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ABSTRACT

While the common believe is that dark/light timing causes jet lag, we argue that physics, not the
biological clock, may be the main reason for this air travel disorder. We explored the change in
voltage in the human brain due to the added voltage induced by flying over the magnetic field of
the Earth, and we think that this induced voltage in the brain is significant enough to cause
neurological changes that may trigger jet lag or other illnesses.
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INTRODUCTION

here are about 100 billion neurons in the brain with each neuron producing a voltage whose
Q?O magnitude is 70 millivolts of electricity during operation (Barnett and Larkman, 2007). Each one of

these neurons connect with about 1,000 other neurons or more in the human cortex to complete
commands for a human to function in our everyday lives. The neurons in the human brain are surrounded by cells
called Glia and are known as “nerve glue”. There can be up to one trillion Glia cells in the human brain. The
neurons are then connected by Synapses. These Synapses open and close in response to high or low voltage across
the membrane or by a controlling chemical. These mechanisms are called voltage-gated ion-channels and
chemically-gated ion-channels.

One aspect of human brain function depends on the level of voltage sustained in the human cortex
(Sigworth, 2003). Thus we suspect that an induced voltage in the brain, due to the change of magnetic flux in the
brain while flying through the magnetic field of the Earth, may affect the function of neurons and may cause or
contribute to jet lag.

Jet lag is a physiological condition that can result from trans-meridian travel as on a jet plane. The
condition is generally believed to be the result of disruption of the "light/dark™ cycle that entrains the body's
circadian rhythm (University of Washington, 2004). The symptoms vary depending on the person, but Jet Lag is
known to cause anxiety, constipation, diarrhea, confusion, dehydration, headache, irritability, nausea, sweating,
coordination problems, and even memory loss. The condition has also been reported to cause trouble with the heart
and lack of resistance to illness (Cunha, Stoppler and Melissa, 2011).

The effect of jet lag was found to be strongest when crossing several meridian lines from east to west or
west to east (E/W) as opposed to traveling on the same meridian line north to south or south to north (N/S). It is
known that magnetic field (B) lines travel along the N/S direction. Therefore, traveling N/S along the magnetic field
lines of the Earth is effectively traveling at a constant magnetic field, but traveling E/W is crossing separate areas of
ever-changing magnetic field/intensity. We will see from equation (1) that when the magnetic field B is constant,
there will be no induced voltage produced.

CALCULATIONS

The induced voltage € generated in a loop due to changes in the magnetic flux A¢ in a time period At is
given by Faraday’s law (Serway and Vuille, 2012):

le |- Ad/AL 1)
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with ¢ = BA cos6, B is the magnetic field, A is the area of a loop, and 6 is the angle between B and the normal to the
plane of the loop.

Then equation (1) becomes:

le |= A(BA cos6)/At 2

If “A” represents an area of a loop of tissues in the brain (which is a constant value) and if 0, defined
above, is also constant as the direction of the trip (flight) does not change, then equation (2) becomes:

le |= A cosd AB /At ?3)

It is clear from equation (3) that the induced voltage ¢ in the brain can only be produced when there is a
change in the magnetic field B. Thus, traveling N/S along a magnetic field line does not produce induced voltage in
the brain since B is constant along that line. However, traveling E/W means crossing different magnetic field lines,
and thus AB will survive and an induced voltage € will be produced in the brain, the value of which will be
calculated below:

The induced voltage € can also be shown as (Serway and Vuille, 2012):
le |= B Lvsind (@)
where L is the length of a strip or rod travelling at a speed v and 6 is the angle between B and v.

For a strip of the brain of length 0.1 meter across the head of a person travelling in an airplane at the speed
of 300 m/s through the magnetic field of the Earth B = 50 uT, ¢ can be calculated using equation (4):

le|= (50 x 10°®) (0.1)(300) sin6® (5)
At the equator: 6 = 90 degrees, thus

le | = 1.5 x10° Volts using equation (5)

At Arizona: 6 = 57 degrees

le| = 1.258 x10° Volts using equation (5)

To understand the impact of this induced voltage on the brain, we compare it to the induced voltage
produced by Transcranial Magnetic Stimulation (TMS) medical treatment in the following section.

RESULTS

Transcranial Magnetic Stimulation (TMS) and Repetitive Transcranial Magnetic Stimulation (rTMS) are
noninvasive techniques used in hospitals to stimulate regions of the human brain (Barker, Jalinous, and Freeston,
1985). They are recent medical procedures for mental illness that use pulses of magnetic field (changing magnetic
field) to induce voltage in the human brain and have proven to be effective in treatment of depression. During the
TMS treatment, the magnetic field B in the cortex is varied from 0 to 0.5 T in about 100 ms. The induced voltage

€ within a circle of brain tissue of radius 1.6 mm of the area responsible for depression can be calculated using
equation (1):

le |= Ad/At = (AB A)/At = (0.5—0) 7 (1.6 x 10°%)?/ (100 x 10) = 0.4 x 10°* Volts
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This 0.4 mV resulting induced voltage in the brain is sufficient to stimulate neuronal activity and cure
depression (Serway and Vuille, 2012). Our predicted induced voltage of 1.5 mV or 1.25 mV calculated above,
while flying, is about four times the value produced by TMS. Thus, we strongly believe that the induce voltage in
the brain produced while flying should be considered as a factor in understanding jet lag or other illnesses, such as
the weakening of the immune system while flying.

Strafella, Paus, Barrett, and Dagher (2001) performed an MRI scan on the human brain and found
Dopamine release in the prefrontal cotes of the brain during and after a 30-minute rTMS study. The prefrontal
cortex is responsible for movement, learning, and motivation in the prefrontal cortex. The release of Dopamine in
the prefrontal cortex can be associated with illnesses like Parkinson’s disease, schizophrenia, and drug addiction
(Strafella, Paus, Barrett, and Dagher, 2001). While patient’s need three treatments to express a change in brain
function of a total time maximum 30 minutes, flying in a jet plane can last for nine hours, or more for international
flights hours.

MAGNETIC FIELD MEASUREMENTS INSIDE AN AIRPLANE

The purpose of this experiment was to see if the skin of an aircraft has any shielding effect on the magnetic
field of the Earth. We used the G816 portable proton magnetometer manufactured by Geometrics that has a
nanoTesla range to measure the magnetic field of the Earth while flying inside a Cessna 172 aircraft. We flew from
Morgantown Municipal Airport located in the state of West Virginia, USA, at an altitude of up to 3,500 ft. The
magnetic field measurements inside the aircraft showed no net decrease in the Earth’s magnetic field readings before
and after entering the plane and while flying. If anything, we learned that upon starting, the airplane actually
increased the magnetic field inside the cockpit as this particular type of plane has a magneto for engine charging that
produces an additional magnetic field at starting - jet planes do not have a magneto. Thus, our first point of
measurement at take off of the engine was higher than any other measurement due to the magneto. The magnetic
field measurements from inside the aircraft are shown in Figure 1. It is clear from the figure that the shielding of the
aircraft, which is similar to the shielding of a jet plane, has no significant effect on the magnetic field of the Earth.
This means that people inside the aircraft experience the typical value of the magnetic field of the Earth of about 50
pT.
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Figure 1: The Airborne Magnetic Field in NanoTeslas (nT) While In-flight Aboard A Cessna 172
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CONCLUSION

As a person travels at high speed while flying, an appreciative induced voltage can be produced on the
human brain due to the change in the magnetic flux brought on by the magnetic field of the Earth and motion. We
have estimated that induced voltage and found it to be larger than the induced voltage produced in the brain by the
medical treatment Transcranial Magnetic Stimulation (TMS). This treatment targets a particular part of the brain; for
example, the part responsible for depression, and can have an effect on the brain even for a 30-minute treatment.
While the induced voltage produced during flights affect the whole brain and can last for over 9 hours during
international flights. We are raising the question; if the induced voltage in the brain that results from prolonged
exposure to the Earth’s magnetic field at a high speed can alter the function of the human brain and cause jet lag, or
even other illnesses, what other explanation is needed? What strengthens our believe is our suggestion that jet lag is
strongest when crossing several meridian lines east/west as opposed to traveling on the same meridian line
north/south. This suggests dissimilar induced voltages for the two cases as the magnetic field lines of the Earth
follow the south/north direction. We suggest a clinical study to understand jet lag that focuses on induced voltage as
we are not aware of such a study in the literatures.
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