The Trinity Church Videos: An Audio Analysis
A video clip which is claimed to be evidence of the explosive demolition of World Trade Center 2 is circulating on
the Internet. It is hosted at http://www.mediumrecords.com/wtc/audio01.html#trinity and appears to have been
obtained from http://www.terrorize.dk/911/wtc2dem1/index2.php although its provenance is otherwise unknown.
This is a review of that clip from the point of view of an experienced recording engineer and audio technician.
This video shows about four seconds of the collapse of WTC2, shot from a point near Trinity Church. The audio
track contains two loud explosion-like sounds which purport to be the sounds of explosive charges detonating
within the building. By repeated, careful listening in a high quality studio control room I've identified some
properties which strongly suggest that the audio is a forgery cobbled together from sound effects libraries. The
evidence on which I base this opinion can be checked by anyone with a decent playback system (if you don't have a
speaker system and listening room with known good stereo imaging a pair of high quality headphones will serve the
purpose very well)- no high-tech toys are needed.
The key is in the stereo imaging of the explosions, but before getting to those details it's necessary first to consider
what conditions would have to be fulfilled if this clip were authentic. The amount of motion in the camera's
viewpoint indicates a hand-held camcorder, consequently if the audio is authentic it would have to be pickup from a
built-in or camera-mounted microphone.
A quick listen is all that's necessary to establish that the recording is true stereo, not a monaural recording duplicated
on both channels of a two-channel recording. Below is a screenshot of the waveform display of a portion of the
second explosion, with the left-channel signal on top and the right-channel signal on the bottom. While the signals in
both channels are similar, the existence of significant interchannel differences, and hence a stereo component are
obvious.

Figure 1: Waveform display of beginning of second explosion

If the recording is in stereo and if it is an authentic pickup of the sound at the camera location, then the recording
must have been made by using stereo micing techniques. There are several standard ways of setting up a mic array
for stereo pickup, which can be divided into "coincident" (mics mounted as close together as possible) and "spaced"
(mics separated by anywhere from 17 cm, as in the semi-coincident ORTF method, to several feet, as in the "AB"
technique popular among classical music recordists). Of these, the spaced-mic methods are too unwieldy for a
practical camera-mounted mic (imagine schlepping a camera with mic booms sticking out a couple of feet on each
side), which leaves the coincident methods.
Stereo micing seeks to preserve information about the left-right position of a sound source so that when the
recording is played back the listener can perceive the location of the source. In coincident micing this is done by
using two directional microphones (a directional microphone is more sensitive to sound arriving from directly in
front than to sound arriving from other directions) mounted as close together as possible and aimed to the left and
right of center, usually 45 degrees left and 45 degrees right. The result of doing this is that if a sound source is
located to the left of center it will be picked up more strongly by the left microphone than the right microphone,
since it's closer to the front axis of the left mic than that of the right. When the recording is played back, that source
will be reproduced louder in the left speaker than in the right, which will produce the impression that the source is
located between the center and the left speaker. The greater the difference in amplitude between the left and right
channels, the farther to the side the source will appear to be. While changing the included angle between the
microphone front axes and the directional patterns of the mics can change the apparent width of the soundstage,
coincident micing will always preserve information about the angular position of the sound sources..
What that means is that if this recording is authentic we can expect it to have preserved the spatial aspects of the
acoustic environment in which it was made, including the characteristics of the path between the tower and the mics.
The video shows a clear line of sight between the camera and the portion of the tower where the collapse begins. If
the estimate of 450 meters from the camera to the part of the tower where the purported explosions occur is
correct- and it does appear to be reasonable- then that part of the tower, which is seen from a viewpoint close to its
diagonal, would subtend an angle of about 11 degrees as viewed from the camera. We would thus expect the direct
sound from the tower to have a narrow stereo image, in fact to be every nearly mono, with any stereo information
coming from reflections from nearby buildings. These reflections, because they will travel a longer distance than the
direct sound, will arrive later and will also arrive from different directions. We can also expect the direct sound
radiating from the tower to arrive unobstructed at the camera.
To get a feel for how direct and reflected sounds are localized, try this experiment: the next time you're in a large
reflective space, close your eyes and clap your hands- or better, get someone else to stand a little way in front of you
and clap their hands. Pay close attention to where you perceive the handclap to come from and where the
"ambience", the pattern of reflected sound that gives us an auditory impression of our surroundings appears to come
from. If you have the opportunity to hear a loud sound outdoors which produces an echo from some nearby
building, take note of where you hear the original sound and the echo radiating from. This spatial information is just
what a stereo recording preserves.
Listening to the recording, the first explosion sound is in fact very narrow- so narrow that even on headphones,
which exaggerate the width of the image, it's impossible to tell from a mono source- and slightly left of the center of
the stereo image. There are essentially no lateral reflections to be heard.
The second explosion has virtually opposite characteristics. It is spread wide across the stereo image, coming on
very strongly from hard left and hard right, while it has no appreciable center component.
While the ear is probably the best instrument for gauging the apparent width of the recordings of the two explosions,
there are instruments which allow us to check our perceptions by measurement. One is the correlation meter. This is
a device which measures the degree of sameness between the left and right channels. For a pure mono signal, which
is identical in both channels, a correlation meter will produce an indication of +1. For a signal in which the left and

right channels have opposite polarity, that is, left = -right (commonly and erroneously referred to as "out of phase"),
it will produce an indication of -1. For a signal in which the left and right channels have no correlation with each
other, or a signal where the left and right are 90 degrees out of phase, it will produce an indication of 0.
Correlation meters are used in sound mixing to gauge the width of the stereo image. Generally, the mixer will want
to see the indication hovering between the 0 and +1 marks. If the indication dips into the negative half of the scale
for any appreciable time, there are likely to be problems with the mono compatibility of the mix, while if it stays too
near the top of the scale the mix may not contain enough stereo information to create a good sense of space.
To check out the difference in imaging between the first and second explosions I used two different correlation
meters, one the analog meter in the Neve 8078 console in the control room where I've done most of my listening to
this clip, which unfortunately can't be reproduced on the 'net, and a digital one which can. To do this, I imported the
AIFF audio file into a ProTools session and inserted the Digidesign/Bomb Factory correlation meter plug-in into the
stereo master fader. I selected a one-second segment of audio starting at the beginning of the first explosion and set
ProTools to play it repeatedly while I took a screenshot of the display. I then did the same thing for the first second
of the second explosion. These screenshots show the results:

Figure 2: Playback of first explosion. Correlation meter indicates very near +1

Figure 3: Playback of second explosion. Correlation meter reading drops to +0.5

The Neve correlation meter, which is faster than the Bomb Factory plug-in, was more revealing. Up to the first
explosion, it hovered around the +0.75 area, with a slight uptick at the first explosion, showing that the explosion
narrowed the overall image. The second explosion drove it down very nearly to the 0 mark, showing that the second
explosion widened the mix considerably.
Both meters confirm what I hear. The first explosion is mostly mono information while the second explosion is wide
stereo.
Observations on a phase scope- another old-school method of visualizing stereo which consists of an oscilloscope
set to X-Y display mode and connected so that the left channel deflects the beam vertically while the right channel
deflects it horizontally- give the same results.
With source and mic in essentially fixed positions, for such changes in stereo perspective to occur in an authentic
stereo-miced recording the acoustic path between the tower and the mics would have to change very dramatically in
the two seconds between explosions.
To produce the effects heard in this recording large reflecting surfaces would have to be present to the left and right
of the camera at the time of the second explosion which weren't there two seconds before, and an obstacle would
have to be placed to the front of the camera to block the direct sound from the second explosion, an obstacle which
is nowhere to be seen in the video and which wasn't there during the first explosion two seconds before.
The physical universe works in consistent ways. Sound radiating from a given location will encounter the same
reflecting, absorbing, diffusing and diffracting objects on its way to another fixed location on repeated trials. A local
acoustic environment made up of multistory buildings does not spontaneously rearrange itself in a two-second
interval. But that is exactly what would be required to produce this recording in the field.

For that reason I believe that the likelihood of this recording being authentic is very, very, vanishingly low, and the
likelihood of its being the forged product of someone with access to an SFX library and an editing workstation to be
very high.
If the hoaxer had had the wit to make his final product mono by summing the left and right channels this internal
evidence would have disappeared and the fakery would have been much more difficult to detect.
Just in case the self-contradictory nature of this recording isn't damning enough, the original video is on the 'net. It
can be viewed, although not downloaded and saved, here:
http://video.google.com/videoplay?docid=-5405555553528290546&q=trinity+church
This video runs for one minute and 54 seconds, showing the collapse of the tower and onlookers, including the
cameraman, fleeing the expanding dust cloud. Comparing the video portion with the "explosions" clip, it's clear that
the video is identical except for the "10:28 AM" inserted into the latter.
Careful listening to the sound portion shows some features which support the hypothesis that it is authentic.
The audio is definitely mono. This is not surprising because the majority of built-in camcorder microphones are
mono.
What's more interesting is that everything in the sound track is clearly and logically related to what is seen in the
video. At the beginning, we hear the gabble of voices as bystanders watch the burning tower. After the collapse
begins, once the realization sinks in that this enormous building is actually collapsing before their eyes, the talking
turns to screams. Individual voices can be distinguished and intelligible speech is heard.
Throughout the video, from the reaction to the collapse to the sounds of the crowd fleeing the dust cloud to the cop
gesturing and exhorting the people taking refuge in a building lobby to get down and keep away from the windows,
the sound track is perfectly coordinated with what we see happening in the picture. There is no trace of the sound of
explosions, but the booming rumble of the collapsing building is recorded clearly.
That the sound of the collapsing building is bass-heavy and contains little high-frequency energy also argues in favor
of the authenticity of the recording. Air isn't a perfect transmission medium for sound; energy is dissipated in viscous
and rotational effects as sound waves propagate away from their source so that the falloff in loudness with
increasing distance is somewhat greater than the inverse-square law predicts. This effect is called "excess
attenuation". It's dependent on temperature, barometric pressure and relative humidity, but it is always greater at
higher frequencies.
Because this effect is one which the designers of public address systems have to contend with, there are computer
programs for calculating the excess attenuation given temperature, pressure, relative humidity and the frequency of
interest. One such online calculator can be found at http://www.mcsquared.com/dbframe.htm.
Weather records for New York City on September 11, 2001 (see http://www.erh.noaa.gov/box/dailystns.shtml) give
a range of minimum and maximum temperatures from 63 to 82 degrees Fahrenheit, a range of relative humidity from
38 to 87 percent and average pressures from 1018.8 to 1019.2 millibars (101880 to 101920 Pascals). Using the
most optimistic set of conditions (maximum temperature, pressure and relative humidity), at a distance of 450
meters 10 kHz should be attenuated by 32.5 dB relative to 1 kHz (if it was not yet quite that hot or humid when the
tower fell, the high-frequency loss would be even greater). Consequently, we would expect the sound of the building
collapsing to be boomy and lacking in treble and that is exactly what we hear in the original video.

By contrast, in the four seconds of the "explosions" video, there is not a single intelligible voice nor any indication
that people near the camera are responding in any way to what they see happening. The only approximations of
ambient background sounds are so generic, unidentifiable and unintelligible that they are far more likely to have been
created synthetically or taken from a sound effects library than to have been recorded at the scene.
You could check my observations with the visualization plug-ins available for systems like Digidesign's ProTools or
Apple's Logic or Steinberg’s Wavelab (Google "correlation meter": or "phasescope"). Electronics geeks who have a
dual-trace scope with an X-Y mode can try the phase scope tests. But really all you need are your ears and a decent
playback system. Anyone can learn empirically about the ways that sound interacts with the surroundings by paying
attention to what they hear in different environments: that’s quite enough to detect the tell-tale signs of a hoax like
this.
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