Ma_y_ the Force Be With You

Empry space i full of invisible force fields, and we can detect electromagnetic fields from the
farthest reaches of the universe. So couldn’t our thoughts generate electromagnetic fields
that might be sensed by other people? Here’ the problem.

LAWRENCE M. KRAUSS

You gotta love this place. Every day is like Halloween!
—Fox Mulder

arly in the first film of the Star Wars trilogy, Obi Wan

Kenobi urges Luke Skywalker to “feel the Force!” To

no one’s surprise, Luke does, eventually, and it is very
very good to him. It was also very, very good to George
Lucas. A billion dollars and twenty years later, the Force is
still with us.

Tell me that you have not, at some time in your life,
looked up at the night sky and shuddered at the vast loneli-
ness of our existence. Or, sitting alone in a darkening room,
perhaps in a remote cabin in the woods, have you never, as
a barely perceptible chill breeze brushed your skin, had an

“idea that there might be some “thing” in the room with you,
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which you cannot see? What are the things thar go bump in
the nighe?

Dark side or not, there’s something particularly cozy about
an invisible Force thac ties the universe together and gives it
meaning, coherence, legitimacy. Pondering the existence of
aliens may be how we ease our innate human loneliness
nowadays, bur pondering the existence of invisible forces is
nothing new. Such musings are, after all, ar the heart of maost
of the world’s religions, whose annual gross serecches back for
millennia and makes Lucas’s look like chicken feed,

In fact, invisible forces are not merely the stuff of revela-
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air, and the force of gravige pulls you back to Earch. Pluck a
couple of magnets off the refrigerator and feel them push away
from each other. As a mater of fact, there is almost no such
thing as a visihle force! [ say “almost” because, of course, if a
piano falls on your head, the source of the force you feel
{before you feel nothing anymore) is eminently visible! Or is
it? What is it about the piano thar makes it “macerial™? Why
does it crush your skull?

This might seem like a silly question; afver all, whart could be
more solid than wood, ivory, metal, all che things from which a
piano is fabricated? Well, a piano, at the fundamental level, is
made of billions and billions of atems. You can thersfore rea-
sonably assume that the particles in the atoms in the piano
smack up against the atoms in your head and the multiple col-
lisinns are what cause one of these atomic aggregates w spatter.

Ah, no[hi:‘lg could be further from the cruth, MNo |>ar:i1:h: in
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atom in your skull. Most of what we like to think of as “mar-
ter” s actually empry space. The region in which clectrons
orbat an atomic nucleus is more than 10,000 rimes as large as
the nucleus itself, Tt's the invisible electric forces emanating
from the charged parcicles in the atoms in the piano thac repel
the charged particles in che atoms in your head and do such a
good job of making both your head and the piano seem solid,

Physicist Richard Feynman used chis idea to relate the
strength of the electric force to the gravitational force. T will
repeat his argument here, changing ic slightly so we can con-
tinue to speak in terms of your head and the piano, Bus
instead of dropping a piano on your head, let’s drop your head
on a piano from, say, 100 floors up. Let's assume you are at the
top of the Empire State Building, which I seem to remember
from my youth has 102 stories. And say that you manage to
climb over the high fence around the observation deck and do
a swan dive toward the ground below. At the same instang,
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some piano movers have taken a union-required break from
their chore of moving a new concert gr:md inte the ]LJH}_',' al
the |JLl5|dil‘ig. The piana is soll in several piucus, which are
l}-‘ing on mats on the sidewalk, Suddenly the movers look up,
and to their horror they see you hurtling earchward. You land
on the instruments elegant, polished wooden lid, which is
lying flat on the ground.

Mow, says Feynman, gravity has been accelerating you fos
102 srories, bur you don't continue your descent toward the
center of the Earth: The electrical force—in this case herween
Ll’_!‘c atoms in the lid (in turn supporttd HETHI.}-' 1'.-}' the sidewalk)
and the atoms in your head—stops you cold in a fraction of an
inch! Despite its spectacularly noticeable effects, graviry is the
wﬂ:ilkl'_‘il ﬂ][c‘: iﬂ. nature. .

Even this example doesnt do justice to how weak graviry
really is compared to the electric foree. Here's another one:
Take a single electron, which has a small electric charge associ-
ated with it. If I put another dectron near it, they are repelled
by the electric force berween them, In empry space, where no
other forces were around o balance this force, they would fly
apart. Now, say | wanted to pin the second electron down by
putting a large mass on top of it, so that the gravitational
actraction of the large mass {plus the electron) toward the orig-
inal electron would exactly balance our the electric repulsion
between the two electrons. How big a mass would [ need?

When | asked my wife this question, she asked how far
apart the two clectrons were, which is a good questdon,
However, in this case it 15 irrelevant, because both the electric
force and the gravitational force vary the same way with dis-
tance, so if they balance our at one distance, they will balance
out at all distances. In any case, the answer is nothing short of
flabbergasting. Plugging in the relative strengths of gravicy and
the elecric force, it turns out that the mass you have to put on
'[I:!E} Gr fhﬂ bmnd I:]{:I:trl:'ln Lo counieract L|:'|L' L']‘L'L'Ll.'iL' |C|.Ju|5]1.”‘l
is—ger this—5 billion tons. This is not only more
then either the Empire State Building or the twin towers of the
Warld Trade Center, or any other Manhattan skyscraper, it is
mare massive them all of them pur wogether!

Even though I have been for some time familiar with the
relative strengths of grivity and the elecrric force, 1 was sur-
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prised by this pardeular resulr after obraining it—so much so
that T had to check my calculations three times and then ask a
graduate student who happened to be walking by my office ro
check them to make sure | hadn’t done .l;c:l:m.'lhin;; foolish.
This crime, | hadn',
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attracted downward by the gravicational force of the single elec-
tron that one might hope to levitate them with, they are
ﬂ[[rﬂ.ctml h:r' thl: thﬁlﬁ Fﬁr'h. .l“-r:l{l. 5;[]{_'I_' E:Iflh ih' !T]H_'ihi\".' i.['ll'j{:l:d,
their “weighe” ac Earth’s surface is enormous compared to the
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balance the electric force with graviry in empty space is not thar
this electric repulsion is su grear bur thar the gravicational atrrac-
tion of the electron on each of these objects is so small.
Gravity is so weak that it is almost miraculous that we can
detect ic at all. The reason we “feel” gravity is that although the
pull of each individual atom in the earth on cach individual
atom in my body is unbelievably small, the effect adds up, so
thar the attraction of alf the atoms in the carth on each atom
in my body is substantial (most norticeably in the morning,
just alter my alarm goes off). We don’t “feel” the electramag-
netic force in this way, because the negative charges in our
body are exactly canceled by the posi- >
tive charges in our bady. This is a
good thing: if it weren't so, the elec-
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Ms weak as grﬂ‘-’it}' 1%, we can
still measure the gravitational
arrraction between human-scale
objects. (The awraction berween
single atoms is so small that
there’s no hope of measuring it
directly in the near future.) In fact,
abour 100 years after Newton's dis- O
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covery of the law of gravity based on Ao
the motions of the planets around . _waga
the sun, a fellow Englishman, Henry
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Cavendish, came up with a sensitive :
method 1o measure the gravitational
attraction berween objects the size of can-
nenballs by attaching two to a crossbar to
form a kind of dumbbell balance and suspending
it trom a wire. He then moved a third cannonball close to
one end of this conwraption and measured the infinitesimal
rarque this produced on the wire, In this way, the fundamental
strength of gravity iwsclf—the so-called gravitational con-
stant—was determined. Previously, one could use Newrton's law
to calculate the strength of the gravicational force between plan-
ers and the sun, orberween Eareh and the Moon, for cxample.
However, the mass of these objects was not independendly
known; one could not determine how strong the gravitational
force was berween objects of known mass in this way. After
Cavendishs experiment, not only was this measurement possi-
ble, but one could pur the gravitational constant into Newton’s
law and i this manner weigh the planets and the sun. The cur-
rent best measurement of the mass of the sun was calibraced
using this technique.

The purpose of my discourse on graviry's weakness, how-
ever, is not to bury gravity but to praise it. There is nothing
basically wrong with imagining a universe full of invisible
things, some of which are beyond our contral. The universe is
full of invisible things, some of which are beyond our control!
W should chink about gravity whenever we ponder the Big
Question that has stirred our imaginations for cenuries (and
inspired much of modern science fiction): Whar invisible
things are still invisible?
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At the top of the list, anyone’s list, must be ESP Irs difficult o
name a major work of science fiction or fantasy that does not
somewhere contain an element of telepathy. Each of the Star
Trek series, for example, has had its telepaths: Spock, Deanna
Troi, her mother Lwaxana, Kr:.w—-t'n say iturl'ling of a host of
telepathic aliens on various planets. The aliens in The X-Files
perform telepachic mind scans; and even the disgusring crea-
tures in fadependence Day, whose only purpose in life seemed
to be to kill other species, used telepathy as 3 weapon.
How many times have you fele that you knew what some-
one else was thinking? Certainly, as we become
accustomed to reading body lan-
guage and facial expressions,
W CAn SOmetimes _:unif_-ipgm;
other people’s reactions, or even
divine what is on their minds, [5 i
all that crazy 1o imagine thar with
one more step we could communi-
cate without speech?
The term “extrasensory percep-
tion” was coined by the Duke
University researcher Joseph Banks
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Rhine, who wrote a well-known
book by this name in 1934 in
which he claimed to have over-
whelming evidence for teleparhic
communication. His popularizations,
combined with the interest of the pub-
lisher of the pulp magazine Astaunding
Scierce Fierion, helped fuel public inter-
est and inspired a raft of ESP-relared
science fiction. Rhine also coined the
term “parapsychology,” for the study of various kinds of
alleged psychic phenomena.
Alas, the invention of these two serviceable terms was prob-
ably Rhine’s greatest contribution to science, since essentially

l".;‘.‘.?';.‘”"a—..‘i_

all of his ESP results that were subjected to outside scrutiny
were shown to be flawed—ineluding his first discovery, Lady
Wonder, the telepathic horse. While the flawed experiments of
one rescarcher cannot be used to dismiss a whale field, the fol

lowing facts are not in dispure:

I: In the more than sixry years since Rhine created the
field, there has been not a single definitive experi-
ment broadly accepred—thar is, by scientists not
directly involved in similar lines of research—which
unambiguously demaonstrares the reality of any of the
phenomena he set out to explore and promare.

2: At the same time, huge numbers of people, including
a number of active workers in this field, believe thar
ESP exists.

I know better than to try and resolve this debare. Moreaver.
I have never persanally tried o verify or debunk any specific ser
of ESP experiments. I'm skeprical, but then 1 try to be skeprical
of everything (I don't helieve there's any other way to learn about
how the world really works), Bur [ don't want to directly ques-
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tion here the quality of current research in chis area. Rather, |
want to ask a question [ think is more enlightening, not to men-
tion more fun: Whar would be required for ESP 1o exisc?

[ find ic significant that the furor over telepathy and ESP
began within a few decades of the invention of the radio by
Guglielmo Marconi, and less than one decade after its first wide-
spread usage. Onee wireless communication became a realicy,
the idea that invisible “waves” of some sort could lead o direct
nonverbal communication between people probably became a
lot more plausible. Uneil then, the only nonverbal communica-
tion that dido't make use of some overt physical connection
berween source and receiver infolved visible light, so that any
suggestion that one might receive invisible signals was com-
pletely unprecedented. Radio waves fir the bill perfectly:

There are so many remarkable aspects of radio waves
{which, like visible light, are elecrromagneric waves, but of
much lower frequency), that it’s hard to know where ta begin
talking abour them. First and foremost, in spite of both the
curvature of the earth and the long distances involved, short-
wave radio signals can be received on the other side of the
planet. Moreover, though radio waves carry very lirtle pawer,
they can be precisely detected. The most striking illustration of
this scns]rivir}; is afforded l}:,' the marvelous Arecibo radio tele-
scope in Puerto Rico. Built in a natural crater surrounded by
rropical vegeration, the Arecibo antenna is 1,000 feet acrass,
and viewers of the movie Comtacr will recopnize it It has
derected radio waves from the surface of Venus, from rotating
neutron stars thousands of light-years away, and from extra-
galactic objects hundreds of millions of light-years away. 1
roured the facility with the assistant director a while back
along with my wife and d:augh:u:r, and | remember uying o
think of a way o convey how sensitive this beauriful device
was. Based on the sensitivity data for the instrument, | worked
out that it could casily detect a 25-watt hightbulb on Pluto,
several billion miles away, if instead of generating visible light
the bulk emicred its energy as a radio frcqucnqrr accessible to
the telescopes receivers.

Well, if we can detect such small sources locared in the
OUTEr ]'l:'ach(_".s D'I'_ fi'lf" En]:LT S}'Sfﬂm. “'h}' 5]1(1'.]'.(1“’[ Wi minds b'n.l
able to communicate across a room? After all, thinking irself
involves precisely the same processes as those that produce
electromagnetic disturbances. Thoughts and actions are iniri-
ated by the liring of neurons in our brains, which produce
electrical currents, which in tarn travel to nerves and muscles
elsewhere in our body. Electrical currents are precisely what
generate eleciromagnetic waves,

On the surface, the forces of electricicy and magnetism seem
very different. Permanent magners exist, bur they behave quite
diﬂ-urunﬂ:.' lh:l.:l', electric L'I!11I'|__'|i"_'1 do. For -_-xampl-:. i]'- ane cuts a
magnet in half, one does not produce an isolated north pole
and an isolated south pole; instead, one gets two smaller mag-
nets, each with a north and south pole. Bur if I biseet an object
with a positive electric charge on one side and a negative charge
on the other, [ will end up with one positively charged object
and one negarively charged object. There is clearly some con-

nection berween electricity and magnetism, however, For
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example, | can create a magner by moving charges to produce
an elecrric eurrent. These eleciromagnets are standard compo-
nents in almost every electric appliance in your house.

Mear the end of the ninetesnch century, one of the greates:
theoretical physicists of that era, the Scottish physicist James
Clerk Maxwell, arrived ac one of the greatest intellectual uni-
fication of ideas that has ever taken place. He demonstrated
conclusively not only that clectricity and magnetism were
related bur that they were really juse different aspects of the
same thing. One Pmu.fg electricity is another person’s mag-
netism, depending on the reference frame.

Besides setting the stage for relativiy theory, which is based
on this principle, Maxwell’s theory of elecrromagnetism made
a central prediction: Light is a wave of electricity and magnet-
ism. The interplay berween elecericiey and mapnetism was
such that whenever you jiggled an clectric charge, a "wave” of
electric and magneric disturbances eraveled outward ar a speed
that could be calculated from first prineiples. This speed
turned out to be the same as the measured speed of lighr, We
now understand thar the frequency with which you jiggle the
charge determines the measurable characteristics of the resul-
ing wave. If you jiggle it back and forth only a million times
per second, you will produce radio waves. If you jiggle it back
and forth a billion times per second, you will produce
microwaves. If you jiggle ir back and forth a million billion
times per second, you weill prcduoc visible L]Eh t. And 50 an.

You might ask, whar is it exactly that is propagating in an
cleceromagnetic wave? Whar is there in the wave itself, and
what will the wave do when it encounters marrer? Here we
have to thank another remarkable nineteenth-century Brivish
physicist, Michacl Faraday. Faraday is in some ways a more
romantic figure than Maxwell. Withour a formal education, as
a mere bookbinder's apprentice, he attended a public lecrure in
1812 ar the esteemed Royal Institution, in London, given by
the brilliant chemist 5ir Humphry Davy. Sometime later he
returned o the institution with the lecture notes he had raken,
bound inte a handsome volume, Dav}r Was 50 ilanCSSﬁ‘.l‘l that
he took l";l.md.'l.}-' on as an assistant, The rest is l‘JiS[f:J'}’.

The particulars of this history involve a number of seminal
discoveries about the connections berween electricity and
magnetism which set the stage for Maxwell's work. Burt the one
I want to focus on here is one that changed forever the way
physicists think abour empry space. Faraday was an intuitive,
seat-of-the-pants type of thinker, which is one reason [ like
him go much. Prior to Faraday, when physicists thought about
forces, like gravity, they pictured the equations that governed
these forces. Faraday provided a more intuitive, physical pic-
ture, which in some ways is far more valuable,

From the moment Newton discovered the universal law of
graviry, he and others were puzzled by the question, How does
the Moon know Earch is there in order to be arcracred by s
gravitational pull? Thar is, whar exactly is it thar communi-
cates the force of graviey? Is thar force instantaneous, or does
it take time to reach the Moon?

Mewton never resolved these thorny questions, and pre-
ferred to move on to other things, including becoming head of
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the British Mint, Some 200 years laver, however, Faraday pon-
dered the same questions, but this rime in the context of the
electric forces berween particles. To help himself understand
why the electric force behaves the way it does, he imagined char
emanarting from every charged particle was an electric “feld.”
He pictured this field as a ser of lines radiating outward in space
from the particle in every direction. If he imagined the number
of lines as proportional to the magnitude of the electric charge
on the particle, Faraday could then underscand why the electric
force dropped off in strength with the square of the distance
berween charged objecrs, IF 1 start out with a certain number of
field lines emanating from.a charge, and each one heads out in
a straight line ro infinity, the field lines will diverge. Therefore,
the number of field lines that cross any given area ar a certain
distance will decrease with the square of the distance.

MNow, this is a nice picrure, but is it more than just a
metaphor? Otren physicists create pictures to give themselves a
clearer understanding of how the laws of nature work, bur are
these pictures ever the image of the reality itself? Sometimes the
answer is a sutprising yes. Faraday’s fields are such an example,
and soon teak on a life of their own. It was shoredly understaad
that under certain conditions electric and magnetic fields could
be generated simply by the presence of other electric and mag-
netic fields, without the presence of the elecrric charges that
caused one to invent the fields in the first place.

When physicists nowadays think of empty space—space
deveid of mater—they realize that it's not necessarily empry.
We now think of the electric force, and also the gravitational
force, as follows: A charged particle creates an eleceric field
around itself, and a massive particle creates a gravitarional field
around itself. These fields propagate at the speed of light, and
a far distant object ean interact with them and be arerzeted or
repelled. Because it takes some time for the fields to propagate,
the Moon, for example, will be gravitarionally ateracted to
where Earth was at the time the field with which the Moon is
interacting was created. If Earth moves in the meantime, the
Moon will nevertheless move toward the eriginal place—that
is, until the field created by the now-moved Earth propagates
eut to the position. of the Moon, Because these fields propa-
pate at the speed of light, we dont normally nortice che delay
on a human rimeseale. However, when cosmic distances are
involved, the effects of the finite propagation speed of graviry
can be dramarie. For example, the Milky Way is falling roward
a huge galactic group some 50 million light-years away. In the
time it has taken for the gravitational field of the huge cluster
of galaxies to propagate to the region of our ewn galaxy, the
cluster has moved from the position tw which our galaxy is
being ateracted by perhaps 100,000 lighe-years, a distance
comparable to the Milky Way's diamerer!

Emprty space is full of fields. A million years after 1 jiggle an
elecrric charge here on Earth, the changing magnetic and elec-
tric fields have propagated a million light-years away, where
they can cause an electric charge in an antenna attached 1o a
radio receiver to jiggle up and down, producing a response in
the receiver, The opening sequence of Conract, in which we
pass slowly out through space, following the stream of electra-

magnetic waves emanating from our radio and TV broadcasts
as they make their way through the universe, is a wonderful
illuseration of this idea,

We sense directly only a small part of all the electromag-
netic waves out there. This spectrum includes waves with fre-
quencics to which the electrons in the atoms in our eyes can
respond, sending signals to our brain which we interprer as
one or another color. Waves of slightly lower frequency are
invisible to us, but we nevertheless feel them as hear. Waves of
slightly higher frequency are invisible—to us, though nor o,
say, bees—and we don't feel them at all, bur chey damage our

~skin and produce dangerous but apparently appealing suntans.

What could be more New Age than this? An invisible world
full of electromagneric fields all around us, some of which we
generate by our own thought processes. How cosmic . . . !
Why cauldn’t our thoughts generare weak fields that might be
sensed by individuals with just the right kind of antennas built
into their braing?

But this is a case of too much of a good thing
Electromagnetic fields are remarkably pood ac propagating and
producing effects. But if they produce effects, they are by def-
inition ebservable, That's the way the world works. 1F | think
very hard—whatever that means—and try to produce a
response in your mind, that means | must induce some chem-
ical or electric response in the neurons in your brain. But
unless you think your brain behaves differently from any other
sart of antenna in the universe, then the signal | send o your
brain should be detectable by radios or other types of electro-
magnetic receivers in the vicinity.

Theres no doubr that the most sensible carrier for telepathic
messages would be electromagnetic waves. There's no doubt that
they are directly associated with the operation of your thought
processes, We have detected “brain waves” and can even measure
the external electromagnetic signal they produce. Bur electro-
magnetic waves from the other end of the universe are
detectable by receivers here on Earth. Why should such receivers
be less efficient ar receiving telepathic messages than your brain
is? The fact that no one has ever detecred electromagneric waves
associated with ESP is prerry damning, don't you think?

Maybe the electromagnetic waves associated with tele pathy
are so weak thar existing detectors are insensitive to them? But
they can't be 100 weak to generate some physical disturbance
in the brain of the recipient. This would entail carrying
enough energy to cause an electron to jiggle, or an atomic spin
10 wobble, or something, Buc this same somerhing can be used
as the basis of some detection apparatus or other. Existing
detectors of visible light can detect, for example, individual
photons. We can build X-ray detectors to see through what we
cannot see through with the naked eye, infrared-sensitive cam-
eras to spy on our neighbors in the dark. The botrom line is
that there is nothing more derecrable in the universe than elec-
tromagnetic waves, as hidden as they seem.

Nao, this is another case where Fox Mulder's maxim, “The
easiest explanation is also the most implausible,” holds true. I
ESP is 1o work, there’s gotta be another way—something not
quite so easy. O
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| know you're looking. . .

Does this man have eyes in the back of his head?

EVER get the feeling vou're being stared
at? Well, you probably are, according to
research carried out by New Scientist read-
ers. Biologist and author Rupert Sheldrake
claims the research confirms that people
can sometimes tell when they are being
stared at even when they can’t see the per-
son doing the staring. However, scepties
still doubt that these results represent a
mysterious sixth sense.

In 1997, MNew Scienfist ran an article
describing Sheldrake’s attempts to investi-
gate the notion that people somehow know
when someone is watching them, even in
the absence of conventional sensory infor-
mation (“Are you looking at me?, 26 July
19497, p 39). Sheldrake claimed to have data
backing the claim, and readers were invited
to repeat his experiment in their own
homes. They were told to put blindfolds
on and sit down with their backs to other
volunteers, who then stared at them or
looked away according to a random series
of numbers. Each time, the blindfolded
people simply had to say whether they
believed they were being stared at or not,
They then sent their results to Sheldrake.
Some but not all the tests were supervised.

By guessing alone, those being stared at
should score a hit rate of just 50 per cent.
But according to Sheldrake, analysis of
results from almost S000 trials shows that
they correctly guessed when they were
being stared at almost 55 per cent of the
time. Although small, the difference
between this and the expected score from
simply guessing was statistically signifi-
cant. When they were not being looked at,
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their success rate fell back to 52 per cent,
which i not statistically different from the
figure expected by chance alone,

“These results suggest that the feeling
of being looked at from behind is a real
phenomenon that depends on factors as yet
unknown to science,” savs Sheldrake.

Experts in parapsvchology research are
intrigued by the results, But they are wary
of relying on any findings obtained outside
tightly controlled laboratory conditions.
Chris French of Goldsmiths College,
London, believes the starers could have in-
advertently been providing the experi-
mental subjects with other sensory cues as
to whether or not they were being looked
at. “The less well controlled a study is. the
more likely this sensory leakage is to be a
problem,” he says.

Richard Wiseman, a psvchologist I.t‘he
University of Hertfordshire in Hatfield,
who has also investigated the staring
phenomenon, with mixed results, savs the
high statistical significance of the results
means that yvou would not expect to get
themn as a result of chance alone. “But that
doesn't imply that the staring effect must
therefore be real,” he says. The positive
results may reflect a tendency among
people who failed to obtain impressive
results not to bother sending them to
Sheldrake for analysis.

But Sheldrake is confident about his
results. “Sceptics insist that extraordinary
claims require extraordinary evidence,” he
says. “It's now the sceptics who are mak-
ing the extraordinary claims by rejecting
findings such as these” Robert Matthews
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Feel the Force (of Physics)

Read the articles "May the Force Be With You" and "l know you're looking..."
from the packet handed to you recently. Critically read, analyze, and take notes
on these articles, and then address the questions listed for you below by writing
your responses on a separate sheet of paper. Be sure that your answers are
clearly written in complete sentences, and that they are thorough. This

homework assignment is worth 10 points. PO NOT ReCOPY THE ARTICLE

"May the Force Be With You":

1.

According to modemn physical theories, when two objects collide with each other, does the
material that (atoms) make them up actually come into physical contact? Why or why not? If
not, explain wnat is happening on the microscopic level,

Perform a calculation demonstrating the relative strengths of the gravitational and electrical
forces between two protons. Explain why this result seems counter-infuitive, seeing as how
scientists say that it is gravity that holds the universe (on a large scale) together.

What are the properties of radio waves that make them very desirable as being ussful for
communication & detection over long distances? \What is the basic mechanism that
generates radio waves and other forms of electromagnetic radiation? In this physical
process, what exactly determines the type of electromagnetic wave (UV-rays, infra-red,
visible light, radio, etc.) that is generated?

Do electromagnetic and gravitational fields move at an infinite speed; that is, are their effects
instantaneous? Provide an example illustrating your response. Tell why or why not early
physicists (i.e., Newton, etc.) took this factor into account with their studies.

Why would electromagnetic waves seem the most appropriate carrier for telepathic
messages? What physical & biological processes take place in our bodies that would lead to
the generation of an electromagnetic wave? Describe these processes in detail.

"l know you're looking...": (‘Bn-_w;,- P,:,;'H‘fs)

6.

(5 points) Think about the home ESP experiment that was conducted as a survey by Rupert
Sheldrake and his colleagues. Had your family been surveyed by their study, describe in
detail (pictures & floor plans might help) how you would conduct a carefully controlled home
ESP test. What were the results of Sheldrake's survey? List various factors that could have
affected the results of the survey & experiments. In addition to listing these factors, provide
controls to offset them so that the ESP experiments are as "bulletproof' as possible.
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