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(b)(L), (B)(3), (bY(T)e)

(b)(1); (b)3)

(U Exposures to electromagnetic fields that were indicative of the core characteristics. Two
individuals separately described to the Panel incidents in which they experienced symptoms related to
the core characteristics that varied in severity.

(b){1), (b}{3)

(b)), (bX3)

(UJEEEIl Exposure to high-power, pulsed radar that caused bulk heating and did not result in core
characteristics. According to a scientific paper, 14 Norwegian sailors in 2012 were accidentally exposed
to high-power, pulsed radiofrequency fields that caused bulk-heating effects. The signals came from the
radar of a US Navy vessel at a passing distance of 70-100 meters and lasted for about seven minutes.
The estimated peak power density was about 55 kW/cm? and the peak electric field was about 15 kV/m,
with average powers and fields about 100 times less. Another group of sailors was inside the metal hull
of the ship at the time and was not exposed, serving as an inadvertent control population.*?

. (U The signs and symptoms were fairly uniform—acute onset and offset of warming of the
skin and disruption of exposed electronics, followed by headaches that, for all but one individual,
resolved after time, treatment, and reassurance. The exposed sailors reported none of the core
characteristics, and the unexposed sailors reported no acute symptoms.1!3
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(b)), (bY3), (B)(7 ) el

expertise, especially in neurological subspecialties, and toward environmental science. The Panel’s
expertise was broader, including biochemistry, physics, ionizing radiation, and acoustics.

(U Information access. Both groups had extensive access to open-source scientific reports
and presentations by outside experts. However, two-thirds of the National Academies committee did
not hold security clearances, whereas all members of the Panel held TS/SCl clearances. Hence, the
National Academies group neither reviewed nor relied on much classified material. In contrast, the
Panel received more than 1,000 classified documents and dozens of briefings on a range of scientific,
medical, and intelligence topics, including the findings of sensitive programs and intelligence
reporting and AHI incident reports and trends. Although both groups had the privilege of hearing
from affected individuals directly, the Panel spoke with a greater number of such individuals and
received far more detail about the nature of their work and the circumstances surrounding their
cases.

(Y1), (b}3), (b)(TXe) 22-cv-00674 (DF-2022-00138) 000054



















Approved for release by ODNI on 4-16-2024, FOIA Case # DF-2024-00172

D)), (B)(3). (b)(7)e)

(b)(3)

(D)L, (1)(3), ()T e 22:cv-00674 (DF-2022-00138) 000060

























Approved for release by ODNI on 4-16-2024, FOIA Case # DF-2024-00172

(D)1}, (D)3}, (PYT)(e)

56
{b)(1): {bY3), (B)(7){e) 22-cv-00674 (DF:2022-00138) 000068




Approved for release by ODNI on 4-16-2024, FOIA Case # DF-2024-00172

(o)1), (B)(3), (b)(7)e) 22-¢v-00674 (DF-2022-00138) 000069













Approved for release by ODNI on 4-16-2024, FOIA Case # DF-2024-00172
(BY(L), (b)(3}, (b)(7)e)

electromagnetic waves, different physical interactions are responsible for heating. Above about 1
gigahertz (GHz), the rotation of water molecules dominates those interactions, and heating can
definitely occur (e.g., in microwave ovens). High-power short-pulsed (< 5 microseconds [ps])
radiofrequency or microwave energy may heat a very small volume of material, creating a rapid thermal
expansion. This expansion can lead to stress waves within the body, but the temperature rise might be
only 0.001 degree Celsius. For longer pulses (e.g., > 100 ps), the energy in the pulse is spread over a
larger volume, and heating—rather than a shock wave—can occur. A buildup in temperature occurs
when the pulse width and pulse repetition rate are sufficiently high and the accumulated energy is
deposited faster than thermalization can occur. Cerebral blood flow is highest in brain tissue,
attenuating local heating effects and helping to maintain brain temperature close to body temperature.

(U Based on its assessment of AHI incident data and medical data, and interviews with
affected personnel, how many incidents and which specific incidents has the IC Experts Panel
identified as worthy of further investigation? What specific elements of each of these incidents should
be explored further, and why/to what end? What would findings or a lack of findings in these
elements suggest regarding the hypothetical causal mechanisms at play?

(b}1); (b)(3) {b)(L); ()3

To identify the causal mechanisms, the Panel identified the need to screen for: (1) stimuli that
can produce a sensation of sound in an individual that is accompanied by a sense of pain or pressure,
often in the ear; (2) stimuli that can produce a sensation of sound that may not necessarily be perceived
by all individuals in the immediate area (i.e., it need not be an ambient audible sound wave); and (3)
features of such a stimulus (i.e., dose, duration, local concentration, etc.) that can also cause
unsteadiness, headache, persistent tinnitus, a sense of vibration, a sense of cognitive slowing, and
elevation of markers of neural injury.

Reproducing the core elements of these incidents in an animal model would inform the
necessary means to detect such a stimulus in the environment. A potential difficulty in this approach
relates to how the anatomy of the human head, brain, and ear confer specific vulnerabilities.

(U What advice can the panel provide on additional medical protocols, including but not
limited to blood draws, to consider implementing to evaluate US officials’ health in the event of an
AHI report or other concerning medical incident?

(U/JEZE The signs and symptoms of an AHI are most prominent at the onset, similar to concussion.
This time course makes it important to obtain an individual’s history and perform an examination as
close to the purported event as possible. For those individuals experiencing the complete or partial set
of core characteristics, follow-up might include:

o (UJERJ Creating a call-in line to report the history of an event within minutes to a trained officer
or instructions to record the details of an AHI to a device (such as a smartphone) as soon as possible
after the event to limit recall bias.

 (UJEEBI Capturing video of an affected individual within minutes of an event to assess eye

movements, gait and balance, and cognitive function; using remote eye-monitoring devices may also
be helpful.
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capabilities. The system’s operating time will depend on its power source, which could be a generator,
wall electrical outlet, or battery.

A good reference example is to consider a scenario in which a 1-meter diameter reflecting dish
antenna that is excited by 1 watt (W) of power (at about 8 GHz) is known to be able to focus a field at
about 50 m at a power density of about 1 W/m? (watts per square meter). A smaller reflecting dish
might result in a larger beam or target area characterized by locality and directionality for a given
frequency of operation. The Frey effect (hearing microwave generated sounds) requires about 100
W/m?.

A thermo-acoustic (traumatic brain injury-like) biological effect might require about 107 W/m?,
hence a 10 MW generator is needed for this example reference transmitter. This scenario is possible,
indeed a 50 GW system consisting of three cascaded meter-long units was recently reported by Rukin
and colleagues.? If operating the same system with pulsed emission, the average power to generate 10
pulses/s each of 1 microsecond in duration requires only a 1 W generator in principle. This power
requirement makes a much smaller transmitting system, perhaps battery operated, more feasible. If the
transmitter can produce even shorter pulses, e.g., with 10 picoseconds (ps) rise times, the range might
extend from 50 m to 150 m. The Rukin system produces 170 ps pulses.*

When transmitted power falls off with range according to an inverse square law, delivering the
same power density on target from a 10 kW source at 100 m would require the source to be 10 m from
the target if a transmitter of only 100 W was available. If that beam propagates through a wall or a
window, it would be attenuated by a factor of approximately 20 or 2, respectively, for each wall or
window. At much closer ranges, a defined target area naturally exists in the near field of antenna
because nonpropagating fields exist with field strengths that fall off rapidly in proportion to the inverse
cube of the distance (1/r3).

The tradeoffs between range and target area suggest that pulsed systems are more feasible than
continuous-wave systems because of the number of controllable parameters in pulsed systems. They
also have a smaller size, weight, and power for a given biological effect capability at range. However,
even to deliver this capability—107 W/m?, high-power pulses at high-repetition frequencies and for
prolonged periods at 50 m—would demand a larger power supply.

Pulse power densities of 107 W/m? correspond to electric field strengths on target of kV/m
(kilovolt per meter). Operating at lower powers or dealing with attenuation by walls does not make the
system ineffective. Voltage differences across tissues produce currents and affect cell function. Voltages
of < 10 V/m can stimulate neurons, and even lower amplitudes (tens of mV) combined with low pulse
repetition frequencies that are matched to biologically relevant signals may cause interference. There is
evidence for this interference,® but it needs to be verified.

(U Some materials, such as metals, will strongly shield the signal, although radiofrequency
energy can diffract around the edges and can still expose individuals behind the shielding, albeit at a
much lower level. Common building materials provide some attenuation, depending upon thickness and
material properties. Materials such as concrete will reduce the signal more than materials such as glass
or drywall.

Would the mechanism affect the surrounding environment, such as by producing any
noticeable near-term or lasting effects on electronic devices? What are the physical size, power,
location, or other requirements for the mechanism to be scientifically possible?

It is possible that radiofrequency would affect electronic devices, such as smartphones, especially
if the strength of the fields was high enough at the electronic device’s location. At high-field strengths,
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(U Would the mechanism produce effects that create a clear sensation of locality and/or
directionality? Specifically, would the mechanism be able to affect only one individual without
producing effects in those nearby, and would the effect dissipate upon an individual leaving the area
and strengthen if they reentered the area?

Electromagnetic fields can be directed, can be focused, or can constructively interfere when
reflected, which naturally leads to spatial regions of higher power density in which thresholds for
inducing biological effects can be exceeded. A sense of directionality can be expected for such regions
originating from beams but not necessarily from interference phenomena. This kind of locality could
result in just one individual experiencing the symptoms. If a conducting structure is energized at some
frequency but does not radiate, nonpropagating fields can extend outward but attenuate rapidly as a
function of distance, giving the sensation of a localized effect.

Variations of anatomy as well as varied placement of an individual in the energy field might
lead to heterogeneity in the effects of a stimulus. Although it is distinctly unusual in AHI reports,
individuals have reported that the sound and pressure are experienced in one ear and not necessarily
both. So even in the same individual, there is some localization effect.

(USRI Would the mechanism cause loud, piercing sounds that generate involuntary physical
reactions or pain that cannot be heard by others in the area or be recorded?

Yes, this is possible. Also, humans’ inbuilt noise-cancellation capabilities that prevent them from
being distracted by the internal sounds of heartbeat, lungs breathing, and blood flow could be
disrupted. Tinnitus may result.

Sudden loud, unpleasant sound in one ear is a distinctive feature of some AHI. A sound heard in
only one ear, along with the variability of others’ experience although in the same space, suggests that
the stimulus need not produce an ambient sound. Either the stimulus is precisely aimed or, more likely,
the sound is produced inside the ear or head of the individual, such as occurs in the Frey effect with
radiofrequency energy.

(u/BE Could the mechanism cause an individual to suddenly lose their balance or collapse?

A mechanism based on inducing pulsed currents of a few milliampere (mA) in skeletal muscle can
cause someone to collapse (e.g., from a Taser or a stun gun). Inducing currents with these properties
from a remote source might be possible. Biological effects of the kind described earlier, especially

affecting the vestibular system or key neural messaging pathways that coordinate balance, might also
cause a sudden loss of balance.

Hair cells detect sound pressure in the cochlear but also rotational forces in the semicircular
canals and gravitational and acceleration forces in the otolithic organs (saccule and utricle). A
disturbance in the latter causes instability and, if severe, falling to the ground. The semicircular canal
disturbances cause a sense of spinning or vertigo, which is reported in some AHI cases, but more
common is instability without a sense of spinning, which suggests disturbance of otolithic function.
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A variety of other neurosensory phenomena are not reported in AHI cases. These phenomena
include tingling or burning sensations, pain except in the head, flashing lights, and muscle twitches.
Their absence suggests that the stimulus is conveying mechanical energy as opposed to a broader effect
on the nervous system. Such stimuli are transient during the AHl and suggest engagement of normal
mechano-transduction in nerve and inner ear cells, but not necessarily injury. However, mechanical
energy is known to cause damage to the ear (sound injury) and the brain {concussion).

(U Only low-impedance acoustic pathways to the inner ear and brain are possible because
99.9 percent of all airborne ultrasound is reflected off the body. The most probable pathway is direct
transduction through the auditory waveguide and mechanoreceptors. Another potentially low-
impedance pathway to the endolymphatic sac and the vestibular apparatus of the inner ear is through
the mastoid region of the temporal bone.

(U Would the mechanism produce effects that create a clear sensation of locality and/or
directionality? Specifically, would the mechanism be able to affect only one individual without
producing effects in those nearby, and would the effect dissipate upon an individual leaving the area
and strengthen if they reentered the area?

Yes. A nonlinear transduction technique can be used to produce a beam that is nearly free of side
lobes to maximize the main-beam strength and directionality to focus in a specific area. If ultrasound
penetrates into a room, the signal will be seemingly isolated due to propagation losses incurred as it
spreads into adjoining rooms. As the sonic waves are reflected off interior walls, acoustic resonances will
be present in certain parts of the room where the sound pressure levels will be boosted and may
contribute to a sensation of locality. Open doors and other openings will allow some spreading of sound,
but absorption and spreading losses will quickly degrade the signal. Scattering and absorption from
furniture will also reduce the signal level.

(u/BEH Would the mechanism cause loud, piercing sounds that generate involuntary physical
reactions or pain that cannot be heard by others in the area or be recorded?

The Panel assesses that this is possible. The microwave-auditory effect creates a wave of
mechanical energy inside the head and ear that would not be heard by anyone except the affected
individual and would not be recordable as an ambient sound wave. In addition, the audible range of
hearing varies from person to person, but generally does not exceed 20 kHz for an otologically healthy
person, hence the demarcation of ultrasound above 20 kHz. As people age, their ability to hear high-
pitched frequencies wanes such that the upper threshold of hearing gradually drops to 15-17 kHz. The
presence of a very-high-frequency sound at the cusp of ultrasound may be perceived by some people
and not by others. It is also possible that a mechanism could emit muitiple carrier waves at different
inaudible ultrasonic frequencies that mix in air to produce an audible difference frequency tone that can
be heard by some people. One research question is whether perceived sounds such as tinnitus may be
induced from continuous insult to the auditory system from ultrasound.

(USRI Perennial reports of ultrasound sickness have increased in recent years due to the increasing
ultrasound emissions in everyday lives, but the scientific reviews and debate for the past 80 years have
not produced hard evidence that ultrasound-emitting devices can generate involuntary physical
reactions or pain.

(b)(1), (b)(3)

B-11

(b)), (b)3), (b)(7Xe) 22-cv-00674 (DF-2022-00138) 000082




Approved for release by ODNI on 4-16-2024, FOIA Case # DF-2024-00172
(b)(d}, (b)(3). (bX7)e)

(USR] Could the mechanism cause an individual to suddenly lose their balance or collapse?

(U Perhaps. Loss of balance would be expected after pressure or energy disrupts the vestibular
system. The semicircular canals of the inner ear are the key mechanism by which the human body
defines itself in space. Disruption of these areas will regularly produce a loss of balance. As described in
the response to the previous question, however, the Panel has only anecdotal evidence of vestibular
symptoms induced by exposure to ultrasound. Further research is needed to understand the cause and
effect linkage of purported symptoms from exposure to high-intensity ultrasound.

Which, if any, commonly reported AHI symptoms (e.g. dizziness, headache, nausea) would the
mechanism not produce and why?

Likely none. A disturbance to the inner ear from acoustic or electromagnetic stimuli could
probably account for the commonly reported AHI symptoms, including dizziness, nausea, headache,
head pressure or pain, and ear pressure or pain. These symptoms are nonspecific and would occur if the
stimulus produced an increased pressure in the air spaces in the inner ear or the cranial sinuses. Both
dizziness and nausea, for example, are expected from disturbances of vestibular function, which would
be likely to occur from a pressure or electromagnetic disturbance of the inner ear. In addition, many of
the reports of AHI include persistent headache after the event that might last hours to days, and some
even seem to develop or exacerbate a chronic form of headache similar to migraine. Of note, varieties
of stimuli are known to trigger a prolonged headache, especially traumatic brain injury/concussion.
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(U) Plausible

The panel considered a mechanism to be plausible if all members assessed there was at least some
credible evidence that it was technically and practically feasible in each of five components: (1) a source
that could generate the required stimulus and be difficult to detect; (2) propagation and delivery of the
stimulus to an individual in a way that would be difficult to detect; (3) coupling of the stimulus to the
human body; (4) ability of the coupling to cause biological effects; and (5) ability of the biological effects
to explain the core clinical signs and symptoms. In addition, the panel required that other evidence not
exclude the mechanism. Thus, a mechanism could be considered plausible if a notional line could be
drawn connecting each of these five components.

(U) Standoff scenarios
Situations involving distances between the source and target of about 100 meters. The precise distance
involved will depend on the details of the source, scenario, and environment.

(U) Subthermal exposure

Any exposure not expected to cause a significant temperature increase because the delivered energy
levels are too low, allowing the body to regulate the temperature. The microwave thermo-acoustic
effect can be a subthermal effect in this sense, unless multiple successive pulses were to incrementally
increase the temperature significantly. Of course, if the power of a signal causing the microwave
thermo-acoustic effect is increased beyond some threshold, then this exposure will become thermal as
well.

(U) Symmetric electromagnetic pulses

Most propagating electromagnetic pulses are symmetric or biphasic. This property means that
integrating the electric field over a sufficiently large time duration will yield a net electric field of zero
and a similar yield for the magnetic field. For lower frequency pulses or pulse repetition frequencies,
ions may move and return to an equilibrium position on timescales relevant to biological processes,
resulting in biological effects that are inconsequential. If ions do not return to an equilibrium position on
the relevant timescales, the biological effects may be consequential. Asymmetric pulses may result in
more significant biological effects, perhaps because a net displacement of ions is possible for long
enough to cause direct effects such as depolarization of cell membranes.

{U) Thermal effects

Effects that occur when microwaves absorbed by the body, or by rapidly rotating molecules in the body,
are converted to thermal energy (heat). If the amount of heat deposited by the microwave source
cannot be effectively removed by the body (e.g., by sweating, blood flow, etc.), the body will begin to
overheat, the body’s temperature receptors will prompt a sensation of heating, and tissues will be
damaged, leading to the well-known health effects of hyperthermia, up to and including death. The
majority of the IEEE and International Commission on Non-lonizing Radiation Protection (ICNIRP)
standards protect against known health effects by limiting exposure to those where the amount of
heating is small, e.g., less than 1°C.

(U) Thermal exposure

Any electromagnetic wave exposure expected to cause a significant temperature increase (e.g., about
1°C or higher), to a bulk volume of tissue.

(U} Unipolar electromagnetic pulses
A special case of asymmetric electromagnetic pulses for which the electric field vector never inverts. By
definition, such pulses will not integrate to zero over any timescale. By Fourier analysis, the pulses are

physically unrealizable in the far-field with physically realizable antennas. Such pulses can be studied by
placing a target between two electrodes.
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