of the unpaid variety), I left this area of concern in his
hands. Presently, noise is the single worse problem of the present auditorium. At the end of
this report I will present several recommendations that will improve significantly the signal
to noise ratio in the hall.

The standard practice in hall design dictates that matters of aesthetlcs and sound percep-
tion cannot be well defined or perfectly predicted. With regards to these aspects, the acous-
tics consultant is not liable unless some fundamental feature is grossly executed. However,
with regards to noise abatement, the acoustics expert is expected and liable for delivering
a completed building to within specifications. It is also good practice for the noise control
expert to make very frequent visits to the sight to oversee all matters relevant to attaining
the noise specifications. I do not know of any instance in which the acoustics consultant
ever visited the site. While I came late to the project, beyond the design discussion stage,
it was the acoustics expert’s responsibility to warn the architects regardmg the perils of
auditoriums of pathological shape.

2 CHANGES ON THE ORIGINAL DESIGN

Of the items listed previously, the design changes improved considerably items (1), (2), (3),
and (4). Items (4) and (7) were supposed to be taken care of by removing the prosce-
nium walls, but this recommendation was being ignored. I recommended that most of the
originally-specified surfaces of the walls and ceiling be changed: most of the walls would
be covered with acoustic diffusers of my design, the lower part of the side walls lined with
hardwood. The balcony area would be straightened out to reduce the effects of the curved




walls. Most of the acoustic treatment which was originally specified was eliminated. The
side-wall acoustic diffusers were designed to increase sound balance and diffusion and to bet-
ter utilize the available acoustic energy by deflecting it either to the audience or to the free
field. The diffusers also mitigated the effects of the elliptical shape of the hall for the mid
to high frequencies, the diaphragmatic effect of gypsum wall construction, and significantly
decreased noise transmission. The original design of the wall diffusers were to come in two
different sizes, which would have increased diffusion to even lower frequencies, but cost and
aesthetics would only allow for the smaller-sized diffusers. The diffusers would affect sound
in frequencies above 1200 Hz. The acoustic diffusers appear in Figure 1. The hardwood
lining on the lower portion of the side walls had not been installed when these pictures were
taken. The hardwood panels further remove the diaphragmatic nature of the gypsum walls,
thus increasing the bass response, particularly of high powered sound sources. In my last
visit to the auditorium, on Dec 6 1995, I noticed that a hollow cavity exists behind the wall
panels: this was specifically to be avoided in the installation since these cavities will tend to
filter mid-low frequencies. Hence, the effect is opposite of what was expected. The effect,
however is not very deleterious. Further comments on these structures appear in a section
below.

I designed and helped install a system of reflectors on the ceiling. These reflectors increase
the amount of energy iun the first reflections, primarily in the mid-high frequency range,
and increase low frequency diffusion. The reflectors were designed so as to allow optional
adjustment for maximum energy utilization. Figure 2a shows the acoustic reflector system.
These reflectors were supposed to be roller/brush-painted rather than air-brushed. A slight
decrease of high frequency reflections from these panels results in a noticeable decrease in
high frequency reverberant sound. Fig.2b shows the coverage pattern that was achieved by
adjusting every single reflector for optimal energy utilization. A design strategy was adopted
which called for most surfaces to be treated acoustically, but other surfaces to be left bare
until tested during the construction phase. The test would ultimately determine whether the
remaining acoustic treatment was needed and if so, what type. Our October 12 test showed
that most of the treatment originally specified by the acoustics engineer for the balcony area
was unnecessary and was not installed.

During that first meeting, I also reviewed the audio/video design. The originally-specified
equipment was very sophisticated. My primary concern was that no fail-safe mechanisms
were in place for any of this equipment. Failure of this equipment, coupled with the poor
acoustics of the original design would have paralized a talk or a conference. I made the
recommendation that all the equipment should have by-pass capabilities, so that the audi-
torium could be used unaided by the equipment and expert operators. For the most part
this recommendation was adopted. Between myself and other A/V representatives from Ar-
gonne, we were able to make substantial changes in the specified equipment to either remove
unnecessary expenses or to increase the flexibility of the equipment to suit Argonne’s needs.

Several other meetings were organized with the architects and contractors to review my
design changes and calculations as well as to review my design strategy. Other meetings
dealt with aspects related to audio equipment and facilities. I was personally involved with



theé installation of the acoustic reflectors and acoustic testing of the facility In one instance,
[ tried in vain to dissuade the purchase and improper installation of the lateral loudspeakers
which I deemed an unnecessary expense.

3 SUMMARY OF WORK PERFORMED

The following is an itemized list of the work I performed in connection to the design and
construction of the APS auditorium:

e Evaluation of designs.

e Acoustic quality calculations.

e Re-design of treatment.

e Design of diffusers.

e Design of reflectors.

e Installation of reflectors.

o High-frequency field test, initial time delay tests, frequency response.
o Low-frequency, speaker performance test, noise measurements, flutter identification.
e Speech intelligibility test.

e Construction oversight.

e Audio design evaluation.

o Drafting of final'recommendations.

A total of 150-200 hours of work.

4 AUDITORIUM EVALUATION

Several acoustic tests were performed. Among the most revealing are those conducted by
Mr. Doug Jones of EASI and myself on October 12, 1995. Details of our measurement
procedure and equipment appears in the appended EASI report. Our initial evaluation and
measurement analysis preface the data. Overall, the auditorium has a higher reverberation
time than was originally specified. This is a very welcomed result. The reverberation time is
around 1.5 seconds. Lower reverberation times occur at lower frequencies, which is somewhat
unusual. Initial time delays were, overall very adequate, except in the lateral seats in the
front of the orchestra section. The elliptical shape of the auditorium produces a non-dense




decay of reflections. However, the frequency of reflection has been greatly enhanced by
the diffusers and reflectors. There is an extremely severe focusing problem in the center
front seats and in the center stage area owing to the parabolic shape of the back wall of
the stage. The frequency response for the auditorium is fairly flat, somewhat deficient in
the high frequencies. An informal speech intelligibility (RASTI) showed a ”fair” rating.
The intelligibility test was performed with the air-handler in operation. The main reason
for the fair speech intelligibility rating is the noise problem. The main source of noise
is turbulence originating at the diffusers of the air-handling system. A statistical test on
speech intelligibility was performed on Dec 12, 1995, in which data from 100 listeners was
evaluated. Rather than using the standard Fletcher and Steinberg method for the rating of
speech intelligibility, a more informal statistical test was performed. The outcome confirms
the rating by the RASTI method, and the relative intelligibility was 0.82 for the center
front seats, 0.64 for lateral front seats, 0.63 for the anterior orchestra section, and 0.55
for the bacony area. These figures are lower bounds. They represent speech intelligibility
ratings for a non-native English speaker in a situation typical of a seminar talk. For a native
speaker, the speech intelligibility rating was 0.94 for the center front seats and all other
locations dropped approximately in the same amounts for the other locations. Both tests
were conducted without the aid of sound reinforcement and with the air-handler turned off.

Overall, the acoustics in the balcony were most uniform and balanced for music but less
satisfactory for speech. The orchestra section could be improved considerably with regards
to the acoustics if the back wall of the stage could be straightened out and the proscenium
removed. By far, the most serious problem is the air-handling noise. The noise criteria
should have been no greater that NC=25, The current figure is about NC=40-45.

The testing did not include the seating area under the balcony. All measurement were
made with this area sealed off by the divider panels. For performances, it will make little or
no difference on the acoustics to close off this seating area elsewhere in the hall.

Aside from evaluating the auditorium acoustically, it was also inspected visually. The
most salient problem I found was the choice of doors throughout the hall. None of them are
acoustically rated, none of the are satisfactory in this application.

Testing also showed that the lateral loudspeakers are not to be used in the public address
system on speech-oriented events owing to severe comb-filtering. This is documented in the
EASI report.

Measurements on stage and in the rest of the hall confirmed the deleterious effect of the
proscenium walls in decoupling the stage acoustically from the rest of the auditorium. The
proscenium walls also enhance a severe flutter echo which is focused in the near and center
seating area.

5 RECOMMENDATIONS

The main problem that needs to be addressed is the noise from the air-handling system. In
order of seriousness, there are problems related to noise, sound quality, lighting, equipment,
and aesthetics.



5.1 Noise

1. Air-Handling System: Noise is primarily turbulence-induced by diffusers and is
affected by high-velocity flow and improper placement of air supply locations.

Solution: Reduce flow speed. Remove the internal dampers on all the ducts. Remove
diffusers from site in Figure 3. Expand (by a factor of 2 or 3) the air supply ducts in Figure
4 and remove the diffuser grills. Seal every other air supply in Figure 5, and remove diffuser
grills of ducts that are not sealed. It would be even better if all air supply ducts in Figure 5
were sealed. This judgment needs to be made based on comfort, but I think it would work
if the air supply ducts in Figure 4 are enlarged considerably. The proscenium wall should
be removed; see Figure 6a. However, if this proscenium wall is not removed, the air supply
ducts should be moved as high as possible from the floor and the diffuser grill removed; see
Figure 6b.

2. Doors: None of the doors are acoustically adequate. They have poor noise transmis-
sion characteristics, are very noisy when operated, and have noisy handles. Outside doors
do not stay closed. See Figure 7.

Solution: Short of replacing all of the doors, replace door handles with acoustically-
rated handles on all doors that lead directly into the hall. See Figure 8. On doors such as
shown in Figures 9a and 9b, high density gaskets should be installed between doors. All
door frames, as in Figure 10, should be fitted with strips of acoustic gasketing, as shown in
Figure 11. Door drop-bars needs to be installed on all doors. See Figure 12.

3. Balcony: Staircase leading to balcony is a serious noise source as people gain access
or talk in this area.

Solution: Treat all walls of this area with Novowall® or similar acoustic tiles. See Figure

13.
4. Exterior Doors (immediately off-state): Source of external noise.

Solution: Fix or replace doors. See Figure 7. Also, need to install another set of doors
in the off-stage area.

5. Balcony Wall: Hollow wall makes noise when kicked.

Solution: Install heavy carpet along the whole wall. See Figure 14.

1Novowall is available from the Huff Company. Contact Steve Mitchell (708) 362-7440.




5.2 Sound Quality

1. Proscenium Frame Walls (Figure 6): Decouples stage acoustically from the rest
of the hall. There is an extremely annoying flutter echo between inside walls and the back
wall of the stage. Walls take up useful stage space. It reinforces the negative qualities of an
elliptical auditorium.

Solution: Remove altogether. If this is not possible, it is suggested that the inside walls
be coated with acoustic tiles or Novowall. This ia a poor compromise, since it will reduce
the amount of energy delivered to the hall.

2. Parabolic Shape of the Back of the Stage: There is severe focusing of sound on
the first few seats in the orchestra. Also, it is responsible for poor sound on lateral seats in
the orchestra area. Audience members are also capable of distracting speaker. It contributes
to poor energy spreading.

Solution: Straighten the back wall. As an experiment, place the acoustic baffles from
the 362 auditorium so that a straighter wall can be assessed. Putting a couple of these panels
in the center of the stage can be considered as permanent fixtures. Another possibility is to
hang straight solid panels on several areas of the back wall.

3. Bass Response: There is poor bass response from gypsum wall construction.

Solution: In addition to the help produced by the diffusers, the lower part of the side
walls are laminated with hardwood paneling. In my last inspection, I noticed that these
panels are of significant distance away from the wall. There is an airspace which was supposed
to be avoided. To mitigate the improper installation, drill holes on the panel upper sides
and fill space with sand. Do not fill the space with foam.

5.3 Lighting

Poor Lighting: There is poor lighting toward the front of the stage area.

Solution: More lighting is required. See Figure 15.

5.4 Equipment

1. Center Speaker Cluster: There is poor coverage; see Figure 16. Also, there is
limited service access.

Solution: Remove fabric since it is not acoustically transparent. Redirect speakers; the
center cluster is composed of two speakers. One of them is left untouched. The other is
redirected so that more coverage is achieved. See Figure 17.



2. Lateral Speakers: There is limited utility and poor coverage.

Solution: Use only for movies or to support center cluster in popular music events.
Redirect speakers to improve coverage toward auditorium. Remove nontransparent fabric
covering.

3. Lobby Public-Address: Need to wire lobby speakers so that audio access from the
sound booth is possible.

6 CONCLUSIONS

The present report emphasizes the poor qualities of the APS auditorium, since it is
written specifically to alert the users of its problems and of its solutions. An equally-long
report could be written to highlight the good qualities of the auditorium. This report specifies
several solutions to the most salient problems in the hall which, if acted upon, would elevate
the acoustical quality of the hall to levels comparable to any other auditorium of similar
class in the region.

Clearly, noise is the most significant problem and should be addressed before any other
problem is tackled. It is reasonable to expect the NC rating can be decreased from 45 to 35
if all the noise problems discussed in this report are addressed. A lower NC than 35 is only
possible with a major redesign of the auditorium and the air-handling system.

The next most significant problem is related to the hall’s shape. Although my design
changes were able to ameliorate the shape’s contribution on the acoustics, the focusing of
the stage back wall cannot be treated without either a stage redesign or by the placement of
structures on the stage area that would compromise the already small available useful space
on stage.

I am told that one of the senior architects at Knight and Assoc. has offered to redesign
the stage area at no most. My candid opinion on this suggestion is that an expert steam
boiler designer is not qualified to design nuclear reactors. An alternative is for me to design
a reasonably-priced structure that would be attached to the present stage back wall. This
would require that the stage area and the front of the orchestra section be resurveyed,
since the existing blueprints differ in several important ways from these portions of the
current auditorium. The new design would include calculations with which to estimate its
effectiveness.

To conclude, elevating the acoustical qualities of the APS auditorium significantly is both
feasible and worthwhile and can be accomplished at reasonable costs.
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Figure 2a. Acoustic reflectors.

increasing the density of secondary reflections
They also provide low-frequency diffusion.

Provide high-frequency reflections,
at listening locations.

11




Figure 2b.

reflectors.
symmetry corresponds to source on axis.
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EASI

APPENDIX

The Acoustics of Advanced Photon Source Auditorium
A Report

Scope

EASI was engaged to perform three types of measurements on the Auditorium;
noise measurements, reverb time measurements and an evaluation of the performance of
the sound reinforcement system. The measurements were performed using a TEF 20
system with a Macintosh Powerbook 170 host and a Bruel & Kjaer model 4007
microphone.

The Measurements

Noise

To perform the noise measurements, the measurement mic is placed in a number of
locations in the auditorium and on stage The computer takes samples in each octave band
and integrates the levels for 4 seconds. The data are then displayed on a standard Noise
Criterion. graph. In addition to the graph, a one number score is displayed indicating what
Noise Criterion is met. In addition to the NC measurements we performed a fast response
spectral analysis of the noise to see if there were any specific frequencies present that might
indicate the cause or source of the noise.

Reverb Time :

The measurement of reverberation is a controversial topic. We use a technique
called Time Delay Spectrometry to measure the Energy Time Curve in specific frequency
bands. A Schroeder integration is performed on the ETC and from that the slope of the
decay is measured and extrapolated out to 60 dB. This is a somewhat cumbersome
approach to Rt measurement, and it requires subject to some subjective interpretation of the
data to remove the energy of the direct sound. We believe, however , that this approach
gives us the best correlation with the subjective impression of the room. The other problem
with measuring Rt is that very few small auditoria actually have statistical reverberant
fields. This means that if one were to take 50 measurements in the space, one would
receive 50 different numbers. Since it was not the purpose of this test to be exhaustive, we
made RT measurements in 2 locations that were felt to be representative of the vshole space.

Evaluation of the PA System.

When these measurements were performed the central cluster was apparently not
operative. It should be noted that the preferred way to cover an auditorium is from 2 central
cluster and not from speakers on the sides of the proscenium.

We made 3 different kinds of measurements in 5 seats in the auditorium. Two seats
were in the balcony and three on the main floor. The first set of measurements were
Energy Time Curves (ETC) made using the Time Delay Spectrometry algorithms running
on the TEF 20. These measurements show the first 20 to 30 milliseconds of the energy
that arrives at each of the seats. Ideally,! each seat should receive the direct sound from
the loud- speaker followed by a gap, the early reflections and then the reverberant field.

The next set of measurements were frequency response measurements. This is a
way to look at the coverage of the system. Again these were made using the Time Delay
Spectrometry algorithms running on the TEF 20. The measurement are of the direct sound
arriving at the listeners ears. The frequency response curves do not include contribution
from the room.

IThis is the ideal in a speech reinforcement system. In a performance environment it is desirable to have
the direct sound closely followed by a richly diffuser early sound field followed by areverberant field.
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EASI

The final set of measurements that were made to evaluate the performance of the
sound system are the intelligibility measurements. These measurements were made using
the RASTI (RApid Speech Transmission Index) method of predicting speech intelligibility.
This is a technique that measures the modulation transfer function of the system once again
using Time Delay Spectrometry to collect the data. It should be noted that the RASTI
measurements that we made are not “calibrated” measurements. As such they cannot be
used for absolute comparison to other systems. They are valid for comparing the relative
intelligibility in different parts of the room.

Analysis

Noise

The noise measurements consistently show that the room meets a Noise Criterion
of 40-45. This is, in our opinion, excessive. In auditoria that are used for either lecture or
performance, NC s of 25-30 are expected. The spectrum of the noise indicates that the
source of the noise is the face diffusers. The noise is due to turbulence induced in the flow
by the slot diffusers as the air enters the room. The solution is to either reduce the velocity
of the air 2 or use a different form of diffuser that maintains a laminar air flow. The
subjective effects of noise levels this high include speech that is difficult to understand,
lecturers finding it difficult to talk over the noise floor, and the noise masking the more
delicate passages of a performance.

RT60 '
The reverb measurements are quite interesting in what they reveal. First there was
no evidence of a well integrated homogenous reverberant field. At most this room would

be classified as semi-reverberant. The interesting feature of the reverb curve shown below
is that the reverb time climbs as the frequency increases. :

reverb time vs frequency
2 -
”’ 1-5 T
T
S
e 11
a
0.5 +
0 } } } } } —
N N N N N i o e
= < L = = o o
o N O N
o @ S o S © o
— (8} < w0 <] - (8
octave band

2 Typically systems that need to meet stringent NC limits use velocities of less than 500 CEM.
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EASI

This is most likely due to the construction of the walls which is quite diaphragmatic and
thus absorbent in the low end. It is also likely to be the result of the diffusers that are use
on the walls. These diffusers are doing a good job from 800 hz on up and they contribute
to a pleasing midrange and high end. The subjective effects of this kind of reverb curve
include a feeling that there is nor enough support to the low registers of music performed
there. The room will feel rather “live” but never “boomy”.

PA Evaluation

The final set of measurements were made to try to evaluate the performance of the
PA system. As was noted earlier, the central cluster was not operative so the results are not
surprising. The ETCs, Freq. response and RASTI measurements all agree that
intelligibility and coverage from the speakersin the side walls is marginal.

RECOMMENDATIONS

It is our recommendation that the noise be addressed. Even if it can only be
reduced to an NC 35, this would be a great improvement. We would not recommend any
attempt at changing the acoustics other then trying to reduce the effect of havin g a curved
wall behind the podium. We did not measure this feature, but the subjective effects of
standing in the focus of this curve are severe. We recommend some sort of absorber
placed on the front wall. Finally we can only assume that the central cluster will periorm
better than the speakers mounted in the side walls. We do recommend however, that the
side speakers be aimed out towards the audience more and that some method to access the
speakers in case of failure be devised .
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NC Octave Band SPL Mag of Argonne.1.nc

Test Title: Noise tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:47 PM ,
Location: Argonne APS :
Job description: Stage noise

ref. 0.000020 Pa.

AMPLITUDE:|:

FREQUENCY: I | I I 1 1 { |
in Hz 63 125 250 500 1000 2000 4000 8000

77 4

Test Parameters Calibration

integration Time 4 Seconds Reference Unit Pascal
Voits Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Input

Preamp Input: A
Preamp Gain Channe! A: 56dB
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" NC Octave Band SPL Mag of Argonne2(NC)

Test Title: Noise tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:48 PM
Location: Argonne APS

Job description: Down Stage noise

80.00-;

70.00—;

60.00—:

50.00

ref. 0.000020 Pa.

40.00—{;

30.00—;

AMPLITUDE:|:
in dB

FREQUENCY: l I I I I l l |
in Hz 63 125 250 500 1000 2000 4000 8000
1E2r

Test Parameters Calibration

Integration Time 4 Seconds Reference Unit Pascal
Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Input

Preamp Input: A
Preamp Gain Channel A: 56dB
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Test Title: Noise tests
User Name: Doug Jones

NC Octave Band SPL Mag of Argonne 3(NC)

Date: Thursday, October 12, 1995 at 8:57 PM

Location: Argonne

Job description: Orch. Center

80.00—:
70.00-
60.00—:

50.00~1=wy;

ref, 0,000020 Pa.

40.00—:

30.00—;

AMPLITUDE:|:
in dB

FREQUENCY: ! !
in Hz 63 125

774

Test Parameters

Integration Time 4 Seconds

500 1000 2000 4000

Calibration

Reference Unit Pascal

Volts Per Reference Unit 0.002500

Zero dB Reference Value 0.000020
Input

Preamp Input: A
Preamp Gain Channel A: 56dB
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NC Octave Band SPL Mag of Argonne-4(NC)

Test Title: Noise tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 9:06 PM
Location: Argonne

Job description: Balcony Center

80.00—:

70.00—;

60.00:

50.00-:

ref. 0.000020 Pa.

40.00{

30.00-:

AMPLITUDE:|:
in dB

FREQUENCY: I I | I I I I 1
in Hz 63 125 250 500 1000 2000 4000 8000

zr

Test Parameters Calibration

Integration Time 4 Seconds Reference Unit Pascal
Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Input

Preamp Input: A
Preamp Gain Channel A: 56dB
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NC Octave Band SPL Mag of Argonne NC.5

Test Title: Noise tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 10:14 PM

Location: Argonne

Job description: Orch. Center, with air handler on per engineer

80.00—:

70.00—:

60.00—:

50.00:

réef. 0.000020 Pa.

40.00-;

30.00—;

AMPLITUDE:|: : : : < : . :
indB : : : : : T—

FREQUENCY: l 1 i 1 1 i | ]
in Hz 63 125 250 500 1000 2000 4000 8000

77 4

Test Parameters Calibration

Integration Time 4 Seconds Reference Unit Pascal
Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Input

Preamp Input: A
Preamp Gain Channel A: 56dB
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1/3 Octave Band RTA of Argonne.stage

Test Title: Argonne noise

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:55 PM
Location: Front of procenium

Job description: Average spectrum

=

74 T NN
54.—-.........---.........-...-.

218 By

308

AMPLITUDE:| 5

indB
FREQUENCY: L] 50T &2l 1ho] i
in Hz 32 50 80 125 200 315 500 8001.25k 2k 3.15k 5k 8k 12.5k 20k
77 4
Test Parameters Calibration
Response Time = Fast Reference Uni't‘ Pascal
Signal Type = Noise Voits Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Input

Preamp Input: A
Preamp Gain Channel A: 56dB
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1/3 Octave Band RTA of Argonne.2.rta

Test Title: Noise tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 9:10 PM
Location: Argonne

Job description: Balcony noise, HVAC on

74 I O I

54
42

30

AMPLITUDE:| &
indB

FREQUENCY:
in Hz

25 4k) 6.3kJ10k) 16k} ALL
32 50 80 125 200 315 500 8001.25k 2k 3.15k 5k 8k 12.5k 20k

77 4

Test Parameters Calibration

Response Time = Fast Reference Unit Pascal
Signal Type = Noise Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
input

Preamp Input: A
Preamp Gain Channel A: 56dB
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ETC Mag of Argonne.1

Test Title: Sound System Analysis
User Name: Doug Jones
Date: Thursday, October 12, 1985 at 7:45 PM

Location: Argonne APS
Job description: Mic in 3rd row, center seat, no eq

5500 ..... FUENTRE T OO 0
50,00 b
4500_‘ ..... oo o
wobii bt
AMPLITUDE: ‘g .....
in dB ¢

TIME: J
in ms 19 21

77 d

Test Parameters Cursor
21.663 ms 23.472 ms A1.809ms:

Start Frequancy  (Hz) 100.0 + 244581, €D 26500,  azost.
Stop Frequency  (Hz) 20000.0. 50.87 dB 49.69 dB A-1.18dB

Center Frequency (Hz) 10050.0 )
(Hz) 19900.0 Calibration

Frequency Span
Sweep Time (Secs) 4.01 Reference Unit Pascal

Receive Delay (mSecs) 19.0000 Volts Per Reference Unit 0.002500
ETC Time Span (mSecs) 21.87 Zero dB Reference Value 0.000020
Number of Samples : 1024 Propagation Speed 1129.00

Window Type HAMMING Input

Preamp Input: A
Preamp Gain Channel A: 52dB
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TDS Log Mag of argonne.2

Test Title:

User Name:
Date:

Location:

Job description:

008000000000 amEIeancOnNeconetesINstOOmOTmOcNOTT

60,00 tecssstans f : X

U | ...... e

........ - SN I

I | .............. .......... §
AMPLITUDE: ............. g ........ § ...... é ....g...é...é...é..é .............. ; ........ E ......E....é....é...:...é..z. ..............
in dB Ll e : . ...

FREQUENCY:
in Hz 100 1000 - 20000

7zr
Test Parameters

Start Frequency  (Hz) 100.0
Stop Frequency  (Hz) 20000.0
Sweep Time {Secs) 4.05
Receive Delay (mSecs) 21.663317
RESOLUTION:

Time (mSecs) 1.00
Distance (ft) 1.13
Frequency (Hz) 1000.00
Sweep Rate (Hz/Sec) 4909.54
Bandwidth (Hz) 4.910
Best Frequency Resolution OFF

Calibration

Reference Unit Pascal

Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Propagation Speed 1129.00

Input
Preamp Input: A
Preamp Gain Channel A: 52dB

Number of samples: 1024
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ETC Mag of argonne .3

Test Title: Sound System Analysis

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:01 PM

Location: Argonne APS

Job description: Mic in back row, center seat, no eq

55.00—:

50.00—;

45.00fiswesfereigerivechenes

4o.oo—;

35.00-:

AMPLITUDE:|:
indB

TIME:

Inms

774

Test Parameters

Start Frequency  (Hz) 100.0
Stop Frequency  (Hz) 20000.0
Center Frequency (Hz) 10050.0
Frequency Span . (Hz) 19900.0
Sweep Time (Secs) 4.01
Receive Delay (mSecs) 32.0000
ETC Time Span (mSecs) 21.87
Number of Samples: 1024
Window Type HAMMING

e 608000860808 0000a0IEEsoemanacm st nesotetets P et itaeteersmereemI ormitec®meetsrstscsssscssossscsssmcsscncene

..............................................
pigod g i

1 1 1 1 %

44 46 48 50 52 54

Cursor
34.312ms 53.809 ms A 19.497 ms
~+ se73sn. D eorsof.  az2013tt
43.87 dB 454 dB A-39.33dB
Calibration

Reference Unit Pascal

Volts Per Reference Unit 0.002500

Zero dB Reference Value 0.000020

Propagation Speed 1129.00
Input

Preamp Input: A

Preamp Gain Channel A: 52dB
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Test Title:
User Name:

Date:

Location:
Job description:

60.00-

50.00—

40.00-

30.00-

20.00-
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TDS Log Mag of argonne.4

]
H . . . .
M
H . . .
s
. - .
.
. . -
.

........... Qeseecsesitenccslonsetbovcenet
.
. .
O

assssssncecsssssccciosecense

0 0 .
- - - .«
. . . -
. . . -
- . . .

FREQUENCY:
in Hz

IZF

100

Test Parameters

Start Frequency
Stop Frequency
Sweep Time

Receive Delay (mSecs) 34.311558

(Hz) 100.0
(Hz) 20000.0
(Secs) 4.05

RESOLUTION:

Time
Distance
Frequency

Sweep Rate

Bandwidth

(mSecs) 1.00
(it) 1.13
(Hz) 1000.00
(Hz/Sec) 4909.54
(Hz) 4.910

Best Frequency Resolution OFF

Number of samples: 1024

1000

Calibration

Reference Unit Pascal

Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Propagation Speed 1129.00

Input

Preamp Input: A
Preamp Gain Channel A: 52dB
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ETC Mag of argonne.5

Test Title:  Sound System Analysis
User Name: Doug Jones ,
Date: Thursday, October 12, 1995 at 8:06 PM

Location: Argonne
Job description: Stage right row 5 isle seat, no eq

DT I RS R0 FUOUS SOO DO SO SOP OSSO0 SO0 IOOF:
A A A S A A 2 I
3500_._’_;............ PPN VRS- SPVITS- RS TS SRV RS SRS SUUS:
30'00_é....:....g....:....%.. .§....§....~....: ........... ; ..... ' ........ . ..E.. ctes -.:. . Neeet

AMPLITUDE:]: l h
in dB : : :!E : T Il 1R
. s /TN}e .« g - - . o .
| 1 | i | i }

TIME: l !
in ms

77

23 25 27 29 31 33 35 37 39 41

Cursor
23.472 ms
26.500 ft.
1252 dB

Test Parameters

Start Frequency  (Hz) 100.0
‘Stop Frequency  (Hz) 20000.0
Center Frequency (Hz) 10050.0
Frequency Span  (Hz) 19300.0
Sweep Time (Secs) 4.01

A-0.101 ms
A-0.113 {t.
A-22.26 dB

23.573 ms
26.614 ft.
34.77 dB

Calibration

Reference Unit Pascal

Receive Delay (mSecs) 19.0000
ETC Time Span (mSecs) 21.87
Number of Samples: 1024
Window Type HAMMING

Volts Per Reference Unit 0.002500

Zero dB Reference Value 0.000020

Propagation Speed 1129.00
Input

Preamp Input: A

Preamp Gain Channel A: 52dB
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TDS Log Mag of argonne.6

Test Title:

User Name:
.Date:

Location:

Job description:

50.00_ ............ ‘z ........ : ...... : .--.g--.:.- . 3
40.00- .‘...........;........:......:....i...:......:..f. P veesssscacane
30,003 eerererenns foeeennns YOI PR SN UL T 18 NP PPPIS
20.00-] ...; ........ eesans y ....g...:...:...:..;. ..............;..............:....:
10,00 caerereeeees é ........ eesens eeeejeeerespaneegelestanansenaes
AMPLITUDE: g . R
in dB H . el e e e
FREQUENCY: .
in Hz 100 1000 20000
X |
er

Test Parameters

Start Frequency (Hz) 100.0

Stop Frequency  (Hz) 20000.0
Sweep Time (Secs) 4.05
Receive Delay (mSecs) 23.572865

Calibration

Reference Unit Pascal

Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Propagation Speed 1129.00

RESOLUTION:

Time (mSecs) 1.00 _ Input
Distance (ft) 1.13 Preamp Input: A

Frequency (Hz) 1000.00 Preamp Gain Channel A: 52dB
Sweep Rate (Hz/Sec) 4909.54

Bandwidth (Hz) 4.910

Best Frequency Resolution OFF
Number of samples: 1024
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ETC Mag of argonne.7

Test Title: Sound System Analysis

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:18 PM
Location: Argonne

Job description: Balcony, center, center, no eq

50.00—E--..g----g..--g----\.--.%...-;s---.s....g ........... § .......... .g essodescend
45‘00-—g»oooéoo.aéno..éo-oo%n-uc%oo.a% ccccc seasscsns’ i snncssescsonncesaccesses
40,00 eeeeteersiornsionniioraitoiiiioiniiinndioenien i donn denuedhe
35,00k +seefeeeeireriorndneduredicsdinndindin s b i e Lo
3000_ ..... Fevedenedurndnednedonnd evedene et o
AMPLITUDE:: ¢ & ¢ ¢+ & ¢ ¢+ ¢ @ ¢
indB . - . - . E - - - . - -

T T R B I EE S R
in ms 30 32 34 36 38 40 42

zr

Test Parameters Cursor
, 44171 ms 44221 ms A 0.050 ms
Start Frequency  (Hz) 100.0 ~+ 408s0tt. D 40026ft  A0.0STH
Stop Frequency  (Hz) 20000.0 54.42 dB 47.96 dB A -6.45 dB
Center Frequency (Hz) 10050.0

Frequency Span  (Hz) 19900.0 Calibration
Sweep Time (Secs) 4.01 Reference Unit Pascal
Receive Delay (mSecs) 30.0000 Volts Per Reference Unit 0.002500
ETC Time Span (mSecs) 21.87 Zero dB Reference Value 0.000020
Number of Samples : 1024 Propagation Speed 1129.00
Window Type HAMMING Input

Preamp Input: A

‘Preamp Gain Channel A: 52dB
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TDS Log Mag of argonne.8

Test Title: Sound System Analysis

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:16 PM
Location: Argonne

Job description: Balcony, center, center, no eq

s T R R R R R RN R IEE LR R A R LR LR A At R et dad it S A

70.00—& ce-eenceenn .'g ........ : ...... : ....§ ...........................
60.00— .............; ............:....i... cesecsssssoee
50.00_ ............. %. ..... ..:-....-:-..-%.... :
40,008 e enreernsdeennenad Feeeedreeatende el : : : :
30,00 eeeernnnnn .,m ...... IURURTR JURTR m"
AMPLITUDE: A S . Pl
in dB I : e
FREQUENCY: ‘
in Hz 100 1000 20000
x4
cr
Test Parameters Calibration

Start Frequency  (Hz) 100.0

Stop Frequency  (Hz) 20000.0
Sweep Time (Secs) 4.05
Recsive Delay (mSecs) 44.170853

Reference Unit Pascal

Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Propagation Speed 1129.00

RESOLUTION:

Time (mSecs) 1.00 Input
Distance (tt) 1.13 Preamp Input: A

Frequency (Hz) 1000.00 Preamp Gain Channel A: 52dB
Sweep Rate (Hz/Sec) 4909.54

Baridwidth (Hz) 4.910

Best Frequency Resolution OFF
Number of samples: 1024
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ETC Mag of Argonne.9

Test Title: Sound System Analysis

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:19 PM

Location: Argonne

Job description: Balcony, center, stage right, no eq

50.00....é....g....E....g....?....?
45.00—éou--%-.oo%unoo%o-ooénoo.-é-
40'00.-E....E....E....é....E.....é....:. ...........................................
35.00_é....é....g....g....;s....g
30.00_g....g....%....%....§.....§.....§.....:.....:.....;.....;.....;.....;.....:.....: .......
AMPLITUDE:|: @ :
in dB S T R
TIME: ! J !
in ms 30 32 34
cr

Test Parameters

Start Frequency  (Hz) 100.0
Stop Frequency ~ (Hz) 20000.0
Center Frequency (Hz) 10050.0
Frequency Span  (Hz) 19900.0
Sweep Time (Secs) 4.01
Receive Delay (mSecs) 30.0000
ETC Time Span (mSecs) 21.87
Number of Samples : 1024
Window Type HAMMING

/

Cursor
45.126 ms 45.025 ms A-0.101 ms
~+ soea7i. @D sosmf  a-0113t
54.85 dB 34.04 dB A-20.81dB
Calibration

Reference Unit Pascal

Volts Per Reference Unit 0.002500

Zero dB Reference Value 0.000020

Propagation Speed 1129.00
Input

Preamp Input: A

Preamp Gain Channel A: 52dB
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TDS Log Mag of argoﬁne.10

Test Title: Sound System Analysis

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:22 PM
Location: Argonne

Job description: Balcony, center, stage right, no eq

70.00—

60.00-

50.00—

40.00

30.00

20.00-

AMPLITUDE:
in dB

FREQUENCY:
in Hz 100 1000 20000

1Zr
Test Parameters

Start Frequency  (Hz) 100.0

Stop Frequency  (Hz) 20000.0
Sweep Time (Secs) 4.05
Receive Delay (mSecs) 45.125629
RESOLUTION:

Calibration

Reference Unit Pascal

Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Propagation Speed 1129.00

Time (mSecs) 1.00 Input
Distance () 1.13 Preamp Input: A

Frequency (Hz) 1000.00 ’ Preamp Gain Channel A: 52dB
Sweep Rate (Hz/Sec) 4909.54

Bandwidth (Hz) 4.910

Best Frequency Resolution OFF
Number of samples: 1024
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RAST!I of Argonne. intel.1

Test Title: Intel tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:28 PM
Location: Argonne APS

Job description: Balcony center stage right, no eq

TEF RAPID SPEECH INTELLIGIBILITY (RASTI) TEST
FREQUENCY STI EARLY RT6@ S/N RATIO

e et e s Gt s et e et ey Gy ot D e Gt e G G P i S S e - — — —— > > o T

500 Hz 0.50 1.65 sec. -0.0dB
2000 Hz 0.53 1.27 sec. 0.8dB
--------- OUERALL ————————-
STl = 0.51 '

Equivalent S/N Ratio = 0.4 dB
Equivalent Early RT60 = 1.46 sec.

--- SUBJECTIDE EDALUATION —-
FAIR

1Zr
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RASTI of Argonne. intel.2

Test Title: Intel tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:28 PM
Location: Argonne APS

Job description: Balcony center stage right, no eq

TEF RAPID SPEECH INTELLIGIBILITY (RASTI) TEST
FREQUENCY STI EARLY RT68 S/N RATIO

————————— — — ————— - — e —— ———— — ——— —— — —————

500 Hz 0.57 1.10 sec. 2.2dB
2000 Hz 0.57 1.11 sec. 2.0dB
————————— ODERALL ————————
STI=057

Equivalent S/N Ratio = 2.1 dB
Equivalent Early RT60 = 1.10 sec.

—-- SUBJECTIDE EUALUATION -~
FAIR

77
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RAST! of argonne intel.3

Test Title: Intel tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:37 PM
Location: Argonne APS

Job description: center, stage right, no eq

TEF RAPID SPEECH INTELLIGIBILITY (RASTI) TEST
FREQUENCY STI EABLY RT68 S/N RATIO

- i s et . e Gy G e v S ——— — ——— o0 St S e e Bt St - s Gt e e > et s e

500 Hz 0.67 0.74 sec. 5.0dB
2000 Hz 0.47 1.61 sec. -0.8dB
--------- OUERALL ————————-
STl =057 '

Equivalent S/N Ratio = 2.1 dB
Equivalent Early RT60 = 1.18 sec.

-—- SUBJECTIVE EUALUATION -~
FAIR

177 4
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RAST!I of argonne.intel.-'i

Test Title: Intel tests

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:39 PM
Location: Argonne APS

Job description: center,rear, no eq

TEF RAPID SPEECH INTELLIGIBILITY (RASTI) TEST
FREQUENCY STI EARLY RT6@ S/N RATIO

——— - G o —— > S — —— ——— — —————— 4 St ot o — ————— - 0 o o —

500 Hz 0.63 0.86 sec. 3.9dB
2000 Hz 0.50 1.43 sec. 0.1dB
--------- OVERALL ————————-
STI=0.57

Equivalent S/N Ratio =2.0 dB
Equivalent Early RT60 = 1.15 sec.

-—- SUBJECTIUE EVALUATION --
FARIR

77 4
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RAST! of argonne. intel.5

Test Title: Intel Tests
User Name: Doug Jones

Date: Thursday, October 12, 1995 at 8:43 PM
Location: Argonne

Job description: Center front

TEF RAPID SPEECH INTELLIGIBILITY (RASTI) TEST
FREQUENCY STI EARLY RT6@ S/N RATIO

—— — — o, Gt ot Gt G S Bt ——— —— ——————————— — —— —— — ——— - o ——

500 Hz 0.55 1.26 sec. 1.5dB
2000 Hz 0.55 1.26 sec. 1.4dB
--------- OVERALL ———-————-
STl =0.55

Equivalent S/N Ratio = 1.5 dB
Equivalent Early RT60 = 1.26 sec.

--— SUBJECTIUE EURLUATION -~
FAIR

77 o
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ETC Mag of ARGONNE.RT.1

Test Title:

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 9:26 PM

Location:

Job description: MEASURED IN BALCONY, SPKR ON STAGE

T -] ccccacccccccccccacmetsctserceccstscraaccssrmoctatttsesratorasentersiNcstratancttesssttscr ot meccsstnes
LS : : : : :
70_00_§ ...................... ........................ ......................... ........
60.00_ §. :, ............... E\ .................................................. é ------------------------ g -------- g
50.00_3 ..... ') (R E. .................................................. ‘ ........................ : ........ :
: 3! : : : : :
40_00-5 ......... ;& ......... E ........................ : ......................... 5 .........................; ........ :
30.00- 1 1 : g : :
LT 1 CIREEE N 1 T P T L L LAY I .. oA, (e eeeeet
' - TR s
20.00— .................... - v . - A ¢4 (R e e Folfecccenee voe ..-... A :
10.00_§ ........................ ;\ ................... ' S0 A L AP .: ..................... 1. eades
0.00_5 ........................ :.........................E. .................. sessen E........................5 ....... E
_10000_§ ........................ ........................ ......................... .............. .
AMPLITUDE:§ ........................ s ........................ e ereeereenennenannas ........................ . ....... .
in dB : : : :
TIME: J ' ! J !
in ms ) 1000 2000 3000 4352
V77 of '
Test Parameters Cursor
290.000 ms 670.000 ms 120.000 ms RT60 =
Start Frequency  (Hz) 100.0 + 27410t @ 7seazor.  HY 1ss4s0t 0.87 Sec
Stop Frequency  (Hz) 200.0 . 59.25dB 33.05 dB dB Down 17.12
Center Frequency (Hz) 150.0 % AbLcons 4.90
Frequency Span  (Hz) 100.0 Calibrati
Sweep Time (Secs) 5.03 afibration
Recsive Delay (mSecs) 0.0000 Reference Unit Pascal
ETC Time Span (mSecs) 4352.00 Volts Per Reference Unit 0.002500
Number of Samples : 1024 Zero dB Reference Value 0.000020
Window Type HAMMING Propagation Speed 1129.00
Input

Preamp Input: A
Preamp Gain Channel A: 56dB
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Test Title:
User Name: Doug Jones

ETC Mag of ARGONNE RT 2

Date: Thursday, October 12, 1995 at 9:26 PM

Location:

“Job description: MEASURED IN BALCONY, SPKR ON STAGE

so.oo-é-
so.oo—i
4o.oo—§
so.oo—-i
20.00:
1o.oo-§
o.oo—§

-10.004:

-20.00—%----.----..-.--.............; ............................ § ............................ %

AMPLITUDE: . ........................ , ............................ ............................

in dB

md 00000 possos0a000g00000

TIME: |
in ms 0
1zr
Test Parameters

Start Frequency (Hz) 186.0
Stop Frequency  (Hz) 300.0
Center Frequency (Hz) 243.0
Frequency Span  (Hz) 114.0
Sweep Time (Secs) 5.03
Receive Delay (mSecs) 0.0000
ETC Time Span (mSecs) 3817.54
Number of Samples: 1024
Window Type HAMMING

1000 2000 3000

Cursor
289.474 ms 842.105 ms 105.263 ms

~+ sestetr. D osorarr.  HH 11sse2t. -

47.79dB 24.49dB

Calibration

Reference Unit Pascal

Volts Per Reference Unit 0.002500

Zero dB Reference Value 0.000020

Propagation Speed 1129.00
Input

Preamp Input: A

Preamp Gain Channel A: 56dB
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RT60 =

1.42 Sec

dB Down 16.58
% Alcons 7.12




ETC Mag of ARGONNE RT3

Test Title:

User Name: Doug Jones

Date: Thursday, October 12, 1995 at 9:26 PM

Location:

Job description: MEASURED IN BALCONY, SPKR ON STAGE

70.00:
60.00: -
50.00—%-- -
40.00-%-‘

30_00—.3.. -:-....:... .E....:. -.:.

20.00-1: : : S R
S NN N L L T

0.00—f:wseedeesndeenes TS S S e T L - s
SOSPORE 0 VO VO VU OO OO0 O O OO O WO OO SO Ol SO Ot
IPTTCT TUUN SUU SOUS: SUPHS JUPH U SORE SOPOR: OOV SOPOE SOOOE SO SR SUORS SR SOUR: SOO0E SO SO0 SO0 |
AMPLITUDE: [ e eevedrven breebense s binedunendiencdd cerfenne b evefereedien b b

e — 1
in ms 0 200 400 600 800 1000 1200 1400 1600 1800 2034
77 4

Test Parameters Cursor
St Frequency  (2) 2060 somen @ mron [ sssoeh 1415

Stop Frequency  (Hz) 500.0 54.54 dB 28.86 dB dB Down 26.51
Center Frequency (Hz) 393.0 ‘ % Alcons 11.17

Frequency Span  (Hz) 214.0
Sweep Time (Secs) 5.03
Receive Delay (mSecs) 0.0000 Reference Unit Pascal

ETC Time Span (mSecs) 2033.64 Volts Per Reference Unit 0.002500
Number of Samples : 1024 Zero dB Reference Value 0.000020
Window Type HAMMING Propagation Speed 1129.00

Input

Calibration‘

Preamp Input: A
Preamp Gain Channel A: 56dB
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ETC Mag of ARGONNE RT4

Test Title:

User Name: Doug Jones .

Date: Thursday, October 12, 1995 at 9:26 PM

Location:

Job description: MEASURED IN BALCONY, SPKR ON STAGE

ceooe Y L R R L R I ¥

T ETE S N O T Soce SOITEY SORPS SOPCRS PRS- JORRS SURSRY SOUREY SRR SRR
T R B R ) LIl RIes SERRE: SRN SO SO SR SEE LR RN SR S

50.00_§.... ,. . "']‘ ...:... .;......E ...... g. ..... § ..... foeccadooncnd ; ............ fooses % ............ g e
40.oo_§.. . é.. ...é..... ‘:-..... g i "l '."“‘ | eelees "".3".”? ..... ..‘...g ...... E......f ..... ;......: ...... : ..;
3000~ f--feeendeeeenidaniis i l'..iﬁ‘, . "hm foeeediendocndinndindin i dd

JONONE % U OO OO OO0 A SO

: : : T : : SR T S : A1 7% :
Y11 HUUR U UL SUUUIE PP OPPUE-PPY. P SO SO SRR ALY 1 ) B :.. Y Ak i

: : : : : : : : : : : : : : : : i -
o.oo—s ..... E ...... E ...... :s ..... :\ ..... lecsse E ...... eeevee ; ..... foecoseos g ..... ; ...... eeesee ; . ...:- ..-: ..... T8 O s
-10.00_§ ..... § ...... é ...... ;\ ..... :: ..... Becoeas tacoes P §- ..... : ..... g ----- Pecscastnescaa :: ----- Seesee tesese é ........ E
IPYYo IOUUNS SUUUS SUPRS: SUOUR SOPPSE WU SORPS SURI: SOPPEE JOORE DRI RIS SIS SOPORE SRS SRS SOROE
AMPLITUDE:F e vees fovveeeneeereesensesbrvseedeneeberensionsssionesedoenssionnseabunonefueseeunsesfreneedes
indB : : : : : : : : : : : : : : : : e
TIME: I I 1 i I 1 1 1 1

in ms 0 200 400 600 800 1000 1200 - 1400 1741
cr

Test Parameters - Cursor
220.000 ms 672.000 ms 48.000 ms RT60 =

Start Frequency  (Hz) 450.0 - 2483801 D 7ssesst. P sate2it  1.15Sec

Stop Frequency  (Hz) 700.0 54.28 dB 30.73dB dB Down 17.45

Center Frequency (Hz) 575.0 % Alcons 9.13

Frequency Span  (Hz) 250.0

Sweep Time (Secs) 5.03

Receive Delay (mSecs) 0.0000 Reference Unit Pascal

ETC Time Span (mSecs) 1740.80 Volts Per Reference Unit 0.002500

Number of Samples : 1024 Zero dB Reference Value 0.000020

Window Type HAMMING ' Propagation Speed 1129.00
Input

Calibration

Preamp Inplt: A
Preamp Gain Channel A: 56dB
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Test Title:

User Name: Doug Jones

ETC Mag of Argonne RT5

Date: Thursday, October 12, 1995 at 9:26 PM

Location:

Job description: MEASURED IN BALCONY, SPKR ON STAGE

000 000000eeNr I aim et Ismeor N tecmoooamacteInIcnomcscssenootmans

P R R R R Ry R P TR R R TR X R

O CIUUUR NN SN > U JOUUE OURE SUUUE SO UL SO SUPE S0 SO PO DU PO SOF: POTTIPOOF SOORF NS
ok e S S-S T S-S S S S SN SN S-S S S

50.00f:-[ ¥ mi . Sz e R SOTS STk STOT-TOIS TR SO A

N L L ot : A S A -
40‘0°—§.|~.§o..0§0 ..Eo 1 v L o R ftepeaefd e sVagecbeone 2 E BEXED s ', 'o.-o-‘:.o.n.ogo--o::.oo.g
30_00_.- 4 .g.. .E. ..g.. ’g““f' y T .é. é. ..,E...g
YT 1+ 1 CIY UG SRS SOPUR SO UVRNPORE-JUNN RS SN R R
10.00~ --- : TR
T - (Y I il :

T LT CTRTTOUOL FONOY OO0 RS SOO SO OO0 SOP0: OO0 IO ‘ST S HE
SEPTTCO FUUNE SO0 JOU0E PUOE SO SOOS SUPE OO OO JON NS SIOS: SOOS SOOK SOS: SOR SORF IOS SORE SE % 2 ¥
AMPLITUDE:E....é---.E----é....E--..S..-.-S.....E---..E..---5-..--:--...:.----E ..... E ..... E ----- E ..... E ----- E .-3..3--.--2...--E.-.o-s..-.
in dB A T A T N T T I I T T
TIME: i i i | 1 1 | | t 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2176

in ms
77 o
Test Parameters
(Hz) 700.0
Stop Frequency  (Hz) 900.0
Center Frequency (Hz) 800.0
Frequency Span  (Hz) 200.0
Sweep Time {Secs) 5.03
Receive Delay (mSecs) 0.0000
ETC Time Span (mSecs) 2176.00

Number of Samples : 1024
Window Type HAMMING

Start Frequency

Cursor
1240.000 ms
1399.960 ft.
17.58dB

60.000 ms

H s7.7201.

305.000 ms
344.345 ft.
47.83dB

Calibration
Reference Unit Pascal
Volts Per Reference Unit 0.002500
Zero dB Reference Value 0.000020
Propagation Speed 1129.00

Input

Preamp Input: A
Preamp Gain Channel A: 56dB
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RT60 =

1.86 Sec

dB Down 28.84
% Alcons 14.98



ETC Mag of Argonne RT6

Test Title:

User Name:
Date:

Location:

Job description:

sesccee P T T T e Y LR R R R R R R N R R PR YR TR Y

SSSPOR U O e O VU SO SO OV WU OO SOV UM WO O OO
s0.00-;---[fiEl) ;,;!g““ ..... S5 SO SUURE SUOUR SOPONE SOURRR HOTOI OO SO W
0.00-f---[- L ALLAE ""'11“["]-,‘,"”“1 ....... SONTE HORHES SONNS NS O SO

. IV el : .

: : : : K "'l.l ) : : : : :
30.00—; ...... ' ....... foorees ..... . . ........ '” ’ku!:-g,l:lll ..... feoeaees ....... ,

20,00~ fheesierecens Seessesidinannne CRPYPTON- SR P MR hesedfiie "l

1o.oo-h ....... .......... ...... ....... ...... ....... ....... ..... ..... “J

0.00_2. ...... g ....... ; ....... g ....... % ...... é ....... is ...... ; ....... g ....... g ............... é ............ ! ..:. .. .
10,00 prormsrn b bbb b e 2\ b
IPYTTo0  OUUSSUPPUOE SOPPRNS PO SOVPONS SPPOPEN: SOOVPOS SONIOT: OIS SOONS SSees SR O SO,

AMPLITUDE: ...... e eoeeees ....... T Sevesase ‘ ...... SO feeeees reeeee e N ‘ ...... ,
in dB : : : : : : :

e :
inms 0 100 200 300 400 500 GOQ 700 800 900 1100 1451

zr

Test Parameters Cursor
233.333 ms 823.333 ms 6.667 ms RT60 =
Start Frequency  (Hz) 900.0 263433 ft. D o20543ft. [ 7527 . 1.74Sec
Stop Frequency  (Hz) 1200.0 48.58 dB 28.27 dB dB Down 19.74

Center Frequency (Hz) 1050.0 % Alcons 14.07
Frequency Span  (Hz) 300.0
Sweep Time (Secs) 5.03
Receive Delay (mSecs) 0.0000 Reference Unit Pascal _
ETC Time Span (mSecs) 1450.67 Volts Per Reference Unit 0.002500
Number of Samples : 1024 Zero dB Reference Valus 0.000020
Window Type HAMMING Propagation Speed 1129.00
Input

Calibration

Preamp Input: A
Preamp Gain Channel A: 56dB
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ETC Mag of Argonne RT7

Test Title:

User Name:
Date:

Location:

Job description:

60.00— g ............ § ............ § ....... é ............
50.00_5....... AL O .s.. ...... v: .......
E 1 “' :L “ l l
40.00—i--"-- R 1 | R JS .. !‘. '
30.00—§ ............... eessscesdecccccccnes é ......... .:
20_00_5 ......... ..; ..... ceecane E............:....... ........... :
10.00_5.. l ssssas : ........... . E...........é ............ :.............:. :
0.00— 1] I teeesecaareas g ........... % ............ % ........... a; ........ . ...§.. .......... § ........... oo g
-10.00—---ceeeeees ............ ............ ............ ............ .......
AMPLITUDE:% ............ ............ ............ ............ ............ .......
ind8_ | : : : : : : : P
TIME: i ! 1 { i 1 i i |
in ms 0 100 200 300 400 500 600 700 870
cr
Test Parameters Cursor
172.000 ms 376.000 ms 4.000 ms RT60 =
Start Frequency  (Hz) 1500.0 4 tosiser. @D azasoar.  HH 4stee 1.33 Sec
Stop Frequency  (Hz) 2000.0 4653 dB 37.36 dB dB Down 7.76
Center Frequency (Hz) 1750.0 % Alcons 10.59
Frequency Span  (Hz) 500.0 . .
Sweep Time (Secs) 5.03 Calibration
Receive Delay (mSecs) 0.0000 Reference Unit Pascal
ETC Time Span (mSecs) 870.40 Volts Per Reference Unit 0.002500
Number of Samples : 1024 Zero dB Reference Value 0.000020
Window Type HAMMING Propagation Speed 1129.00
input
Preamp Input: A
Preamp Gain Channel A: 56dB
60



