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INTRODUCTION

It is well known that sonic booms can cause buildings to vibrate, and
these vibrations may be an important factor in determining subjective reaction.
In order to evaluate reaction of people to sonic booms of varying overpressures
and time durations, a series of closely controlled and systematic flight test
studies were conducted by the USAF in the vicinity of Edwards, California, from
June 3 to June 23, 1966. As a part of these studies and in direct support of
them, the NASA has measured the dynamic responses of two house structures,
representative of contemporary homes in the U.S.A. The purpose of this paper
is to present in brief summary form the dynamic response measurements made
in a one-story and a two-story house, respectively. The data of this paper are
reproduced from Ref. 1 which contains some preliminary results of the test
program and from two NASA-Langley working papers which are now out of

print.

Included herein are sample acceleration and strain recordings from F-
104, B-58, and XB-70 sonic-boom exposures, along with tabulations of the
maximum acceleration and strain values measured for each one of about 130
flight tests. These data are compared with similar measurements for engine
noise exposures of the building during simulated landing approaches and

takeoffs of KC-135 aircraft.



APPARATUS AND METHODS
Test Conditions

Tests described herein were accomplished in an area near the main
base complex of Edwards Air Force Base, California, (See fig. 1). The area has
an elevation of about 2,300 feet above sea level, has sparse vegetation, and is

essentially flat (See the photograph of fig. 2).

Supersonic flights were made generally from the east (See fig. 1) in such
a way that the sonic boom waves encountered no other obstructions in the
vicinity of the test structures. The sketch of figure 1 shows a planview of the
structures and an outdoor microphone array used to measure the sonic boom

exposures.

The bulk of the tests were performed in the mornings to take advantage
of the generally calm wind and atmospheric conditions prevailing at that time of

day.
Test Airplanes

Photographs of the test airplanes are shown in figure 3. Test airplane
(a), an F-104, 54.5 ft. long and having a gross weight of about 14000 Ibs, was
used in 35 flights. Mach number and aititude ranged from about 1.15 to 1.7 and
about 14,060 ft. to 35,600 ft. respectively. Airplane (b), a B-58, 96.8 ft. long and
having a gross weight of about 120,000 ibs was used in 94 flights. Mach numbers
and altitudes ranged from about 1.25 to 1.72 and about 31,000 ft. to 49,820 ft.
respectively. Airplane (¢) an XB-70, 185 ft. long and having a gross weight of
about 470,000 Ibs was used in 3 flights. Mach numbers and altitudes ranged
from 1.38 t0 2.83 and 31,800 ft. to 72,000 ft. respectively. Aircraft (d) a KC-135



having a length of 134.5 ft and a gross weight of 275,000 Ibs, was flown
subsonically in simulated landing approach and climbout operations. Although
most of the aircraft used during these tests were provided, maintained and
operated by U. S. Air Force personnel, some aircraft were provided and

operated by the NASA Flight Research Center.
Airplane Positioning

The airplanes were positioned over the test area by means of ground
control procedures with the aid of the radar tracking facilities at Edwards Air
Force Base. For supersonic operations, the pilots were provided course
corrections by the ground controller to the steady point indicated in figure 1
which is approximately 25 nautical miles east of the instrument array. Changes
were not made beyond this point in order to minimize possible effects of such
changes on the sonic boom ground pressure patterns in the test area. Radar
plotting board overlays were obtained on all flights to provide information on
aircraft position, altitude and speed. Pilot readout of indicated altitude, Mach
number, heading and fuel remaining on board were obtained at both the steady
point and over the instrument array. Supersonic flights were accomplished
along the projected ground track of figure 1 which brought the aircraft
essentially over the microphone array. In an effort to change the overpressure
values, a few B-58 and XB-70 test flights were made along ground tracks

parallel to but about 5 miles from that shown in figure 1.

The KC-135 missions were flown over the test site on approximately a

40° heading with altitude varying from 200 ft to 12,000 ft above ground level.



Weather Observations

Surface weather observations were made routinely at 1-hour intervals at
the Edwards Air Force Base Weather Facility located about two miles from the
sonic boom measurement afray. Observations of temperature; wind speed and
direction; cloud cover; and precipitation are tabulated in Table 1 for the times

closest to the test flights for which sonic boom data are included.

Rawinsonde observations from the Edwards Air Force Base weather
facility were taken at approximately 1200 and 2400 hours local time (2000 and
0800 hours Zulu) each day. Measured values of temperature and pressure;

and wind speed and direction; were provided along with calculated speed of

sound at 1000 foot intervals to the airplane test altitude.
Test Structures

The types of test structures constructed and instrumented were selected
after review of many different house plans. A one-story model and a two-story
model that were mass produced by a manufacturer of precut homes were
chosen because they seemed to represent contemporary home construction in

the U. S. A.

The one-story home had 3 bedrooms, two baths, a living room and a
kitchen-dining room-family room combination with a total living area of 1205
square feet (see figure 4(a)). The two-story home had four bedrooms, two-and
a-half baths, a living room, a dining room and a kitchen-family room with a total
living area of 1905 square feet (see figure 4(b)). Both houses had attached

garages on their west sides.



Standard construction methods and materials were involved. Douglas fir
studs, floor joists, roof sheathing, and roof trusses, 6-inch ship lap wood siding;
5/8" plywood subflooring; 1/2" gypsum wall board; 3-1/2 inch fiberglass
insulation; asphalt shingles; and double strength window and door glass were
used throughout. Both houses were finished inside and out and contained

appropriate furnishings.
Instrumentation

Test structure No. 1 was instrumented with nine accelerometers and
three strain gages to measure vibratory responses, and two full-range
microphones to measure inside pressure fluctuations (see fig. 4). Table llis
included to describe in more detail the locations of the above transducers and
the quantities measured. In addition, a cruciform array of microphones was
located outside the test structures to measure the acoustic and shock wave

inputs respectively (see fig. 1).

House structure no. 2 had eleven accelerometers and two strain gages to
measure vibratory responses; and three full range microphones to measure
inside pressure fluctuations (see fig 4(b)). Table Il is included to describe in

detail the locations of the above transducers and the quantities measured.

The outdoor microphone array was located to the northeast of structure
no. 2 as shown schematically in the inset of figure 1. Five microphones were
located at ground level in a cruciform array at 100 ft. separation distances. An
additional mast microphone was suspended at a distance of 20 ft. directly
above the central ground microphone. All data were recorded on multi-channel

magnetic tape recorders. An IRIG time signal was recorded on one channel of




each tape recorder for time correlation between the radar plots and all other
measurements. This array was located on the projected ground track of the test
flights and was employed to provide information about the wave shapes, wave
angles, overpressures, durations, and rise times of the sonic boom signatures.
Aircraft ground speeds were calculated as were the wave angles in both the

horizontal and vertical planes, based on measured arrival times.

Each cruciform array microphone system consisted of a specially
modified condenser microphone, tuning unit, dc amplifier, magnetic tape
recorder, and a direct-write oscillograph for quick visual checks on the data.
The systems had a frequency response which was flat within £ 2 dB from .02 to
15,000 Hz and a maximum sound pressure level rating of 150 dB. All
microphones were calibrated each day just before the tests with a 124 dB

acoustic signal applied at the microphone.

The accelerometers used were of the servo type and were fastened with
wood screws where possible. Molly bolts were used when accelerometers
were mounted on gypsum board panels. The signal from each accelerometer
was conditioned before being recorded on magnetic tape. The accelerometers
measured frequencies up to 500 Hz (+ 5 percent) and accelerations up to a
level of 2 "g's". They were calibrated by current insertion immediately before

the tests each day.

For each strain gage circuit, a semi-conductor sirain gage was used
followed by a conditioning network, a strain gage control panel, and a magnetic
tape recorder. The strain level range of the systems was up to to 400 m in./in.
over a frequency range from 0 to 10 K Hz. The systems were calibrated before

the tests each day by a voltage balancing method.



Block diagrams of the accelerometer, strain gage and microphone

systems are included in figure 5.

RESULTS AND DISCUSSION
Inputs to the Structures

One of the main objectives of the tests was to evaluate the responses of
the structures to sonic boom inputs of varying wave lengths. In order to
accomplish this, controlled flight tests were performed using F-104, B-58, and
XB-70 aircraft. Sample sonic boom wave forms, as measured from these
aircraft, are illustrated in figure 6. The main differences in the sonic boom
signatures from the above three aircraft were in the time durations of the
waves. The F-104 aircraft produced a signature having a time duration
generally less than 0.1 second. the B-58 signature had a time duration of about
0.2 seconds, and the XB-70 produced a time duration as long as 0.3 second.
The experiments were performed in such a way that the overpressure (Ap) was
comparable for the various aircraft. The average Ap,, At, and vertical wave
angle values are recorded in Tables IV through Xl along with the associated
aircraft flight conditions and building response data. More detailed information

relative to the cruciform array acoustic measurements is presented in Ref. 2.

In addition to the sonic boom inputs a series of flight tests were
conducted with the KC-135 airplane in order to simulate both take-off and
landing noise conditions. During these flights similar building response
measurements were made for direct comparison with the sonic boom induced

responses. The noise levels measured outside of the buildings are listed in
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Tables VIl and XI along with the KC-135 aircraft flight conditions and the

associated building response data.
Building Vibration Responses

For each test flight, strain and acceleration levels were measured at a
number of locations in each structure. A qualitative picture of the type of time
history records obtained during the sonic boom and noise exposure flights is

given by the tracings of sample records in Figures 7 and 8.

Figure 7 includes acceleration time history responses from four
transducer locations on house building no. 2 for a B-58 sonic boom exposure
(See Mission 80-RB). Each of these transient responses lasts approximately
0.3 to 0.7 second, but they differ widely in their detailed appearance. For
instance, the time history illustrated in figure 7a exhibits a nearly single
frequency vibration at about 20 cps which is believed to be the first natural
frequency of the main floor joists. The traces of figures 7b and 7c represent
accelerations of the ceiling joists of the bedroom and of the downstairs wall
studs respectively (See fig. 4b). It can be seen that superposed on the main
framing frequencies are higher frequencies which are in the audible frequency
range. The trace of figure 7d represents the accelerations of the frame of the
house as measured on the outside surface at the second story floor line. Here
also is a case where a higher frequency signal is superposed on a much lower
frequency component. This low frequency component of relatively low

amplitude is believed to be the racking frequency of the house.

Included in the data of Tables IV through Xl are peak acceleration values
for records such as those of figure 7. The positive values of the tables

correspond to upward deflections as indicated in figure 7 and represent



movements of the structure toward the accelerometer. Likewise negative
values indicate downward deflections and movements of the structure away
from the accelerometer. Note that three peak acceleration amplitudes are
included in Tables VIll, IX and X. They represent the three largest acceleration

peak values (positive or negative) for each sonic boom test.

Figure 8 contains tracings of strain time histories recorded in house no. 2
during the same flight test (Mission 80-RB) as the acceleration traces of figure 7.
Figure 8a represents the strain response of a 7 ft. x 12 ft. plate glass window
whereas the trace of figure 8b represents the strain time history of a pane of
glass with an area of one square foot in one of the upstairs double hung
windows. The large plate glass window had a natural period of about .25
second which is somewhat longer than the period of the B-58 sonic boom wave.
The response results are very similar to those obtained in calculations (Ref. 1)
for the case where the period of the sonic boom signature is less than the
period of the structure. The natural frequency of the small pane of glass is very
much higher, and its period is only a fraction of that of the B-58 wave. The result
is characteristic of that obtained in reference 2 for the response of the single
degree of freedom system for the case where the period of the N-wave is

several times as long as the period of the structure.

For direct comparison with the sonic boom induced response described
above, some special experiments were performed to measure similar response
data for the case where the building structure is excited by noise from the
engines of an aircraft flying overhead. A sample pair of response records from
house no. 2 are shown for purposes of illustration in figure 9. Figure 9a
represents the tracing of é B-58 sonic boom induced building response for

Mission No. 75A. The tracing of figure 9b on the other hand represents the
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same transducer at the same gain setting for the engine noise situation during
aircraft flyover. It can be seen in the sonic boom case that high frequency
responses are superposed on lower frequency response modes. In the case of
the engine noise the low frequency modes are not excited and the high
frequencies dominate. It should be noted that the response to the sonic boorri is
a transient having about 0.5 to 1.0 second time duration whereas the engine
noise induced vibrations are detectable for a time interval from 10 to 20
seconds. The dominant noise induced responses occur at about 150 to 200 Hz
and are believed to be associated with the vibration of wall panels between the
vertical studs. This same frequency is also detectable on the comparable sonic

boom induced response records but is of a relatively low amplitude.

This latter result can be illustrated further with the aid of the acceleration
response record tracings of figures 10 and 11 respeqtively for house no. 1 and
house no. 2. These time history data are comparablé with the record of figure
9a and represent three different test runs as indicated in the figure. The top
trace in each case was obtained for an F-104, the middle one for a B-58 mission
different than for figure 9a, and the bottom one for the XB-70. Note that all are
generally low frequency responses with higher frequencies of relatively lower
amplitude superposed. One distinguishing feature of these records is the high
amplitude bursts at time intervals corresponding approximately to the rapid
compressions of the sonic boom waves of figure 6. In the case of the XB-70 the
acceleration response to the bow wave nearly dies out before the tail wave
arrives. Two separate responses can also be observed for the B-58 whereas

they are not so obvious for the shorter time duration signature of the F-104.

Similar data are shown for house no. 1 from Table IV in figure 12. These

traces represent the responses of one portion of the building to sonic booms

10



from four different missions of the B-58 aircraft. Here again the high frequency
bursts occur at the times of passage of the waves. These records which are

similar in their gross features but differ markedly in their small details, illustrate
the variability in responses that may be observed for different missions but for

very similar flight conditions.

The peak acceleration amplitudes as determined from traces such as
those illustrated in figure 12 are plotted as a function of sonic boom
overpressure in figure 13. The acceleration amplitudes are either positive or
negative, whichever is the largest, from acceleration channel 111 of tables IV, V
and VI and from acceleration channel 311 of Tables VI, IX and X. It should be
noted that channel 111 relates to an accelerometer mounted on the center stud
of the bedroom east wall of house no. 1 and that channel 311 relates to an
accelerometer mounted on one of the studs near the center of the dining room
east wall of house no. 2. The sonic boom overpressure value in each case is
the average of all ground overpressures measured for that particular flight by
the microphone array of figure 1 (see ref. 2) and as listed in Tables iV, V, Vi, Vii,
IX and X.

Data are shown in figure 13 for the F-104, B-58, and the XB-70 airplanes.
The largest number of data points are for the B-58 aircraft, and these are noted
to scatter widely for given values of sonic boom overpressure. Corresponding
data for the F-104 airplane also exhibit scatter but seem to have generally
higher acceleration amplitudes than the B-58 for given overpressure values.
The limited data for the XB-70 fall generally within the range of the B-58 data.
Although there are general trends of increased peaked acceleration amplitudes
with an increase in sonic boom overpressure, these trends are not well defined

by the data points. A result such as this suggests that the wall acceleration
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responses may be a function of parameters other than sonic boom

overpressure and these are not properly accounted for in the figure.

Peak strain amplitudes (either positive or negative) as a function of
overpressure values are plotted in figure 14 for the three different aircraft of the
tests. The peak strain values were measured by channel 312 which represents
a strain gage located at the quarter point of the diagonal of the large plate glass
window in the front of the garage. The sensitive axis of the strain gage was
perpendicular to the diagonal line of the window. It can be seen from the figure
that a wide range of strain levels were measured for given sonic boom
overpressure values. Although generally higher strain values are associated
with higher overpressures, the data points do not define a clear trend nor are

there obvious differences according to aircraft size.
Inside Acoustic Measurements

For each of the flights for which vibration response data were recorded
for the test structures, acoustic measurements were made in some of the rooms
of the structure. Sample data records of the inside pressure fluctuations, as
measured by full range microphones, are shown in figure 15. The top trace was
obtained for a B-58 sonic boom exposure of the type for which the response
measurements of figure 9a were made. It can be seen that the pressure time
history has strong low frequency components with high frequencies superposed

in @ manner similar to the sample wall acceleration traces of figure 10.

At the bottom of the figure is shown a tracing of a microphone record of
the noise inside of the same room for a KC-135 flyover for which the structure
was exposed to engine noise. [t can be seen that this record contains

essentially no low frequency fluctuations; the high frequencies being dominant.
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In this respect the noise record is very similar in nature to the wall vibration
response record of figure 9b. The similarities between the recordings of figures
9 and 15 are not surprising since it is well known that the noise transmitted into

a structure is a resuit of the wall motions of that structure.
CONCLUDING REMARKS

Various acceleration and strain responses of one-story and two-story
residence structures were measured for sonic boom exposures from F-104, B-
58, and XB-70 airplanes and for engine noises during low altitude flyovers of a
KC-135 airplane. The sonic boom induced vibration responses were generally
less than one second in duration and contained frequencies associated with
both primary and secondary structural components. Wall acceleration
amplitudes increased generally as a function of the sonic boom overpressure,
and the F-104 seemed to induce the largest amplitudes for a given
overpressure. Strains in a large window also increased generally as
overpressure increased with no particular trend as a function of airplane size.
Considerable variation in peak response amplitudes is noted for the same
nominal flight conditions. Engine noise induced vibration responses have
durations of 10 to 20 seconds, and the dominant frequencies are those of the
secondary structural components. The acoustic pressures inside the rooms of
the structure had frequency contents very similar to thpse of the corresponding

wall vibration responses.
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TABLE |
Surface Weather Observations

Date Time Zulu Temp F Winds Cover Precip
deg/knots

6-4-66 1756 78 270/12 CLEAR NONE

6-6-66 1555 73 250/15 BROKN NONE

1757 78 230/18 BROKN NONE

6-7-66 1555 64 250/18 CLEAR NONE

1656 68 250/15 CLEAR NONE

1755 71 260/11 CLEAR NONE

6-8-66 1457 61 210/08 OVCST NONE

1556 65 230/08 OVCST NONE

1634 67 210/08 OVCST NONE

1655 68 240/08 OVCST NONE

1756 70 240/10 OVCST NONE

6-9-66 1555 72 300/12 BROKN NONE

1657 74 300/09 BROKN NONE

1757 77 290/02 BROKN NONE

6-13-66 1655 82 70/02 CLEAR NONE

1757 87 00/00 CLEAR NONE

6-14-66 1555 78 00/00 CLEAR NONE

1756 89 00/00 CLEAR NONE

6-15-66 1555 84 230/04 BROKN NONE

1655 91 030/12 BROKN NONE

6-16-66 1557 80 230/07 CLEAR NONE

6-20-66 1555 75 00/00 CLEAR NONE

1655 81 00/00 CLEAR NONE

1755 85 120/05 CLEAR NONE

6-21-66 1555 80 250/14 CLEAR NONE

1655 84 250/16 CLEAR NONE

1755 87 250/16 SCATD NONE

1955 93 240/15 SCATD NONE

6-22-66 1555 70 250/16 CLEAR NONE

1655 75 280/20 CLEAR NONE

1756 78 290/24 CLEAR NONE

1855 79 280/24 CLEAR NONE

6-23-66 1555 75 250/16 CLEAR NONE

1956 85 290/22 CLEAR NONE
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TABLE Il

VIBRATION RESPONSE AND PRESSURE TRANSDUCERS IN
TEST STRUCTURE NO. 1

Channel Type Date Location Description
No.
101 Accelerometer | 6/3-6/23 | Center of Living Room Floor | Mounted on Concrete Block
Sensitive Axis Vertical
102 | Accelerometer | 6/3-6/23 | Center of Family Room Floor | Mounted on Concrete Block
Sensitive Axis Vertical
103 | Accelerometer | 6/3-6/23 | Center of Bedroom No. 1 Mounted on Concrete Block
Floor Sensitive Axis Vertical
105 | Accelerometer | 6/3-6/25 | Outside, E. Wall, N.E. Corner, | Mounted on Stud, Sensitive
Roof Line Axis Horizontal
106 | Accelerometer | 6/3-6/23 | Outside, N. Wall, N.E. Corner, | Mounted on Stud, Sensitive
Roof Line Axis Horizontat
107 Accelerometer | 6/3-6/5 | Non Operational
6/6-6/23 | Outside, on Concrete Patio Mounted on Concrete Block
Sensitive Axis Horizontal
109 Accelerometer | 6/3-6/23 | Center of Family Room Ceiling | Mounted on Gypsum Board
Pane! Sensitive Axis Vertical
110 | Accelerometer | 6/3-6/23 | Center of Bedroom No. 1 Mounted on Gypsum Board
Ceiling Panel Sensitive Axis Vertical
111 Accelerometer | 6/3-6/23 | Bedroom No. 1, Center of E. | Mounted on Stud.Sensitive
Walt Axis Horizontal
207 Full Range 6/3-6/7 | Center of Family Room Shock Suspended, Diaphragm
Microphone 6 Ft. Above Floor Pointing
Down
6/8-6/23 | Center of Family Room Shock Suspended, diaphragm
2 In. Below Ceiling, Pointed
Up.
208 Full Range 6/3-6/7 | In Attic Above Center of Family | Shock Suspended, Diaphragm
Microphone Room 8 In. Above Ceiling Joist,
Pointed Up
6/8-6/23 | In Attic Above Center of Family | Shock Suspended, Diaphragm
Room 3 In. Above Ceiling Joist,
Pointed Up
210 Strain Gage | 6/3-6/23 | On Stationary Side of Sliding | Center of Glass, Sensitive Axis
Door in Family Room Vertical
21 Strain Gage | 6/3-6/23 | Bedroom No. 1, On Stationary | Center of Window, Sensitive
Pane of Window in East Walt Axis Vertical
212 Strain Gage | 6/3-6/23 | On Large Window in Garage Center of Window, Sensitive

Axis Horizontal
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TABLE Il

VIBRATION RESPONSE AND PRESSURE TRANSDUCERS IN
TEST STRUCTURE NO. 2

Channel Type Date Location Description
No.
301 Accelerometer | 6/3-6/23 | Center of Dining Room Floor | Mounted on Concrete Block
Sensitive Axis Vertical
302 Accelerometer | 6/3-6/23 | Under Edge of Counter in Mounted on Concrete Block
Kitchen-Dinette Area Sensitive Axis Vertical
303 Accelerometer | 6/3-6/14 | Center of Bedroom No. 1 Mounted on Concrete Block
Floor Sensitive Axis Vertical
6/15-6/21 | On Mattress of Bed. Bedroom | Mounted on Concrete Block
No.1 Sensitive Axis Vertical
6/22-6/23 | Center of Bedroom No. 1 Mounted on Concrete Block
Floor Sensitive Axis Vertical .
304 Accelerometer | 6/3-6/23 | Bedroom No. 1, Center of Mounted on Stud Sensitive Axis
North Wall Horizontal
305 Accelerometer | 6/3-6/23 | Qutside, N. Wall, N.E. Corner, { Mounted on Stud
2nd Story Roof Line Sensitive Axis Horizonta!
306 Accelerometer | 6/3-6/23 | Outside, E. Wall, N.E. Corner, | Mounted on Stud
2nd Story Roof Line Sensitive Axis Horizontal
307 Accelerometer | 6/3-6/23 | Outside, N. Wall, N.E. Corner, | Mounted on Stud
2nd Story Floor Line Sensitive Axis Horizontal
308 Accelerometer | 6/3-6/23 | Outside, E. Wall, N.E. Corner, | Mounted on Stud
2nd Story Floor Line Sensitive Axis Horizontal
309 Accelerometer | 6/3-6/23 | Attic Above Center of Mounted on Ceiling Joist
Bedroom No. 1 Sensitive Axis Vertical
310 Acceterometer | 6/3-6/23 | Attic Above Center of Mounted on Ceiling Joist
Bedroom No. 2 Sensitive Axis Vertical
311 Accelerometer | 6/3-6/23 | Dining Room, Center of E. Mounted on Stud
wal Sensitive Axis Horizontal
312 Strain Gage 6/3-6/23 | Quarter Point on Diagonal Sensitive Axis Perpendicular to
Inside of Large Garage Diagonal Line
Window
313 Strain Gage | 6/3-6/12 | Bedroom No. 1, Window in Center of Upper Middle Pane in
East Wall Lower Sash. Sensitive Axis
Vertical
6/13-6/23 | Large Garage Window, on 1/8 | Sensitive Axis Perpendicular to
Point on Diagonal Diagonal Line
405 Full Range 6/3-6/23 | In Archway Between Living Shock Suspended, Diaphragm
Microphone and Dining Rooms 5 In. Below Arch Center
407 Full Range 6/3-6/7 | In Attic Above Center of Shock Suspended, Diaphragm
Microphone Bedroom No. 1 up, 8 In. Above Ceiling Joist
6/8-6/23 | In Attic Above Center of Shock Suspended, Diaphragm
Bedroom No. 1 up. 3 In Above Ceiling Joist
409 Full Range 6/3-6/7 | in Center of Bedroom No. 1 Shock Suspended, Diaphragm
Microphone 6 Ft. Above Floor, Pointed
Down
6/8-6/23 | In Center of Bedroom No. 1 Shock Suspended, Diaphragm

2 In. Below Ceiling, Pointed Up
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